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The Superintendent of Documents, United States Government

Printing Office, Washington 25, D. C, has on hand for sale to the -public,

at the cost of printing, the following publications of the Bureau of Land

Management:

Manual of Instructions for the Survey of the Public

Lands of the United States, edition of 1947.

Standard Field Tables (a supplement to the Manual

of Surveying Instructions).

Ephemeris of the Sim, Polaris and Other Selected

Stars, with companion data and tables, published an-

nually in advance (a supplement to the Manual of

Surveying Instructions).

Restoration of Lost or Obliterated Corners and Sub-

division of Sections (a supplement to the Manual of

Surveying Instructions, for the guidance of county and

other local surveyors).

Wall map of the United States, scale 37 miles to 1

inch, and separate maps of the several public-land

States, scale 12 miles to 1 inch, showing the developed

rectangular surveys.

Map of the United States showing the Principal

Meridians and Base Lines, and the areas governed by

each.

FIELD NOTES AND PLATS

Copies of the approved field notes and plats of the public-land

township surveys, and of the mineral-patent, and the private-land-

claim patent-surveys, may be procured from the Bureau of Land

Management, Washington 25, D. C, also from the regional and

public survey offices, or the appropriate State office, as noted in

Sees. 9 and 10 herein. A charge is usually made for making copies

of records furnished to the public. Opportunity is afforded for the

examination of the records as required by the public, and for making

copies or extracts therefrom.
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UNITED STATES

DEPARTMENT OF THE INTERIOR

BUREAU OF LAND MANAGEMENT

Washington, August 5,1947.

The Manual of Instructions for the Survey of the Public Lands of

the United States is issued for the guidance of all employees who

exercise a technical responsibility in the execution of cadastral surveys

or resurveys, including the preparation of the field notes and plats

thereof, in any manner relating to the public domain. The Manual

of 1947 will supersede all previous instructions or regulations on the

technical subjects contained therein.

Feed W. Johnson,

Director.
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UNITED STATES 
DEPARTMENT OF THE INTERIOR 
BUREAU OF LAND MANAGEMENT 

W.A8HINGTON, A1LgU8I6, 19J,.7. 
The Manual of Instructions for the Survey of the Public Lands of 

the United States is issued for the guidance of all employees who 
exercise a technical responsibility in the execution of cadastral surveys 
or resurveys, including the preparation of the field notes and plats 
thereof, in any manner relating to the public domain. The Manual 
of 1947 will supersede all previous instructions or regulations on the 
technical subjects contained therein. 
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PENALTY FOR THE DESTRUCTION OF MONUMENTS

Section 57 of the Criminal Code of 1909 (35 Stat. 1088, 1099;

18 U. S. C. sec. Ill), provides a penalty for the unauthorized alter-

ation or removal of any Government survey-monument or marked

trees, as follows:

"Whoever shall willfully destroy, deface, change,

or remove to another place any section corner, quarter-

section corner, or meander post, on any Government

line of survey, or shall willfully cut down any witness

tree or any tree blazed to mark the line of a Govern-

ment survey, or shall willfully deface, change, or re-

move any monument or bench mark of any Govern-

ment survey, shall be fined not more than $250, or

imprisoned not more than six months, or both."

TEXTUAL AND TYPOGRAPHICAL ERRORS

All readers of this Manual are requested to report

any errors which may be found herein, addressing the

Bureau of Land Management, Washington 25, D. C.
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KEY TO CITATION OF AUTHORITIES, BY VOLUME

AND PAGE OR SECTION

Stat. United States Statutes at Large.

R. S. Revised Stacutes of the United States; citation will

include section number.

U. S. United States Reports. Decisions of the Supreme

Court of the United States. The early reports

include in the title the name of the authorized

court reporter.

U. S. C. United States Code (The Code of the Laws of the

United States).

L. D. Decisions of the Department of the Interior relating

to the public lands.

L D. Ditto, Vol. 53, and later.

C F R Code of Federal Regulations of the United States of

America.

Title 43â��Public Lands: Interior.

This will include the Cumulative Supplement.

Section numbers, cited herein without other designation, refer

to sections in this Manual.
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THE GENERAL PLAN
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Revised Statutes 8
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9. The Regional Oflices 13

10. The States 13

13. Restoration of lost or oblit-

erated corners and sub-

division of sections....... 90

The Manual Supplements

THE MANUAL

1. The Manual of Surveying Instructions exemplifies the plan of

the cadastral survey of the public lands of the United States. There

have been six previous Manuals, each in turn demonstrating improve-

ments in methods, and the newer conditions to be dealt with.

Various regions of the United States have been surveyed under

amended or different instructions in periods ranging from 1785 to the

present time. The earliest rules were issued in manuscript, and in

printed circulars. Regulations more in detail, improving the plan in

both accuracy and uniformity, were issued in the Manuals of 1855,

1881, 1890, 1894, 1902, and 1930. This volume will be known as the

Manual of 1947.

Surveying is the art of measuring and locating lines, angles, and

elevations on the surface of the earth, within underground workings,

and on the beds of bodies of water.

The term "cadastral survey" is applied to the establishment of

the land boundaries and subdivisions by the running and marking of

the lines that are required by the plan; this includes a field note record

of the observations, measurements, and monuments descriptive of the

1
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MANUAL OF SURVEYING INSTRUCTIONS

work performed, and a plat that represents the cadastral survey, all

subject to the approval of the directing authority.

The Manual presents the detail of the plan and methods from the

point where the subjects are ordinarily concluded in the text books on

surveying. The application to large scale areas requires a thorough

understanding of the stellar and solar methods for making the observa-

tions by which to determine the true meridian, the treatment of the

convergency of meridians, the running of the true parallels of latitude,

and the conversion in the direction of lines so that at any point its

angular value will be referred to the true north at that place. The

latter subjects are therefore explained and examples given with specific

relation to the approved surveying practice. The use, care, and

adjustments of the General Land Office solar transit are fully treated

because of the great value of this instrument and the necessity for its

selection, outclassing as it does all other designs at all suited to the

making of the rectangular surveys on cardinal courses.

For many reasons there is much need for extended treatment of the

subjects of subdivision of sections, restoration of lost or obliterated

corners, resurveys, surveys of many special kinds, and mineral sur-

veys. By their growing importance these subjects indicate much

change in the present character of the work, wherein the need is stressed

for thoroughness in the identification and perpetuation of the surveys

already created, properly to mark the boundaries of the public land

remaining undisposed of.

The Manual is for the guidance of the employees of the Bureau

of Land Management. To all others this surveying practice should

be regarded as advisory, with no attempt to interpret State law

respecting the survey of private property.

THE PUBLIC DOMAIN

2. The survey of the public lands has been inseparably associated

with the many questions of title relating to the lands which were turned

over to the Federal Government by the Colonial States, also in similar

relation to those larger areas that were acquired later by purchase

from, or treaty with the native Indians, or with the foreign powers

that had previously exercised the sovereignty. The term "public

lands" has been applied broadly to this area insofar as the lands have

been subject to administration, survey, and transfer of title under the

public-land laws of the United States, wherein the jurisdiction is now

vested in the Director of the Bureau of Land Management, under

the direction of the Secretary of the Interior.

Beginning with the territory northwest of the Ohio River, the public

land surveys have been extended, or are now being continued within

1
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THE GENERAL PLAN

8

the 29 States and the Territory of Alaska that has constituted the

public domain, and does now constitute the public domain after

excluding all valid prior grants of title, and until the transfer of the

title by the United States. Supplemental to the establishment of

the surveys, the plan includes the necessary retracements for the

maintenance or restoration of the monuments where these are becom-

ing or have become obliterated, but this jurisdiction extends only

so far as the title is held by the United States.

The title to the vacant lands, and therefore the direction over the

surveys, within their own boundaries, was retained by the Colonial

States,, the other New England and Atlantic Coast States (excepting

Florida), and later by the States of West Virginia, Kentucky, Ten-

nessee, and Texas, in which areas the United States public land laws

have not been applicable.

ADMINISTRATION, OR DISPOSAL OF THE TITLE

3. After the admission of the States into the Union the United

States continued to hold title to the unappropriated lands and to

administer its public-land laws with reference thereto. It is expressly

provided, as one of the conditions set forth in the various enabling

acts, that the title to unappropriated lands within the State shall

remain in the United States. The lands in the territories not appro-

priated by competent authority before they were acquired are in the

first instance the exclusive property of the United States, to be

administered, or for disposal to such persons, at such times, in such

modes, and by such titles as the Government may deem most advan-

tageous to the public. Congress alone has the power, derived from

article IV, section 3, of the Constitution, of disposing of the public

domain and making all needful rules and regulations in respect thereto.

It comes within the province of the Director to consider and

determine what are public lands, what lands have been surveyed,

what are to be surveyed, what have been disposed of, what remains

to be disposed of, and what are reserved; it is a well-settled principle

of law that the United States, through the Department of the Interior

has the authority and duty to extend the surveys as may be necessary

to include lands erroneously omitted from earlier surveys.

NAVIGABLE WATERS

4. The beds of navigable bodies of water are not public domain and

are not subject to survey and disposal by the United States. The

sovereignty is in the individual States. Under the laws of the United

States the navigable waters have always been and shall forever remain

t
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MANUAL OF SURVEYING INSTRUCTIONS

common highways. This includes all tidewater streams, and other

important permanent bodies of water whose natural and normal

condition at the date of the admission of a State into the Union was

such as to classify the same as navigable water (R. S. sec. 2476).

Tide lands which are covered by the normal daily overflow are not

subject to survey as public land. Sections 530, 531, 532.

The question of navigability in law, where there may be contro-

versy, is a matter to be decided by the courts, based upon the facts

and conditions in each case as these prevailed at the dates of statehood.

The opinion of the Supreme Court of the United States establishes

the guiding principle, as follows: â�¢

The rule long since approved by this court in applying the Constitution and

laws of the United States is that streams or lakes which are navigable in fact must

be regarded as navigable in law; that they are navigable in fact when they are

used, or are susceptible of being used, in their natural and ordinary condition, as

highways for commerce, over which trade and travel are or may be conducted

in the customary modes of trade and travel on water; and further that navigability

does not depend on the particular mode in which such use is or may be hadâ��

whether by steamboats, sailing vessels or flatboatsâ��nor on an absence of occa-

sional difficulties in navigation, but on the fact, if it be a fact, that the stream in

its natural and ordinary condition affords a channel for useful commerce. United

States v. Holt State Bank, 270 U. S. 49, 56 (1926).

SWAMP AND OVERFLOWED LANDS

5. In 17 of the 29 States (exceptionsâ��Arkansas, Idaho, Montana,

Nebraska, Nevada, New Mexico, North Dakota, Oklahoma, South

Dakota, Utah, Washington, and Wyoming), the swamp and over-

flowed lands, though public domain, pass to the States upon identifi-

cation by public land survey, and approved selection, the title being

subject to the disposal by the States. Section 534.

The Act of March 2, 1849 (9 Stat. 352), granted to the State of

Louisiana all the swamp and overflowed lands within the limits

of the State for the purpose of aiding in the reclamation of said

lands; the Act of September 28, 1850 (9 Stat. 519), extended the

grant to the other public-land States then in the Union. The grant

was also extended to the States of Minnesota and Oregon by the Act

of March 12, 1860 (12 Stat. 3). These various swamp-land grants

were carried over into R. S. sec. 2479 (43 U. S. C. sec. 982). A

notable exception to the swamp-land laws is found in the Arkansas

Compromise Act of April 29, 1898 (30 Stat. 367; 43 U. S. C. sec.

991), by which all right, title, and interest to the remaining unappro-

priated swamp and overflowed lands reverted to the United States.

The provisions of the grants apply to the elevations situated below
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the uplands, wherein the lands are of such a character that without

the construction of levees or drainage canals the areas would be wet

and unfit for agriculture. The grants apply to all swamp and over-

flowed lands within the States which were unappropriated at the dates

of the granting acts, and whose character at that time would bring them

within the provisions of the grant. Section 535.

LAWS RELATING TO SURVEYS

6. The principal early laws are found (1) in "An ordinance for

ascertaining the mode of locating and disposing of lands in the western

territory, and for other purposes therein mentioned", passed by the

Continental Congress on the 20th of May 1785; and, (2) in the Acts

of May 18, 1796 (1 Stat. 464); May 10, 1800 (2 Stat. 73); February

11, 1805 (2 Stat. 313); April 25, 1812 (2 Stat. 716); April 24, 1820

(3 Stat. 566); April 5, 1832 (4 Stat. 503); July 4, 1836 (5 Stat. 107);

and March 3, 1849 (9 Stat. 395). Manual Appendix I.

That part of the Northwest Territory which became the State of

Ohio was the experimental area for the development of the rectangular

system; here the plans and methods were tested in a practical way;

notable revisions of the rules were then made applicable as the surveys

progressed westward until the general plan became perfected.

The adoption of the rectangular system marked the important

transition from the surveying practice that prevailed in the greater

part of the Colonial States, where the land grants were defined by

irregular metes-and-bounds, each depending more or less on the de-

scription of the adjoining tract, known by name or survey number,

and mostly without common geographic location other than by

reference to some well-known natural object.

There follows below a reference to portions of the Revised Statutes

and United States Code devoted especially to the surveying practice,

with appropriate modification to reflect current organization of the

Bureau of Land Management:

The Director, Bureau of Land Management, shall perform, under the direction

of the Secretary of the Interior, all executive duties appertain-

Duties of director 'nS to tne surveying and sale of the public lands of the United

States, or in any wise respecting such public lands; and, also,

such as relate to private claims of lands, and the issuing of

patents for all grants of land under the authority of the Government (R. S. sec.

453; 43 U. S. C. sec. 2).

The Director, under the direction of the Secretary of the Interior, is authorized

to enforce and carry into execution every part of the public

toPmIke fL^ton land laws not otherwise specially provided for (R. S. sec. 2478;

43 U. S. C. sec. 1201).
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MANUAL OP SURVEYING INSTRUCTIONS

First. The public lands shall be divided by north and south lines run ac-

cording to the true meridian, and by others crossing them at

Rules of survey. right angles, so as to form townships of six miles square, unless

where the line of an Indian reservation, or of tracts of land

heretofore surveyed or patented, or the course of navigable rivers, may render this

impracticable; and in that case this rule must be departed from no further than

such particular circumstances require.

Second. The corners of the townships must be marked with progressive num-

bers from the beginning; each distance of a mile between such corners must be

also distinctly marked with marks different from those of the corners.

Third. The township shall be subdivided into sections, containing as nearly as

may be, six hundred and forty acres each, by running through the same, each

way, parallel lines at the end of every two miles l; and by making a corner on

each of such lines at the end of every mile. The sections shall be numbered,

respectively, beginning with the number one in the northeast section, and pro-

ceeding west and east alternately through the township with progressive numbers

till the thirty-six be completed.

Fourth. The cadastral engineers, respectively, shall cause to be marked on a

tree near each corner established in the manner described, and within the sec-

tion, the number of such section, and over it the number of the township within

which such section may be; and the cadastral engineers shall carefully note, in

their respective field books, the names of the corner trees marked and the num-

bers so made.

Fifth. Where the exterior lines of the townships which may be subdivided into

sections or half sections exceed, or do not extend six miles, the excess or deficiency

shall be specially noted, and added to or deducted from the western and northern

ranges of sections or half sections in such townships, according as the error may

be in running the lines from east to west, or from south to north; the sections and

half sections bounded on the northern and western lines of such townships shall

be sold as containing only the quantity expressed, in the returns and plats, respec-

tively, and all others as containing the complete legal quantity.

Sixth. All lines shall be plainly marked upon trees, and measured with chains,

containing two perches of sixteen and one-half feet each, subdivided into twenty-

five equal links; and the chain shall be adjusted to a standard to be kept for

that purpose.1

Seventh. Every cadastral engineer shall note in his field book the true situations

of all mines, salt licks, salt springs, and mill seats which come to his knowledge;

all water courses over which the line he runs may pass; and also the quality of the

lands.

Eighth. These field books shall be returned to the regional office and from

them a description of the whole lands surveyed shall be made out and trans-

mitted to the officers who may superintend the sales. There shall also be made

a fair plat of the townships and fractional parts of townships contained in the

lands, describing the subdivisions thereof, and the marks of the corners. This

> Authority (or the establishment of section lines at intervais of 1 mile was contained in the Act of Mar

10,1800 (2 Stat. 78), cited in the text. The "one mile line" provision, which was not carried into the Revised

Statutes, apparently inadvertently, nevertheless has been included in all printed Manuais issued by the

General Land Office before and after the adoption of the Revised Statutes.

â�¢ The superior results obtained by the use of modern steel ribbon tapes, in contrast with the obsolete link

chain, have led to the abandonment of the latter, except that the "chain unit," which is peculiarly adapted

to land surveying, has always been employed.
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plat shall be recorded In books to be kept for that purpose; and a copy thereof

shall be kept open at the public survey office for public information, and other

copies shall be sent to the places of the sale and to the Bureau of Land Manage-

ment. (R. S. sec. 2395; Mar. 3, 1925, 43 Stat. 1144; 43 U. S. C. see. 751).

The boundaries and contents of the several sections, half sections, and quarter

Boundaries and con- sections of the public lands shall be ascertained in conformity

tents of public lands, with the following principles:

First. All the corners marked in the surveys returned by

the Director shall be established as the proper corners of sections, or subdivisions

of sections, which they were intended to designate, and the corners of half and

quarter sections, not marked on the surveys, shall be placed as nearly as possible

equidistant from two corners which stand on the same line.

Second. The boundary lines, actually run and marked in the surveys returned

by the Director, shall be established as the proper boundary lines of the sections

or subdivisions for which they were intended, and the length of such lines as

returned shall be held and considered as the true length thereof. And the

boundary lines which have not been actually run and marked shall be ascertained

by running straight lines from the established corners to the opposite correspond-

ing corners; but in those portions of the fractional townships, where no such

opposite corresponding corners have been or can be fixed, the boundary lines

shall be ascertained by running from the established corners due north and

south or east and west lines, as the case may be, to the water course, Indian

boundary line or other external boundary of such fractional township.

Third. Each section or subdivision of section, the contents whereof have been

returned by the Director, shall be held and considered as containing the exact

quantity expressed in such return; and the half sections and quarter sections,

the contents whereof shall not have been thus returned, shall be held and con-

sidered as containing the one-half or the one-fourth part, respectively, of the

returned contents of the section of which they may make part. (R. S. sec. 2396;

Mar. 3, 1925, 43 Stat. 1144; 43 U. S. C. see. 752).

In every case of the division of a quarter section the line for the division thereof

Lines of division of snaU run north and south, and the corners and contents of

half-quarter sections, half-quarter sections which may thereafter be sold shall be

ow ruD' ascertained in the manner and on the principles directed and

prescribed by the section preceding, and fractional sections containing one

hundred and sixty acres or upwards shall in like manner, as nearly as practicable,

be subdivided into half-quarter sections, under such rules and regulations as

may be prescribed by the Secretary of the Interior, and in every case of a division

of a half-quarter section, the line for the division thereof shall run east and west,

and the corners and contents of quarter-quarter sections, which may thereafter

be sold, shall be ascertained, as nearly as may be, in the manner and on the

principles directed and prescribed by the section preceding; and fractional sections

containing fewer or more than one hundred and sixty acres shall in like manner,

as nearly as may be practicable, be subdivided into quarter-quarter sections,

under such rules and regulations as may be prescribed by the Secretary of the

Interior (R. S. sec. 2397; 43 U. S. C. sec. 753).

All navigable rivers, within the territory occupied by the public lands, shall

remain and be deemed public highways; and, in all cases where

Rivers and streams. *ne Â°PPÂ°site banks of any stream not navigable belong to

different persons, the stream and the bed thereof shall be

common to both. (R. S. sec. 2476; 43 U. S. C. sec. 931).
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The public surveys shall extend over all mineral lands, and all subdividing of

surveyed lands into lots less than one hundred and sixty acres

Extension of pubiio may be done by county and local surveyors at the expense

?ands.yS Â°Ter mlner of claimants; but nothing in this section contained shall require

the survey of waste or useless lands (R. S. sec. 2406; 43 U. S. C.

sec. 766).

The Director shall cause to be surveyed all private land claims after they have

been confirmed by authority of Congress, so far as may be

survey of private necessary to complete the survey of the public lands. (R. S.

land clalma. ^ ^ 1925> ^ ^ m4; ^ ^ g c ^ ^

Whoever in any manner, by threats or force, shall interrupt, hinder, or prevent

the surveying of the public lands, or of any private land claim

Penalty for inter- which has been or may be confirmed by the United States, by

ruptlng surveys. ^e persons authorized to survey the same, in conformity with

the instructions of the Director, Bureau of Land Management,

shall be fined not more than $3,000, and be imprisoned not more than three

years. (Act of Mar. 4, 1909, sec. 58, 35 Stat. 1099; 18 U. S. C. sec. 112).

Whenever the President is satisfied that forcible opposition has been offered,

or is likely to be offered, to any cadastral engineer in the

neer^^marsbaTo'f discnarKe of his duties in surveying the public lands, it may

district be lawful for the President to order the marshal of the State

or district, by himself or deputy, to attend such engineer with

sufficient force to protect such officer in the execution of his duty, and to remove

force should any be offered (R. S. sec. 2413; Mar. 3, 1925, 43 Stat. 1144; 43 U. S. C.

sec. 774).

LEGISLATION SUBSEQUENT TO THE REVISED STATUTES

7. Legislation subsequent to the Revised Statutes has brought

about (a) authority for the purchase of metal or other equally dur-

able monuments, to be employed in place of native material to mark

public-land corners; (6) penalty for the destruction of monuments

of the public-land surveys; (c) authority for necessary resurveys;

(d) authority for the employment of a permanent corps of United

States cadastral engineers; (e) authority for the reorganization of

the public survey offices; and (/) authority for the discontinuance

of the public survey offices when no longer necessary, and transfer

of certain records to the States.

The Act of May 27, 1908 (35 Stat. 347), provided "for the purchase of metal

Purchase of metal monuments to be used for public-land survey corners wherever

monuments. practicable".

Section 57 of the Criminal Code of 1909 (35 Stat. 1088, 1099; 18 U. S. C. sec.

Penalty for the de- provides a penalty for the unauthorized alteration or

struetlon of survey removal of any Government survey-monument or marked

monuments. -

trees, as follows: ,

"Whoever shall willfully destroy, deface, change, or remove

to another place any section corner, quarter-section corner, or meander post, on

any Government line of survey, or shall willfully cut down any witness tree or
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neer by mars al of. • 
district. be la'wful for the PreSIdent to order the marshal of the State 

or district, by himself or deputy, to attend such engineer with 
sufficient force to protect such officer in the execution of his duty, and to remove 
force should any be offered (R. S. sec. 2413; Mar. 3,1925,43 Stat. 1144; 43 U. S. C. 
sec. 774). 

LEGISLATION SUBSEQUENT TO THE REVISED STATUTES 

7. Legislation subsequent to the Revised Statutes has brought 
about (a) authority for the purchnse of metal or other equally dur
able monuments, to be employed in place of native material to mark 
public-land corners; (b) penalty for the destruction of monuments 
of the public-land surveys; (c) authority for necessary resurveys; 
(d) authority for the employment of a pennanent corps of United 
States cadastral engineers; (e) authority for the reorganization of 
the public survey offic('s; and (j) authority for the discontinuance 
of the public survey offices when no longer necessary, and transfer 
of certain records to the States. 

The Act of May 27, 1908 (35 Stat. 347), provided "for the purchase of metal 
Purchaw of metal monument..'! to be used for public-land survey corners wherever 

monuments. practicable". 
Section 57 of the Crimina I Code of 1909 (35 Stat. 1088, 1099; 18 U. S. C. sec. 

Penalty ror the de- 111), provides a penalty for the unauthorized alteration or 
Btructlon or survey removal of any Government survey-monument or marked 
monuments. trees, as follows: • 

. "Whoever shall willfully destroy, deface, change, or remove 
to another place any section corner, quarrer-section corner, or meander post, on 
any Government line of survey, or shall willfully cut down any witness tree or 
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any tree blazed to mark the line of a Government survey, or shall willfully deface,

change, or remove any monument or bench mark of any Government survey,

6hall be fined not more than $250, or imprisoned not more than six months, or

both." 1

The Act of March 3, 1909 (35 Stat. 845) as amended June 25, 1910 (36 Stat.

884; 43 U. S. C. sec. 772), provides as follows:

ian(SUrTe7 "* pubUo "That the Secretary of the Interior may, in his discretion,

cause to be made, as he may deem wise under the rectangular

system now provided by law, such resurveys or retracements of the surveys of

public lands as, after full investigation, he may deem essential to properly mark

the boundaries of the public lands remaining undisposed of: Provided, That no

such resurvey or retraeement shall be so executed as to impair the bona fide

rights or claims of any claimant, entryman, or owner of lands affected by such

resurvey or retraeement."

The Interior Department appropriation Act of 1911 (June 25, 1910, 36 Stat.

Selection of rar- 703, 740), provided, under "Surveying the Public Lands":

veyors- "The surveys and resurveys to be made by such competent

surveyors as the Secretary of the Interior may select, * * *." This provision

of law brought to a close the practice of letting contracts for the making of the

public-land surveys.

The Act of September 21, 1918 (40 Stat. 965; 43 U. S. C. sec. 773), provides

authority for the resurvey, by the Government, of townships in which the dis-

posals exceed 50 percent of the total area. Such resurveys will be undertaken

only upon application of the owners of at least three-fourths of the privately

owned land in the township, and upon deposit of the estimated cost of the resur-

vey. The regulations under that act are contained in 43 C. F. R., sees. 281.10

to 281.16.

The Act of May 28, 1926 (44 Stat. 672; 43 U. S. C. sees. 25, 25a, 25b), provides

as follows:

"That whenever the last United States land office in any State has been or

On abolishment of hereafter may ^e abolished tne Secretary of the Interior be,

land offices in state, and he is hereby, authorized to transfer to the State within

Wtra^OTedtheret<f wn'ch such United States land office was or is situated such

transcripts, documents, and records of the office aforesaid

as may not be required for use of the United States and which the State may desire

to preserve.

"Sec. 2. That when the public surveys in any State have been so far completed

that in the opinion of the Secretary of the Interior it is no longer

Field notes, of sur- necessary to maintain a public survey office in said State, he

over'tifthe State"â�¢ may turn over to the State the field notes, maps, plats, records,

and all other papers appertaining to land titles in such public

survey office that may not be needed by the United States and which the State

may elect to receive.

"Sec. 3. The transcripts, documents, records, field notes, maps, plats, and

Provision for safe- otner PaPers mentioned In sections 1 and 2 of this act shall in

keeping required. do case be turned over to the authorities in any State until

such State has provided by law for the reception and safekeep-

ing of same as public records, and for the allowance of free access to the same by

the authorities of the United States."

On July 16, 1946, the Bureau of Land Management was established

in the Department of the Interior in'accordance with the President's

Keorganization Plan No. 3 of 1946. Under that plan, the General
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Land Office was abolished and its functions transferred to the new

Bureau; the office of the United States Supervisor of Surveys, to-

gether with the field surveying service (known as the cadastral engi-

neering service), was abolished and the functions transferred to the

Secretary of the Interior.

Order No. 2225, July 15, 1946, by the Secretary of the Interior,

provided that the functions and powers of the General Land Office,

and the United States Supervisor of Surveys, together with the field

surveying service, be exercised by the Director of the Bureau of Land

Management, subject to the direction and control of the Secretary,

through such officers or units of the bureau as might be designated.

In the organization of the new Bureau of Land Management, the

Branch of Engineering and Construction has been created in the

headquarters office. In so far as the work of surveying the public

lands is concerned, that branch develops programs of required sur-

veys and resurveys and has technical supervision, through the regional

administrators, over the administration of such programs by the field

organization. The chief of the branch acts as consultant to the

Director in the formulation of policies, programs, standards, and

procedures of cadastral engineering.

The field activities of the bureau have been grouped in seven regions

as outlined in section 9.

GENERAL RULES

8. From the foregoing synopsis of congressional legislation it is

evidentâ��

First. That the boundaries and subdivisions of the public lands as surveyed

under approved instructions by the duly appointed engineers, the physical evi-

dence of which survey consists of monuments established upon the ground, and

the record evidence of which consists of field notes and plats duly approved by

the authorities constituted by law, are unchangeable after the passing of the title

by the United States.

Second. That the physical evidence of the original township, section, quarter-

section, and other monuments must stand as the true corners of the subdivisions

which they were intended to represent, and will be given controlling preference

over the recorded directions and. lengths of lines.

Third. That quarter-quarter-section corners not established in the process of

the original survey shall be placed on the line connecting the section and quarter-

section corners, and midway between them, except on the last half mile of section

lines closing on the north and west boundaries of the township, or on other lines

between fractional or irregular sections.

Fourth. That the center lines of a regular section are to be straight, running

from the quarter-section corner on one boundary of the section to the correspond-

ing corner on the opposite section line.

Fifth. That in a fractional section where no opposite corresponding quarter-

section corner has been or can be established, the center line of such section must
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be run from the proper quarter-section corner as nearly in a cardinal direction

to the meander line, reservation, or other boundary of such fractional section, as

due parallelism with section lines will permit.

Sixth. That lost or obliterated corners of the approved surveys must be restored

to their original locations whenever it is possible to do so. Actions or decisions

by surveyors, Federal, State, or local, which may involve the possibility of changes

in the established boundaries of patented lands, are subject to review by the State

courts upon suit advancing that issue.

These basic provisions require that the public lands "shall be divided

by north and south lines run according to the true meridian, and by

others crossing them at right angles, so as to form townships six miles

square;" that "the townships shall be subdivided into sections, con-

taining as nearly as may be, six hundred and forty acres each;" and

that "the excess or deficiency shall be specially noted, and added to or

deducted from the western and northern ranges of sections or half

sections in such townships, according as the error may be in running

the lines from east to west, or from south to north" (R. S. 2395;

Mar. 3, 1925, 43 Stat. 1144; 43 U. S. C. sec. 751).
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In this rectangular plan the township boundaries are to be due

north and south or due east and west; these are the cardinal lines of the

four principal geographic directions. The boundaries running north

and south are termed "range lines"; with few exceptions the range

lines are run on cardinal; and have been, or were intended to be on

cardinal. The east and west boundaries are called merely " township

lines"; these were intended to be on true parallels.

At certain intervals, in the normal order, the township lines are run
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as standard parallels; the remainder by "random and true line" be-

tween established township corners, departing not over 21' of angle

from the cardinal; the locations are controlled primarily by the

measurements along the range lines. The early methods differed

considerably, and frequently resulted in there being established two

sets of corners along the township boundaries.

The range lines converge; this becomes manifest in the measurement

of the township lines. The convergency is taken up at intervals by

the running of standard parallels, on which the measurements are

again made full. On the latter "correction lines", as these were first

named, there are offsets in the range lines and two sets of corners;

"standard corners" for the lines to the north; "closing corners" for

the lines to the south. The fractional measurement along a range

line when intersecting a standard parallel is placed in the north half-

mile, with a lotting in the sections according to that measured length.

The usual interval between the standard parallels has been 24 miles,

but there were many exceptions in the older surveys.

The range lines are great circles of the earth and, if extended, would

intersect at the north pole. The standard parallels and township

lines are small circles of the earth, always equidistant, or intended to

be, and are parallel to the equator. These features are best illustrated

by the cardinal lines on a globe. The solar transit gives the orienta-

tion instrumentally, for running these lines. Other methods must be

employed for running the parallels of latitude if an instrument without

the solar unit is employed.

In order to make the sections "square miles", as nearly as may be,

in the usual plan, the meridional lines are run, and for a long time

have been run, from south to north and parallel to the east boundary

of the township, or intended to be parallel, for a distance of 5 miles

counting from the south boundary. These are run and monumented

as true lines; the remainder of the section lines are all run by "random

and true" between the established section corners, and within the

21-minute limit.

This produces the rectangular sections; of these 25 contain 640 acres

each, within the allowable limit. The sections along the north and

west boundaries are subdivided on a plan for certain lottings to

absorb the excess or deficiency in the measurements, and the con-

vergency. This is illustrated in the diagram of the normal township.

These sections provide a maximum number of aliquot parts, i. e.â��

160-, 80-, and 40-acre units, or regular subdivisions of a section; the

remainder by lottings as shown, whose contents are computed accord-

ing to the field measurements.

The above completes an outline of the rectangular system. It

should be emphasized that errors of the approved surveys cannot be

8
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corrected after the title has passed. The technique of making the

observations, and the running and measurement of the lines, has of

course greatly improved with the modern instruments and practice.

Methods are provided, as will be explained in detail in chapter III,

by which the discrepancies or inaccuracies of the older surveys are

not extended into the new surveys.

THE REGIONAL AND PUBLIC SURVEY OFFICES

9. The direction of the public land surveys is conducted through

the regional offices of the Bureau of Land Management, by the

regional Branch of Engineering and Construction under the admin-

istrative supervision of the regional administrator. The authority

over field operations exercised by regional Branch is limited by the

regulations and instructions issued by the Director to the regional

administrator. One or more public survey offices may be located

within each region; each is under the administrative supervision

of the regional administrator.

Many changes in the arrangement of surveying districts have been

required from time to time, principally to accord with the enlargement

of the public domain, to keep up with the progress of settlement, and

to take care of major surveying activities of the period, which are now

centered in the western states and Alaska. Within this active area, the

original records pertaining to the survey and resurvey of the public

lands, the mineral-patent surveys, and the private land claims and

grants, are filed in the regional field office or public survey office of the

state in which the lands are situated. The public survey offices are

usually under the administrative charge of an office cadastral engineer.

The field regions of the Bureau of Land Management are as follows:

1. Washington, Oregon, and Idaho, with headquarters at Portland,

Oregon.

2. California and Nevada, with headquarters at San Francisco,

California.

3. Montana, Wyoming, North Dakota, South Dakota, Nebraska,

Kansas, Iowa, and Missouri, with headquarters at Billings, Montana.

4. Utah and Colorado, with headquarters at Salt Lake City, Utah.

5. Arizona, New Mexico, Texas, Oklahoma, Arkansas, and Louisi-

ana, with headquarters at Albuquerque, New Mexico.

6. All the remaining states with headquarters at Washington, D. C.

7. Alaska, with headquarters at Anchorage.

THE STATE OFFICES

10. The original records have been transferred to the States where

the public land surveys have been completed, excepting Oklahoma.

In most respects duplicate copies are on file in Washington. The
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Director of the Bureau of Land Management exercises all administra-

tive authority in questions relating to the remarking of the boundaries

of the remaining public land, where resurvey is required, and in the

extension of the surveys to include parcels of public land in any manner

heretofore omitted from the official surveys.

The 29 States have been created out of the public domain;

their boundary descriptions8 are given in the enabling acts as cited

below, the references being to the United States Statutes at Large,

by volume and page.

Alabama.â��Included in the territory of the original 13 States and

admitted into the Union December 14, 1819 (3 Stat. 608); records

transferred to the Secretary of State at Montgomery.

Arizona.â��Included in the lands ceded by Mexico in 1848 and the

Gadsden purchase in 1853; admitted into the Union February 14,1912

(36 Stat. 557; 37 Stat. 1728); public survey office at Phoenix.

Arkansas.â��Acquired under the Louisiana Purchase in 1803 and

admitted into the Union June 15,1836 (5 Stat. 50); records transferred

to the Commissioner of State Lands at Little Rock.

California.â��Ceded by Mexico in 1848 and admitted into the Union

September 9, 1850 (9 Stat. 452); public survey office at Glendale;

regional office at San Francisco.

Colorado.â��Acquired largely under the Louisiana Purchase in 1803,

but including additional land, title to which was quieted through treaty

with Spain in 1819, with other lands annexed with Texas in 1845, and

lands ceded by Mexico in 1848; admitted into the Union August 1,

1876 (18 Stat. 474; 19 Stat. 665); public survey office at Denver.

Florida.-â��Ceded by Spain in 1819 and admitted into the Union

March 3, 1845 (5 Stat. 742); records transferred to the Commissioner

of Agriculture at Tallahassee.

Idaho.â��Acquired with the Oregon Territory, title to which was

established in 1846, and admitted into the Union July 3,1890 (26 Stat.

215); public survey office at Boise.

Illinois.â��Included in the territory of the original 13 States and

admitted into the Union December 3, 1818 (3 Stat. 536); records

transferred to the Auditor of State at Springfield.

Indiana.â��Included in the territory of the original 13 States and

admitted into the Union December 11, 1816 (3 Stat. 399); records

transferred to the Auditor of State at Indianapolis.

â�  For an extended treatment of the boundary subjects, the territorial acquisitions, treaties with the for-

eign sovereignties, etc., see H. Doc. No. 113, 71st Cong., 1st sess., entitled "Boundaries, Areas, Geographic

Centers, and Altitudes of the United States and the Several States," by Edward M. Douglas, Geological

Survey Bulletin 817, U. 8. Department of the Interior: Superintendent of Documents, Government Print-

ing Office, Washington, D. O.

See aiso the wall map of the United States: Superintendent of Documents, Government Printing Office,

Washington, D. O.
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below, the references being to the United States Statutes at Large, 
by volume and page. 

Alabama.-Included in the territory of the original 13 Stat.es and 
admitted into the Union December 14, 1819 (3 Stat. 608); records 
transferred to the Secretary of State at Montgomery. 

Arizona.-Included in the lands ceded by Mexico in 1848 and the 
Gadsden purchase in 1853; admitted into the Union February 14, 1912 
(36 Stat. 557; 37 Stat. 1728); public survey office at Phoenix. 

Arkansas.-Acquired under the Louisiana Purchase in 1803 and 
admitted into the Union June 15, 1836 (5 Stat. 50) ; records transferred 
to the Commissioner of State Lands at Little Rock. 

Calijornia.-Ceded by Mexico in 1848 and admitted into the Union 
September 9, 1850 (9 Stat. 452); public survey office at Glendale; 
regional office at San Francisco. 

Colorado.-Acquired largely under the Louisiana Purchase in 1803, 
but including additional land, title to which was quieted through treaty 
with Spain in 1819, with other lands annexed with Texas in 1845, and 
lands ceded by Mexico in 1848; admitted into the Union August 1, 
1876 (18 Stat. 474; 19 Stat. 665); public survey office at Denver. 

Florida.-Ceded by Spain in 1819 and admitted into the Union 
March 3, 1845 (5 Stat. 742); records transferred to the Commissioner 
of Agriculture at Tallahassee. 

ldaho.-Acquired with the Oregon Territory, title to which was 
established in 1846, and admitted into the Union July 3, 1890 (26 Stat. 
215); public survey office at Boise. 
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admitted into the Union December 3, 1818 (3 Stat. 536); records 
transferred to the Auditor of State at Springfield. 
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admitted into the Union December 11, 1816 (3 Stat. 399); records 
transferred to the Auditor of State at Indianapolis. 

I For an extended treatment of the boundary subjects, the territorial acquisitions, treaties with the for
eign sovereignties, etc., see H. Doc. No. 113, 7lst Cong., 1st 5E'SS., entitled "Bound.ar1es, Areas, Geographic 
Centers, and Altltudea ot the United States and the Several States," by Edward M. DOUilas, Geological 
Survey Bulletin 817, U. S. Department 01 the Interior: Superintendent of Dooumenta, Government Print
Ing OMce, WashfnltoD. D. O. 

See alIo the waU map ot tho UnIted States: Supertntendent of Documents, GOverDlDll1t PrtnUDa 01lloe, 
Wub1n&too. D. O. 
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Iowa:â��Acquired under the Louisiana Purchase in 1803 and admitted

into the Union December 28, 1846 (9 Stat. 117); records transferred to

the Secretary of State at Des Moines.

Kansas.â��Acquired under the Louisiana Purchase in 1803'and with

lands annexed with Texas in 1845; admitted into the Union January

29, 1861 (12 Stat. 126); records transferred to the Auditor of State

and Register of State Lands at Topeka.

Louisiana.â��Included in the Louisiana Purchase in 1803 and bound-

ary extended to include additional lands, title to which was quieted

through treaty with Spain in 1819; admitted into the Union April 30,

1812 (2 Stat. 701); records transferred to the Register of State Lands

at Baton Rouge.

Michigan.â��Included in the territory of the original 13 States and

admitted into the Union January 26, 1837 (5 Stat. 144); records trans-

ferred to the Director, Department of Conservation, at Lansing.

Minnesota.â��Included in the territory of the original 13 States,

and with lands acquired under the Louisiana Purchase in 1803; ad-

mitted into the Union May 11,1858 (11 Stat. 285); records transferred

to the Secretary of State at St. Paul.

Mississippi.â��Included in the territory of the original 13 States

and admitted into the Union December 10, 1817 (3 Stat. -472); records

transferred to the Commissioner of State Lands at Jackson.

Missouri.â��Acquired under the Louisiana Purchase in 1803 and

admitted into the Union August 10,1821 (3 Stat. 645, 3 Stat. Appendix

II); records transferred to the Secretary of State at Jefferson City.

Montana.â��Acquired under the Louisiana Purchase in 1803 and with

the Oregon Territory, title to which was established in 1846; admitted

into the Union November 8, 1889 (25 Stat. 676, 26 Stat. 1551); public

survey office at Helena; regional office at Billings.

Nebraska.â��Acquired under the Louisiana Purchase in 1803 and

admitted into the Union March 1, 1867 (14 Stat. 391, 820); records

transferred to the Commissioner of Public Lands and Buildings at

Lincoln.

Nevada.â��Ceded by Mexico in 1848 and admitted into the Union

October 13, 1864 (13 Stat. 30, 749); public survey office at Reno.

New Mexico.â��Included with lands annexed with Texas in 1845, with

lands ceded by Mexico in 1848, and the Gadsden Purchase in 1853;

admitted into the Union January 6, 1912 (36 Stat. 557, 37 Stat. 1723);

public survey office at Santa Fe; regional office at Albuquerque.

North Dakota.â��Included in the territory of the original 13 States,

and with lands acquired under the Louisiana Purchase in 1803; ad-

mitted into the Union November 2, 1889 (25 Stat. 676, 26 Stat. 1548);

records transferred to the State Engineer at Bismarck.
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Oklahoma.â��Acquired under the Louisiana Purchase in 1803 and

with lands annexed with Texas in 1845; admitted into the Union

November 16, 1907 (34 Stat. 267, 35 Stat. 2160); records filed with

the Bureau of Land Management at Washington, D. C.

Ohio.â��Included in the territory of the original 13 States and

admitted into the Union April 30, 1802 (2 Stat. 173); records trans-

ferred to the Auditor of State at Columbus.

Oregon.â��Included in the Oregon Territory, title to which was

established in 1846; admitted into the Union February 14, 1859 (11

Stat. 383); regional office at Portland.

South Dakota.â��Included in the territory of the original 13 States,

and with lands acquired under the Louisiana Purchase in 1803;

admitted into the Union November 2, 1889 (25 Stat. 676, 26 Stat.

1549); records transferred to the Commissioner of School and Public

Lands at Pierre. The plats of the mineral patent surveys of South

Dakota are filed in the public survey office in Denver, Colo., and the

necessary mineral surveys are directed from that office.

Utah.â��Ceded by Mexico in 1848 and admitted into the Union

January 4, 1896 (28 Stat. 107, 29 Stat. 876); regional office at Salt

Lake City.

Washington.â��Included in the Oregon Territory, title to which was

established in 1846; admitted into the Union November 11, 1889 (25

Stat. 676, 26 Stat. 1552); public survey office at Olympia.

Wisconsin.â��Included in the territory of the original 13 States and

admitted into the Union May 29, 1848 (9 Stat. 233); records trans-

ferred to the Commissioners of Public Lands at Madison.

Wyoming.â��Included with lands acquired under the Louisiana

Purchase in 1803, with lands annexed with Texas in 1845, with lands

included in the Oregon Territory, title to which was established in

1846, and with lands ceded by Mexico in 1848; admitted into the

Union July 10, 1890 (26 Stat. 222); public survey office at Cheyenne.

Territory of Alaska.â��Ceded by Russia in 1867; public survey office

at Juneau; regional office at Anchorage.

The Manual Supplements

Standard Field Tables

11. There was published in 1910 by the General Land Office, as a

pocket field book, a compendium of tables and formulas entitled

"Standard Field Tables." The volume embraces the data useful to

engineers engaged on cadastral surveys, especially in subdividing the

public lands. The Standard Field Tables are issued as a supplement

11
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to the Manual. The contents of the sixth edition (1942) are as

follows:

1. Units of linear measure, units of area, expansion of steel tapes,

and conversion tables, chains to feet and feet to chains.

2. Reduction in latitude to south boundary of township, and cor-

rections for convergency within a township.

3. Traverse table, for the correction of random lines.

4. Traverse tables.

5. Correction of error in stadia wire interval.

6. Stadia coefficients, vertical rod.

7. Natural sines and cosines.

8. Natural tangents and cotangents.

9. Logarithmic sines, cosines, tangents, and cotangents.

10. Logarithms of numbers.

11. Convergency of meridians, and differences of latitude and longi-

tude.

12. Azimuths of the tangent to the parallel.

13. Offsets from the tangent to the parallel.

14. Azimuths of the secant.

15. Offsets from the secant to the parallel.

16. Lengths of arcs of the earth's surface.

17. Apparent time of sunrise and sunset.

18. Conversion tables, dgrees to time, and time to degrees.

19. Sidereal conversions, and reductions to the local mean time of

upper culmination of Polaris, including the meridian passage

of the equatorial stars.

20. Mean refractions in zenith distance.

21. Coefficients to apply to mean refractions for variations in barom-

eter and temperature.

22. Coefficients for computing errors in azimuth due to small errors

in declination or latitude.

23. Mean refractions in polar distance.

24. Trigonometric formulas for the solution of plane triangles.

25. Trigonometric formulas for the solution of stadia measurements,

observations for time, latitude and azimuth, and problems in

convergency.

26. The arpent and vara units.

27. Conversions: Chains and links to feet.

28. Conversions: Feet to chains and links.

11

18 MANUAL 011' SURVEYING INSTRUcrIONS 

to the l\.{anual. The contents of the sixth edition (1942) are as 
follows: 

1. Units of linear measure, units of area, expansion of steel tapes, 
and conversion tables, chains to feet and feet to chains. 

2. Reduction in latitude to south boundary of township, and cor-
rections for convergency within a township. 

3. Traverse table, for the correction of random lines. 
4. Traverse tables. 
5. Correction of error in stadia wire interval. 
6. Stadia coefficients, vertical rod. 
7. Natural sines and cosines. 
8. Natural tangents and cotangents. 
9. Logarithmic sines, cosines, tangents, and cotangents. 

10. Logarithms of numbers. 
11. Convergency of meridians, and differences of latitude and longi-

tude. 
12. Azimuths of the tangent to the parallel. 
13. Offsets from the tangent to the parallel. 
14. Azimuths of the secant. 
15. Offsets from the secant to the parallel. 
16. Lengths of arcs of the earth's surface. 
17. Apparent time of sunrise and sunset. 
18. Conversion tables, dgrees to time, and time to degrees. 
19. Sidereal conversions, and reductions to the local mean time of 

upper culmination of Polaris, including the meridian passage 
of the equatorial stars. 

20. Mean refractions in zenith distance. 
21. Coefficients to apply to mean refractions for variations in barom

eter and temperature. 
22. Coefficients for computing errors in azimuth due to small errors 

in declination or latitude. 
23. Mean refractions in polar distance. 
24. Trigonometric formulas for the solution of plane triangles. 
25. Trigonometric formulas for the solution of stadia measurements, 

observations for time, latitude and azimuth, and problems in 
convergency. 

26. The arpent and vara units. 
27. Conversions: Chains and links to feet. 
28. Conversions: Feet to chains and links. 

11 
Original from 

UN IVERS ITY 0 F CAU FORN IA 



THE GENERAL PLAN

19

Ephemerit of the Sun, Polaris, and Other Selected Stars, With Companion

Data and Tables

12. The astronomical data for the stellar and solar observations

by which to determine the true meridian, as practiced by the cadastral

engineers and conforming to the Manual methods and examples, are

published annually in advance, in a supplement that bears the above

title. The methods are primarily for tbe operation of the General

Land Office solar transit, comparing its orientation with observations

on the sun, Polaris, and the brighter stars by which to make the

needed instrumental adjustments and tests. This includes also a

determination for the direction of any line that is to be run without

the use of the solar unit, and for the verification of all lines as required.

In this practice the data for the sun are required in terms of the

daily apparent positions for the Greenwich meridian; for all stellar

positions in terms of the Greenwich meridian, mean time and mean

time intervals.

The Ephemeris of the sun and Polaris, in this form, was first pub-

lished by the General Land Office in 1910. The data has since been

extended to include the following contents:

Astronomical Data

The daily positions of the sun and Polaris.

A list of the selected stars and star chart.

The semi-monthly positions of 28 bright stars.

Azimuths of Polaris at all hour angles.

Azimuths of Polaris at elongation.

Latitudes by an altitude observation of Polaris at any hour angle.

Explanations for finding the stellar positions, and use of the equations

for the reduction of observations.

Tabic*

Refractions in zenith distance, and the sun's parallax.

Conversion of time to arc.

Conversion of arc to time.

Sidereal conversions: sidereal into mean solar interval;

mean solar into sidereal interval;

Greenwich meridian to longitude of station.

Natural sines, cosines, and tangents, 4-place, for finding the vertical

and horizontal angles of a star.
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Example

A supplemental explanation on preparing for the observations, and

graph of the natural trigonometric sines, cosines, and tangents,

for use in finding the vertical and horizontal angles of a star.

Restoration of Lost or Obliterated Corners and Subdivision of Sections

13. A third supplement to the Manual bears the above title; it is

addressed primarily to county and local surveyors and others who

may have occasion to retrace the lines of the public land surveys,

and to subdivide the sections. The subject matter under that title

first appeared in the decisions of the Department of the Interior,

1 L. D. 339; 2d edition, 1 L. D. 671 (1883); there have been several

revisions and extensions, the latest in 1939.

In the general plan for the public land surveys it is provided that

"all subdividing of surveyed lands into lots less than 160 acres may

be done by county and local surveyors at the expense of the claimants"

(R. S. sec. 2406; 43 U. S. C. sec. 766); this to be according to the

rules for the subdividing of sections as heretofore shown, and as

represented upon the official plat.

After the title to the lands passes into private ownership, the prop-

erty comes under the jurisdiction of the State law, which is controlling

in regard to the principles, or rules for surveying, and the procedure

that is to be followed in the retracement, identification, and remarking

of the boundaries; the interpretations are to be found in the opinions

and decrees of the State courts.

On many occasions and in varying situations, there is an over-

lapping of the surveying work that is required, though the distinction

in jurisdiction is clear; this is brought to the attention of all through

the medium of this supplement.

The subjects are treated in four parts, as follows:

Foreword.â��A statement concerning the jurisdiction, the original

records, and the general rules.

Restoration of lost or obliterated comers.â��The specific rules that are

applicable after the evidence has been fully developed.

Subdivision of sections.â��The rules when all necessary corners on

the section boundaries are in position.

Retracements.â��Explanation of the technique found by experienced

surveyors to be the most generally successful in the recovery of the

evidence of the early public land surveys.

A limited amount of additional material has been added in response

to frequent inquiries on the subject of meander lines and riparian

rights, though the points are not strictly within the scope of the main

title.
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the specifications for the ascertainment of the length and direction of

lines. A common standard is intended for all surveying districts.

There is provided ample freedom of choice of methods best suited to

the job in hand. The regional engineers and all reviewing officers will

be guided by these specifications.

In active field operations, the tests and various observations may be

made at such times as will least interfere with the progress of the

survey. In most cases ample instrumental tests are made prior to

the organization of the field party; after that, the chief of party is

required to continue the necessary observations and tests to insure that

the instruments are being maintained in good adjustment.

As to the field notes, let it be recognized that county and other

surveyors most concerned with the retracement and identification of

the fines, and the public generally, including the legal and engineering

professions, manifestly are entitled to a complete record of the survey,

one that describes all essential field operations and is admissible as

evidence in formal court proceedings, bearing official approval.

The examples are explicit as to the entries that are required in the
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field tablets, and as to the summarized results which are to be carried

to the transcribed field notes.

Basic examples are given in the text for the methods most frequently

employed, in order to clarify these fundamentals. Additional

examples are given in the Manual appendix for reference purposes,

segregated from the text so as to simplify the showing of the require-

ments.

MEASUREMENTS

15. In land surveying, the distance between two points, or length of

line, means the horizontal distance. On sloping ground, the tape may

be held horizontally, or supported in that position, using a plummet at

the end which is higher than the surface, for the projection of the tape

length to the ground.

Where the ground is uneven, or sloping sharply, the measurement

may be made more accurately along the slope, the tape being held taut

at proper tension, both ends at or near the surface, which will give the

distance on the slope between those points; the latter value is then

reduced (mathematically) to the equivalent true horizontal distance.

In this method, the slope measurement multiplied by the cosine of the

vertical angle of that interval of the slope equals the true horizontal

distance between those points.

The law prescribes the chain as the imit of linear measure for the

survey of the public lands, and all returns of measurements are to be

made in true horizontal distances, in miles, chains, and links.

Units of linear measure Units of area

1 chain = 100 links. 1 acre=10 square chains.

= 66 feet. =43,560 square feet.

1 mile = 80 chains. 1 square mile=640 acres.

= 5,280 feet.

The chain, arpent, and vara units.

The link chain, and the long steel-ribbon tape.

Manual Appendix II.

16. Each engineer will be provided with a standard and an assort-

ment of 1-, 2-, 5-, or 8-chain steel tapes.,. The standard tape will

be employed for comparison with the field tapes, in order that errors

in the latter may be noted and corrected. An affirmative statement

is required in the transcribed field notes to the effect that the party

chief has tested the tape in the required manner.

It is essential to the record of a survey to state briefly at the be-

ginning of the field notes, with every set of returns, the general

manner of making the measurements in that survey. The usual

plan is the steel tape measurement. It is required that the data be

entered in the regulation field tablets with all necessary complete-
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ginning of the field notes, with every set of returns, the general 
manner of making the measurements in that survey. The usual 
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entered in the regulation field tablets with all necessary complete-

14 

Dig ize b 
Original from 

UNIVERSITY OF MINNESOTA 



INSTRUMENTS AND METHODS 25

ness. The field tablets will show all necessary offsets, triangulations,

or stadia measurements. Where the length of an interval of the line

has not been duly determined, or verified, by steel tape measurement,

the detail of the triangulation or stadia measurement will be carried

to the transcribed field notes. Such detail may be omitted from the

transcribed notes where a triangulation or stadia measurement has

been made as a check against error in the steel tape distance. Like-

wise, where a triangulation has been verified by a stadia measure-

ment, or vice versa, only the one that is regarded as giving the best

value will be carried to the transcribed field notes.

The field notes thus exhibit the manner of making all measure-

ments. The record should be such that another engineer retracing

any line can substantially duplicate the procedure adopted in the

survey.

The following paragraph is illustrative of the record to be made

in the field notes:

"Unless otherwise specified all measurements are made with a

[maker] steel tape 8 chains in length compared with a [maker]

standard steel tape and found correct. The measurements are made

on the slope, the vertical angle determined, and the slope measure-

ments properly reduced to true horizontal distances."

Additional examples, specimen field notes, Manual Appendix VIII.

The Long Steel Tape

17. The approved method of measurement involves the use of

steel ribbon tapes from 2 to 8 chains in length; in its use the tape is

properly alined and stretched; the measurements are made on the

slope at any convenient distance up to the length of the tape as

limited by the changes in slope. The vertical angles of moderate

slopes are determined by clinometer; the very steep or sharp slopes

are determined with the transit. The slope distances are then re-

duced to true horizontal, the entire operation being suitably recorded.

It is not considered necessary to exhibit in the transcribed field notes

any but the true horizontal distances, omitting details, except where

precise measurements are made of various bases for special use.

As the slope measurements are to be reduced to true horizontal

equivalents, the slope angles must be carefully determined, either by

clinometer or transit. The order of entry in the field tablet is first,

the measurement on the slope; second, the vertical angle; third, the

correction for the slope; fourth, the horizontal distance. Plus dis-

tances are entered (fifth) for the items of topography that are inter-

mediate between the points of line measurement. An entry is made

(sixth) for the difference in elevation for each interval as measured;

700004*â��47 8

17

INSTRUMENTS AND METHODS 25 

ness. The field tablets will show all necessary offsets, triangulations, 
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this is expressed in the foot unit, in order to conform with the con-

ventional practice in topographic surveying. Example, section 20.

Where the elevation above sea level is known (or has been ascer-

tained approximately) for the point of beginning, the value is placed

at the top of the column. The plus or minus differences are then

applied, giving the elevation above sea level for each measured point,

and showing at once the crossing of any desired contour.

The reductions are supplied with whatever accuracy may be re-

quired for the class of survey (sec. 234), and to keep within the al-

lowable tolerance. The linear tolerance may be as little as 2.0 links

(1.32 feet), or up to a maximum of 12.5 links (8.25 feet) per mile,

depending upon the class of survey, and as tested both by the basic

standards of length and direction of lines, and by the error of closure.

The smaller limit is attainable by the methods prescribed, depending

upon the exercise of care in all detail.

18. The following is an example of both field-tablet and tran-

scribed record for the use of the long steel tape and clinometer; reduc-

tions by the use of the traverse tables (table 4, Standard Field Tables):

Field record

Dis-

tance

on

slope

Mean

verti-

cal

angle

True

horizon-

tal dis-

tance

Inter-

mediate

meas-

ure-

ment

Differ-

ence in

eleva-

tion

Transcribed field notes

Claim

Chains

Chains

3.80

Chains

Chains

10.30

North, bet. sees. 19 and 24.

4. SO

2.20

-12M*

-17H"

4.398

2.098

-0.95

-.66

Desc. 155 ft. over NW. slope, through

scattering timber and dense under-

growth.

6.70

6.496

7.917

-.75

Dry gulch, course W.; asc. 295 ft. over

8W. slope.

8.00

+8M*

+.75

+1.15

14.70

6.20

+imÂ°

14.413

5.835

+2.10

â�¢

20.90

3.30

+7%'

20.248

3.270

+.44

24.20

8.00

23.618

7.949

0.00

23.50

Spur, slopes W.; desc. 185 ft. to M sen.

-mm

1.20

1.90

-0.91

24.70

25.40

cor., over NW. slope.

Road, bears E. and W.

Leave undergrowth.

32.20

3.70

-10HÂ°

31. 467

3.641

1.15

-.66

-1.21

32.60

40.00

Enter heavy Umber, bears NW. and SB.

35.90

6.00

-14 â�¢

35.108

4.851

40.90

.04

0 â� 

39.959

.04

40.94

40.00

40.00

40.00

Point for the M sec cor of sect. 19 and 24.

Set an iron post, etc
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this is expressed in the foot unit, in order to conform with the con
ventional practice in topographic surveying. Example, section 20. 

Where the elevation above sea level is known (or has been ascer
tained approximately) for the point of beginning, the value is placed 
at the top of the column. The plus or minus differences are then 
applied, giving the elevation above sea level for each measured point, 
and showing at once the crossing of any desired contour. 

The reductions are supplied with whatever accuracy may be re
quired for the class of survey (sec. 234), and to keep within the al
lowable tolerance. The linear tolerance may be as little as 2.0 links 
(1.32 feet), or up to a maximum of 12.5 links (8.25 feet) per mile, 
depending upon the class of survey, and as tested both by the basic 
standards of length and direction of lines, and by the error of closure. 
The smaller limit is attainable by the methods prescribed, depending 
upon the exercise of care in all detail. 

18. The following is an example of both field-tablet and tran
scribed record for the use of the long steel tape and clinometer; reduc
tions by the use of the traverse tables (table 4, Standard Field Tables): 

Field record 

Df&. Mean True 
tance vert 1- horizon-

on cal taldf&. 
slope angle tance 

ClaiM C'AaiM 

4.50 -12~e 4. 398 
2.20 -17~o 2.098 

6.70 6. 496 

8.00 +8~e 7.1117 

14.70 14.413 
6.20 +111~· Ii. 835 

20.90 20.248 
3.30 +rn· 3.270 

24. 20 23.618 

8.00 _8j.ie 7.949 

32.20 31.467 
3. 70 -10~o 3.641 

35.90 35.108 
5.00 -14 • 4.851 

40.90 39.959 
.04 II 0 .04 

40.94 40.00 

40.00 40.00 
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Cham. CAldM 

-0.95 
-.66 

3.80 -.75 

+.75 
+1.15 

+2.10 

+.44 

0.00 

1.20 
1.00 

-0.111 

LUi 
-.66 

-1.21 

TranscrIbed field notes 

Chain. North. bet. 1801. III and 2&. 
Desc. 1M ft. over NW. slope, throuch 

scattering timber and dense under-
growth. 

10.30 Dry~ch. 00UI'I8 W.; ua. 296 tL ... 
8 • slope. 

23.50 Spur. slopes W.; deso. 185 ft. to U ... 
cor., over NW. slo{;: 

24.70 Road, bears E. and • 
25.40 Leave underarowt.h. 

32.60 Enter heavy timber, bears NW. and U. 

40.00 Point for the U eec.. oar of IIICL lSI and U. 
Set an iron poa, eta. 
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19. A simplification of the reduction of measurements on the slope

is obtained by the use of two diagrams constructed on cross-section

paper, as follows: The first with the vertical lines representing inter-

vals of 20 links measurement on the slope to 2, 5, or 8 chains to suit

the length of tape used; the horizontal lines representing the correction

in links to be made from the measurement on the slope to obtain the

true horizontal distance; slanting lines are drawn to represent various

degrees of slope scaled to the proper points for the correction for the

full length of the tape. The second diagram is constructed with the

vertical lines representing similarly the measurement on the slope in

the chain unit; the horizontal lines in this diagram representing the

difference in elevation in feet, at intervals of 5 feet; slanting lines are

drawn to represent various degrees of slope scaled to the proper points

for the differences of elevation for the full length of the tape (figs.

1 and 2).

20. The following is an example of record for the use of the long

steel tape and clinometer; reductions by the use of the diagrams:

Field record

Measure-

ment on

slope

Vertical

angle

Correc-

tion for

slope

Hori-

zontal

distance

Plus dis-

tanco

Differ-

ence in

elevation

Distance

North, bet. sees. 19 and 24.

Desc. 155 ft. over NW. slope,

through scattering timber

and dense undergrowth.

Transcribed field notes

Chains

Degrees

-12M

-17M

Chains

Chains

4.40

2.10

Chains

3.80

Feet

-60

-45

Chains

10.30

4.60

2.20

0.10

.10

6.70

.20

.08

6.50

7.92

-50

Dry gulch, course W.; asc.

295 ft. over SW. slope.

8.00

+8M

+1M

+7H

+50

+75

14.70

6.20

.28

.37

14.42

6.83

+140

20.90

3.30

.65

.03

20.26

3.27

+30

24.20

8.00

.68

.03

23.52

0.00

23.50

Spur, slopes W.; desc. 185 ft.

to M sec. cor., over NW.

-Â«H

7.95

1.20

1.90

-60

24.70

25.40

slope.

Road, bears E. and W.

Leave undergrowth.

32.20

3.70

-10M

-14

0

.73

.06

31.47

3.64

1.18

-45

-80

32.60

Â«0.00

Enter heavy timber, bears

NW. and SB.

35.90

5.00

.79

35.11

4.85

.15

40.90

.04

.94

.00

39.96

.04

40.94

.94

40.00

Point for the H sec. eor. of

sees. 19 and 24.

Set an iron post, etc.

21. By skillful use of the long steel tape on the slope, with correct

determinations of the vertical angle, and proper reductions from the
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for the differences of elevation for the full length of the tape (figs. 
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20. The following is an example of record for the use of the long 
steel tape and clinometer; reductions by the use of the diagrams: 

Field record 

Measure- Corree- Horl· Differ- Distance Transcribed field notes 
ment on Vertical tion for zontal Plus dis- cnce in 

elope angle slope distance tance elevation 

. North, bet. sees. 19 and 24 . 
Dcse. 155 ft. over NW. slope, 
through scattering timber 

CMi1ll Degreu CAaim Chaim Chaim Fed Chain. and dense undergrowth. 
4.liO -12~ 0.10 4.40 -60 
2.31 -m~ .10 2.10 -45 

6. 70 .31 6.liO 3.80 -50 10.30 Dry gulch, course W.; 
~ ft. over SW. slope. 

asc. 

8.00 +S14 .08 7.92 t~ 
14. 70 .28 14.42 
6.31 +19~ .37 5.83 +140 

:110.90 .M 31.26 
8.30 +rn .03 3.27 +30 

24.31 .68 23.112 0.00 23.M Spur, slopes W.; desc. 1M ft. 
to ~ sec. cor., over NW. 

1.20 24. 70 
slope. 

Road, bears E. and W. 
1.00 25.40 Leave undergrowth. 

8.00 -I~ .06 7.93 -60 

82. 20 .73 31.47 1.111 32. 60 Enter heavl timber, bears 
NW.and E. 

8.70 -1Ol4 .06 3.64 -45 

85.90 .79 35.11 
6.00 -14 .111 4.85 -SO 

40.90 .94 39.96 
.0. 0 .00 .04 

40.14 .14 40.00 10.00 Point for the 14 sec. cor. 01 
sees. 19 and 24. 
Set an Iron post, etc. 

21. By skillful use of the long steel tape on the slope, with correct 
determinations of the vertical angle, and proper reductions from the 
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Slope Measurement in Chains.

V 2SÂ° &'

Fig. I.

Reduction from the slope to the horizontal
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Slope Measurement in Chains.

0 12 3 4

275

Fig.2.

Reduction for difference of elevation.

21

100 

125 

150 

175 

200 

225 

250 

275 

INSTRUMENTS AND METHODS 29 

Slope Measurement in Chains. 
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slope to the true horizontal distance, the engineer obtains one of the

most rapid and reliable methods of measurement. It is essential to

make all reductions for distance as the work progresses, but the addi-

tional information regarding the amount of the ascents and descents

is readily obtainable from the record at the convenience of the engineer.

Stadia Measurements

22. Under proper safeguards the stadia method of measurement

affords a useful and reliable means of overcoming the difficulties of

obtaining correct distances across water and over precipitous slopes

that can not be reached with the tape. It is required that the wire

interval or ratio be determined in the field by frequent tests under

working conditions in comparison with steel tape measurement,

solving the formula given in the Standard Field Tables (p. 221) for

the value of the wire ratio with the horizontal distance known. The

record of the stadia tests should be given in the field notes. It is

essential to accurate stadia work that rods of approved construction

be used, together with two targets and a properly adjusted rod level

to secure true vertical readings; the readings at all times must be

restricted to suitable atmospheric conditions and to distances per-

mitting exact bisections of the targets. Possible criticism of the use

of the stadia method is found in the failure to observe proper details

and not in the reliability of the method if skillfully followed.

23. It is desirable to state briefly at the beginning of the field

notes, with every set of returns, the general plan of making stadia

measurements. The following paragraphs are illustrative of the

character of such record:

"All stadia measurements are made with fixed stadia wires with a

ratio of 1:132Â±, as exhibited by the tests shown in the field notes;

the focal constant of the instrument is 1.2 links; the rod used is a

standard Philadelphia level rod graduated to feet and equipped with

two targets and a rod level; all readings are made with a vertical rod."

"All stadia measurements are made with fixed stadia wires with a

ratio of 1:100Â±, as exhibited by the tests shown in the field notes;

the focal constant of the instrument is 1.2 links; the rod used is a

standard Troy level rod graduated to feet and equipped with two

targets and a rod level; all readings are made with a vertical rod."

24. Notation used in stadia measurements:

Hor. dist.: The true horizontal distance from the center of the in-

strument to the rod.
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Diff. elev.: The true vertical distance from the height of the instru-

ment to the center point between the two targets of

the rod.

"r": Vertical rod reading.

"v": Observed vertical angle.

"K": The wire interval or ratio.

"c": Distance from the center of the instrument to the object glass.

"f: Distance from the plane of the cross-wires to the object glass.

Hor. dist.=jKr cos* t>+ (c+/) cos v.

Diff. elev.=i& H shi 2v+(c+f) sin v.

Hor. cf/st.

Diff. elev.

Fig. 3.

25. In table 6, Standard Field Tables, the natural functions "cos2 v"

and "% sin 2v" are tabulated by intervals of 2' for all angles from

0Â° 0' to 28Â° 0'; these values become natural coefficients of the rod

reading in the use of the vertical rod. In the same table are tabu-

lated the natural products "(c+/)cos v" and "(c+f) sin v," for three

values of "(c-\-f)" which may be considered as expressed in either the

link or foot unit as convenient.

26. In public-land surveying it is convenient to have fixed stadia

wires with a ratio of 1:132, so that the sum of two rod readings in

feet will be equivalent to a ratio of 1:66, or a reduced distance in

chains; it is also convenient to reduce the error in the wire interval

to the error in 10 chains, and to eliminate the error by applying to

the reduced distance the proper correction taken from the table of

proportional parts (table 5, Standard Field Tables).

INSTRUMENTS AND METHODS 31 

Di1f. elev.: The true vertical distance from the height of the instru
ment to the center point between the two targets of 
the rod. 

ur": Vertical rod reading. 
"rI' : Observed vertical angle. 
UK": The wire interval or ratio. 
Cle": Distance from the center of the instrument to the object glass. 
"i": Distance from the plane of the cross-wires to the object glass. 
Hor. dist.=Kr cos' 0+ (e+ i) cos 0. 

Diff. elev. r=Kr " sin 20+ (c+ i) sin 0. 

. -- --- .. 

Fig.3. 

25. In table 6, Standard Field Tables, the natural functions "cos2 v" 
and "~ sin 20" are tabulated by intervals of 2' for all angles from 
0° 0' to 28° 0'; these values become natural coefficients of the rod 
reading in the use of the vertical rod. In the same table are tabu
lated the natural products U(c+f)cos v" and "(c+f) sin v," for three 
values of U(c+j)" which may be considered as expressed in either the 
link or foot unit as convenient. 

26. In public-land surveying it is convenient to have fixed stadia 
wires with a ratio of 1:132, so that the sum of two rod readings in 
feet will be equivalent to a ratio of 1 :66, or a reduced distance in 
chains; it is also convenient to reduce the error in the wire interval 
to the error in 10 chains, and to eliminate the error by applying to 
the reduced distance the proper correction taken from the table of 
proportional parts (table 5, Standard Field Tables). 
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27. Example of test of stadia wire interval, the approximate ratio

being 1:132, and the focal constant 1.2 links:

Field record

Measurement of base by steel tape

and clinometer

Mean

vertical

angle

-4MÂ°

Distance

on slope

Chains

3.90

8. (X)

2.20

True

horizontal

distance

Total base

Focal constant

Stadia base

Chains

3.8S8

7.998

2.180

14. HM

.012

Mean rod reading

Coefficient for 0Â°40'

0.0001X6.9985

rcos'p

927.664

K 6.9978-132-551

Measured base

= 14.054 chs.

-927.564 ft.

=0.9999;

Vertical rod

reading

Feet

6.

6.

7.

6.

7.

7.

6.

6.9978

6. 9985.

â� mean rod reading.

13.997 â��equivalent 1:06.

13.997 X0.9999=13.9961

(c+/)= .012/

Error In 14.008 chs. by stadia

Error in 10.00 chs. by stadia

-14.006 chs.

0.058 chs.

0.041 chs.

Transcribed field notes

June 11,1945,1 make the following test of the

stadia wire interval:

Horizontal length of base =14.066 chs.

Mean of 10 rod readings â�� 6.9985 ft.

Vertical angle of of test = â�� 0Â°40'

.K-132.551

Reduced error in 10 chs. =4.1 Iks.

All corrections to be added to the distances

given by the stadia.

28. The error of the wire interval having been determined for a

distance of 10 chains, the proportional error for any distance from 1

to 20 chains may be taken from table 5, Standard Field Tables,

thus eliminating all complex steps from the ordinary reductions

of field observations.

Emphasis is placed upon the necessity for the above tests for

accurate stadia work, and attention is directed to the probability

that successive tests will show slightly increasing or decreasing

values of the wire interval; this is with reference to the usual spider-

web cross wires. The platinum cross wires should give a nearly

constant ratio. It is not considered necessary to record in the trans-

scribed field notes any but the basic elements of stadia observations,

omitting the details of the reductions.

29. The following example of record, with reductions added, is

adapted to the instrument showing the above test of the wire inter-

val, ratio 1:132 with an error of 4.1 links in 10 chains, and focal con-

stant 1.2 links.
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27. Exftmple of test of stadia wire interval, the approximate ratio 
bring 1 :132, and the focal constant 1.2 links: 

I 

Field record I 
Measurement of base by steel tape 

and clinometer Transcribed field notes 
Vl'rtical rod 

Mean True reading 
vertical Distance horizontal 
angle on slqpe distance 

C1Iainl Chain! Feet June 11, 1945, I Dlake tbe (ollowlng test of the 
_4~o 3.00 3.8S8 6.992 stadia wire Interval: 
-Hio 8.00 7.1I!l8 6.9\j8 Horizontal length of base -l4.OMchs. 
+n~o 2.20 2. 180 7.002 Mean of 10 rod readings - 6.99&ft. 

---- 6.995 Vertical angle of of test _ -0°40' 
Total base = 14.0;1; 7.003 K-132.1i61 
Focal constant = .012 7.004 Reduced error In 10 cbs. -4.1 lb. 

6.997 
Stadia base .. 14.054 chs. 6.005 All corrections to be added to the dill&anCIII 

7.001 given by the stadia. .. .. -927. 564 ft. 6.998 
--

Mean rod readinJ!: .. 6.9985 
eoemclent for 0°40' eO. 9999; 
0.OOOlX6.9985 "" .0007 

--
r 0082 1/ - 6.0078 

--
927.564 

K~8"13~551 

Measured base -a.cw chs. 

~: :}-mean rod reading. 
--
13.007 -equ!va1"nt t :66. 
13.997 XO. 9999",,13. 996} 

(c+f)- .012 14.008 chao 

-- --
Error In 14.008 cbs. by stadia - 0.058 cbs. 
Error In 10.00 cbs. by stadia - 0.041 cbs. 

" 
28. The elTor of the wire interval having been determined for a 

distance of 10 chains, the proportional error for any distance from 1 
to 20 chains may be taken from table 5, Standard Field Tables, 
thus eliminating all complex steps from the ordinary reductions 
of field observations. 

Emphasis is placed upon the necessity for the above tests for 
accurate stadia work, and attention is directed to the probability 
that successive tC'sts will show slightly increasing or decreasing 
values of the wire interval; this is with reference to the usual spider
web cross wires. The platinum cross wires should give a nearly 
constant ratio. It is not considered necessary to record in the trans
scribed field notes any but the basic elements of stadia observations, 
omitting the details of the reductions. 

29. The following example of record, with reductions added, is 
adapted to the instrument showing the above test of the wire inter
val, ratio 1 :132 with an error of 4.1 links in 10 chains, and focal con
stant 1.2 links. 
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Field record

Transcribed field notes

Chains

12.60

N. 0Â°02' W., bet. sees. 15 and 16.

Descend gradually over mountainous land.

Rim of canyon, bears NW. and SE.; precipitous descent of

1.104

3.212

170 ft.

Stadia to left bank of creek: 3.194 and 3.212 ft.,-26Â°44'.

Stadia to right bank of creek: 3.448 and 3.432 ft., -24Â°10/.

Stadia to right rim of canyon: 4.914 and 4.895 ft., +4Â°58'.

6.406X0.7976=5.109

Error+ .021

(c+/)cosp+ .011

12.60 +5.14 chs.

6. 406X0. 4018=2. 574 chs.

DitT. elev. =170 ft.

3.448

3.432

17.74

Left bank of creek, 62 Iks. wide, course NW.

6.880X0.8324=5.727

Error+ .024

(c+/)cosr+ .011

12.60 +5.76 chs.

5.14 chs.

18.36

Eight bank of creek; precipitous ascent of 225 ft. to rim of

canyon.

Width of creek =0.02 chs.

4.914

4.895

9.809X0.9925=9.735

Error+ . 040

(c+/)cost .012

12.60 +9.79 chs.

9.809X0.0863=0. 847 chs.

- 66 ft.

+170 ft.

22.39

Rim of canyon, bears NW. and SE.; asc. gradually.

Diff. elev. =226 ft.

30. Attention is directed to the fact that in making the above

reductions in the chain unit, wire ratio 1:132, the process is at once

resolved into taking the sum of the two rod readings in feet mul-

tiplied by the proper coefficient for vertical angle, to which product

are applied the corrections for the error in the wire interval and for

the horizontal value of the focal constant. As two rod readings

should always be taken, one as a check upon the other, the entire

operation becomes very simple. It should also be noted that in

computing the difference of elevation no correction has been made

for the height of the instrument above the ground, nor for the mean

height of the rod reading; these corrections are compensating and

ordinarily may be neglected. Therefore, in ordinary work in com-

puting differences of elevation by the stadia method it is permissible

to neglect the height of the instrument above the ground, the mean

height of the rod reading, the error in the wire interval, and the term

' {fi-\-f) sin v." These factors should be applied for close results.

31. Many engineers prefer the conventional stadia wire ratio 1:100

generally adopted in miscellaneous surveying practice, using a rod
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Field record Transcribed field notes 

3.194 
3. 212 

6.406XO.7976"6.109 
Error+ .021 

(c+f) cos 17+ .011 

12. 60 +5.14 cbs. 
6. 406XO. 4018-2. 674 chs. 

Dlif. elev. =170 Ct. 
3.448 
3.432 

6. 88OXO. 8324=5. 727 
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(c+f) cos ,+ .011 

12. 60 +5.76 chs. 
5.14 chs. 

Width of creek -0.62 chs • 
.. 914 
4.895 
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(c+f) cos II .012 

12. 60 +9. 79 cbs. 
9. 809XO. 0863-0. 847 cbs. 

- 66 ft. 
+170 ft. 

Di1f. elev. =226 ft. 
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Stadia to right blWk of creek: 3.448 and 3.432 ft., -24°10'. 
Stadia to right rim of canyon: 4.914 Ilnd 4.895 ft., +4°58'. 

17.74 Left blWit or creek, 621ks. wide, course NW. 

18.36 Right bank of creek; precipitons 88Cent of 225 ft. to rim of 
canyon. 

22.39 Rim of canyon, bears NW. and BE.; IISC. gradually. 

30. Attention is directed to the fact that in making the above 
reductions in the chain unit, wire ratio 1 :132, the process is at once 
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for the height of the instrument above the ground, nor for the mean 
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31. Many engineers prefer the conventional stadia wire ratio 1 :100 
generally adopted in miscellaneous surveying practice, using a rod 
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34 MANUAL OF SURVEYING INSTRUCTIONS

graduated to feet. With an instrument so fitted for public-land

surveys, in which the chain unit of horizontal distance is stipulated

by law, the reduction is simplified by ascertaining the logarithm of

' K"

, rod in feet and horizontal distance in chains, accomplishing

66

the reduction of "K r cos2 v" by logarithmic functions.

Stadia-wire ratio 1:100; example of test.

Stadia-wire ratio 1:100; form of field-note record.

Manual Appendix II.

32. Most of the Bureau of Land Management surveying instruments

are equipped with fixed stadia wires of the ratio 1:132, which has been

found well adapted to all practical purposes for which used, and

permits the use of standard double-target stadia and level rods

graduated to feet.

In authorizing the use of the stadia method in the public-land

surveys it is not contemplated that this will be made a substitute

for steel tape measurement where the latter is practicable, but rather

that the stadia method may be used where natural obstacles are

encountered over which the distance may be more accurately measured

by the stadia than otherwise, provided that every safeguard is duly

observed.

The detail will be incorporated in the field notes as provided in

sections 16, 35, 253, and 254.

33. A number of the models B and C General Land Office solar

transits have been equipped with vertical stadia wires (ratio 1:132), for

reading a rod that is held horizontally. More extensive field tests

will be required before the advantages in land-surveying practice, if

any, may be demonstrated. As the reduction to horizontal distance

is by the factor "cos v" (instead of "cos2 v" as where using the vertical

rod), it is evident that the horizontal stadia rod should give more exact

results on steep vertical angles. Identification and description of the

instrument models: Manual Appendix II, section 78.

If the sighting conditions are favorable, the stadia determination

may be checked (approximately) by using the 10 ft. rod horizontally as

a subtense bar, repeating the horizontal angle to secure a 10-second

value. (The improved accuracy in the sighting is possible with the

double cross-wires of this reticle, sec. 112.)

34. With the horizontal rod, the equations that are given in sec. 24

will take the forms as follows (both results in the chain unit if the

wire interval is 1:132, and if two rod readings are added as suggested

in usual practice):

Hor. dist. = (Kr + c+f) cos v

Diff. elev.= (.KT+c+/) sin v
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INSTRUMENTS AND METHODS 35

Triangulations

35. In making triangulations across water or over precipitous

slopes, judgment is required in the selection of the measured base,

so as to adopt the best possible geometric proportions of the sides

and angles of the triangle. A complete record of the measurement

of the base, the determination of the angles, the location and direc-

tion of the sides, and other essential details of the problem will be

required in the fieid notes, together with a small diagram to repre-

sent the triangulation. The method of triangulation at all times

must be sufficiently refined to produce reliable results. When neces-

sary to determine the value of an angle with a precision of less than

the least reading of the vernier, the method of repetitions will be

employed.

In the longer and more important triangulations all of the stations

should be occupied (if possible), and the several angles should be

repeated and checked to a satisfactory closure; the latter limit may

be kept within 0'20" by careful use of the one minute transit. If

the triangulation is verified by stadia or steel tape measurement, or

by double triangulation (two base lines), a simple statement to that

effect may be entered in the transcribed field notes, omitting much

or all of the detail; but if there has been no such verification, and in

all cases where the triangulation (or a stadia measurement) has been

made that passes over one or more regular corner positions, omitting

the monumentation, the detail must necessarily be set out in the

transcribed field notes for its indispensable value in subsequent

retracement or resurvey.

In line practice the chainmen are frequently sent through for steel

tape measurement over extremely difficult terrain, but with the length

of the interval verified by triangulation (or stadia). This is done

to secure the most exact determination of the length of the line,

duly checked, and to note the intervening topographic data. Where

there has been such verification of the length of line it will be un-

necessary, in most cases, to carry the detail to the transcribed field

notes, the entry being made that best expresses the plan of the survey

and the correct value for the length of line.

36. In its simplest form the method of repeating an angle consists

in sighting upon a station, A, with the vernier of the horizontal circle

set at zero; the angle is then turned to the second station, B; the

lower clamp is now loosened and the telescope again set upon station

A with the lower tangent motion without disturbing the angle first

turned, after which the upper clamp is loosened and the angle turned

a second time to station B. The angle is thus "repeated" two, three,

or more times, and finally the multiple angle is read, which, when
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in sighting upon a station, A, with the vernier of the horizontal circle 
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36 MANUAL OF SURVEYING INSTRUCTIONS

divided by the repeating factor, gives a value for the angle much

closer than the least reading of the instrument. For example, as-

sume an instrument reading to single minutes of arc, and that a

certain angle has been repeated five times with a resulting reading

of 124Â°32'; this gives a value of 24Â°54'24" for the angle, which if

skillfully done is unquestionably closer than a single reading. In

surveys which may require even greater precision both verniers are

read and the angle is repeated as nearly as practicable to one com-

plete turn of 360Â°, when both verniers are again read. The observer

then reverses the telescope, and duplicates the process by turning

the angle in the opposite direction, to eliminate instrumental errors,

and finally takes a mean of the resulting four readings, which is

divided by the proper factor. It is occasionally necessary in public-

land surveying to repeat angles by the latter method, but the former

is of more general use and will be found dependable and quickly

executed in most cases.

A somewhat different form of repetition is employed on a transit

traverse that is run by deflection angles and calculated courses. If it

is an ordinary traverse, with 10 to 20 or 30 turning points per mile,

where care is required to avoid accumulative errors, the best practice

calls for the several steps as follows: (1) at the forward station "B",

when occupied, sight to the back station "A", plates set at zero;

transit the telescope and turn to the next station "C", reading the

angle, the value being called the first reading; (2) release the lower

clamp, turn on the lower center to the back station "A", and make

another sighting, using the lower tangent motion (being careful not to

disturb the angle first turned); (3) again transit the telescope, loosen

the plate clamp and turn to station "C", reading the angle, the value

being called the double reading; (4) divide the latter by two for the

accepted value of the deflection angle. The plan eliminates an error

of collimation, and gives a much better value than by single deflection.

For longer sights, and where greater accuracy may be desired, the

double turning may be extended to 4, 6, 8, or 10, always an even

number, reading the first or single value, and the last or sum of the

turns, the latter to be divided by the number of the repetitions.

Basically, the repetition of angles has a two-fold purpose, only one

of which has been explained above, i. e.â��to obtain an angular value

better than a single vernier reading. The vernier of the one-minute

transit reads directly to one-minute or 60". When needed, the value

may be estimated to the nearest 30". By careful repetition a value
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INSTRUMENTS AND METHODS 37

down to Â± 10" may be ascertained. Authorities agree quite generally

that an increase in the number of the repetitions does not add mate-

rially to the accuracy or certainty of the result. The limit is usually

placed at six repetitions for the larger angles; ten for small deflection

angles. There is a convenience in the multiple of six repetitions, as

the division of an angle by six is very simple, with minimum chance of

error, thus: divide the degrees by six; the fractional remainder in the

degrees becomes the first figure of the minutes (as, for instance, 5X

60-^6=5X10; or 5Â° divided by 6=50'). Then divide the minutes by

six to obtain the second figure of the minutes; the fractional remainder

is the first figure of the seconds; etc.

The second purpose of a repetition, when needed, is to insure the

elimination of the residual instrumental errors of adjustment, gradua-

tion, setting of the plate verniers, and eccentricity of the line ojthe gradua-

tions with respect to the centers. This is accomplished through the

technique of the execution of the repetition. It is almost never

required in the normal execution of the land survey, as the limit of

tolerance of the land survey is usually well above whatever can be

gained by this technique. However, for this greater accuracy, when

desired or demanded by the surveying problem that is involved, three

sets of six repetitions should be made; one with the initial plate

setting at or near 0Â°, one with the initial plate setting at or near 120Â°,

one at or near 240Â°. In this plan, read and record the angles for both

the A and B verniers. Run this through with the telescope in the

direct position. After dividing the accumulated angles by six, there

will be three values for the A vernier, three for the B vernier. The

whole run is then made with the telescope in the reversed position,

turning the angles in the opposite direction. This will give twelve

indicated values for the angle, each calculated to 05"; the mean of the

whole should have an accuracy of Â±05", excepting that the sighting

or pointing, or optical performance, of the one-minute transit is not

designed to insure that accuracy. Improved sighting or pointing may

be secured with the reticle that is described in section 112.

37. The base lines for triangulations are to be carefully measured,

to tenths of links; the sum of the angles should be balanced to 180Â°,

or redetermined if the disagreement is found to exceed 1' of arc.

38. The following examples, with the reductions added, are designed

to illustrate the form of record of triangulations best suited for the

official field notes:
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(a) Field record

Transcribed field notes

Chain*

S. 89Â°56' W., od random line bet. sees. 19 and 30.

40.00

Set temp. M sec. cor.

Angles

72.20

Top of precipitous bluff; vertical angle to flag on random

60Â°35'

line--32Â°47'; auxiliary flag bears 8. 89Â°21' W.; from

flag on random line tbe auxiliary flag bears S. 3Â° 16' \v\,

12.80 chs. dlst.; all bearings checked by direct reading of

93 20

36 06

the solar, and all angles checked by deflection:

S.89'S6vV^976cA*,

lHrW

Ear. meas. of base by one chain

f~~ 7

tape-12.80 ens.

Dist-12.80 sin 3fiÂ°05'

Bin 60Â°3y

â�¢ * A

log 12.80 -L107210

,F aln 36Â°0S -9. 770087

0.877297

m A?

" Bin KP3V -9.887926

" 9.76 -0.989371

Dlst. by trt -9.76 chs.

1/

log hor. dlst. -0.989371

'r 66 -1.819544

Dlst. on random lino -72.20 chs

" tan32Â°47' -9.808916

Dlst. by triangulatlon - 8.76

" 415 -2.617831

81.96

Dlst. by return meas. - 2.84

Did. elev.-UBft.

79.12

78.13

Fall 14 Iks. to tbe left of the cor. of sees. IB, 24, 25 and 30 on

the W. bdy. of the Tp.

Thence

L7Â»

S. 89Â° 58' E., on a true line bet. sees. 19 and SO.

Ascend gradually In valley.

Base of bad-land bluff, bears N. and 8.; precipitous ascent

of about 400 ft.

e.92

Top of bad-land bluff, bears N. and 8.; thence over level

prairie.

(6) Field record

Note.â��Stadia wire ratio,

(e+/)-1.21ks.

1:132.651;

9.827

9.839

19.666

Errorâ��(-.082

(*+/) â��K012

Base = 19. 76

Angle*

79*11'

33 03

67 40

180Â°0O*

_, . ,â�� â�� sin 67Â°46'

D1St--,9J6 rtiTMrW

log 19.76

>r sin 67Â°46'

1. 295787

9.966447

" sin 33Â°03'

1.262234

9.736692

" 33.54

1.625542

Dist. by tri.

33.54 chs.

Transcribed field notes

At the meander cor. at 57.30 chs. bet sees. 16 and 17, a flag on

Indian Island bears N. 18Â°41' W.; a point on a rock In the lake

bears S. 82Â°08' W., stadia base to this point: 9.827 and 9.839 ft.,

level, measured base impracticable; from point on island, flag

on rock in lake bears 8. 14Â°22' W.; all bearings checked by

direct reading of the solar, and all angles checked by deflection:

Length of base

From meander cor. to island

â�¢10.76 chs.

-33.54 chs.

/3.76 chs.

At the above point for an auxiliary meanaer cor. in see. 8 on

Indian Island from which the meander cor. at 57.30 chs. bet.

sees. 16 and 17, bears 8. 18Â°41' E., 33.64 chs. dlst.; I

Set a limestone, 28 x 10 x 6 Ins., 21 ins. In the ground, mkd. 8 8

on N., and A M C on 8. face; from which

A spruce, 14 ins. diam.. bears N. 42HÂ° E., 69 Iks. dlst., mkd.

T67NR43WS8AMCBT.

A fir-balsam, 9 ins. diam., bears N. 14MÂ° W., 38 Iks. dlst., mkd.

T67NR43W88AMOBT.

38

38 MANUAL OF SURVEYING INSTRUCTIONS 

(a) Field record Transcribed field notes 

Aflglu 
60"36' 
93 :In 
3606 

C'IIoin8 
40.0!l 
72. :In 

S. 89°56' W .• on random line bet. S8C1I. 19 and 30. 
Set temp. W sec. cor. 
Top of preclpltoUl blutf; vertical &nile to 8ac on raDdom 

llne--32"47'; auxlllRry = 8 •• 21' W.; from 
tiag on random Une the am bean 8. 3"16' W. 
12.80 cbs. dlst.; all beariI1g8 chec ~y direct readiDI Oi 
the IOlar, aDd aU anglp8 chpf'kpo hy ilpfll'Ctlon: 

180"00' 

Hor. meas. of baM by one chain 
tape-12.80 cbs. 

DIsL-12.8O sin 311°06' 
aiD 60"36' 

101 12.80 -1.107210 
• lin 36"08' -9.770087 

0.8772117 
.. dDW"U' -9.887928 

.. 9.78 -0.989371 
Dist. by trI. -9.76 cbs. 

101 hor. dlst. -0.989371 
• 66 -1.8UI6« .. tan 32".7" -9.808916 .. 4111 -2. 617831 
D~. e1eT.-4111 ft. 

(b) Field record 

NOTE.-Stadla wire ratio. 1:132.l1li1; 
(e+n -1.2 lb. 

9.827 
9.839 

19.666 
Error-t· 082 
(c+J)- .012 

Base-19.76 

Anol. 
N°tl' 
3303 
6746 

180"00' 

sin 67°46' 
Dlst.-t9.76 sin 33003' 

10119.76 
• sin 67°48' 

.. sin 33°03' 

.. 33.54 

Dist. by trI. 

88 
19 ize b 

- 1. 295787 
- 11.966447 

1.262234 
- 11.736692 

- 1.525M2 

-33.54chs. 

79.12 

L711 

Cl.G2 

$.8S~!1.76. 

Dl'lt. on randoD line 
Dist. by triangulation 

-n~obs 
- 9.78 

81.118 
-2.84 

79. 12 
FaU 14 lb. to the left of the oor. oIl11C1. 19. 24. 211 aDd SO on 

the W. bdy. of the Tp. 
Thence 
8. 89° 68' B •• on a true Une bet. 1IeQI. 19 aDd 10. 
Ascend rradually In n.1ley. 
Base of bad·land bluff. bean N. and 8.; precipitous uaent 

of about 400 ft. 
Top of bad·land bluff. bean N. and 8.; thence over level 

prairie. 

Transcribed field notes 

At the meander cor. at 57.30 chs. bet 18CI. 16 and 17{ • ilaa on 
Indian Island bears N. 18°41' W.; a point on a rook n the lake 
bears S. 82"08' W., stadia bASe to tbla point: 9.827 and 9.839 ft •• 
level. measured base Impracticable; from point on laland, CIac 
on rock In lake bears B. 14°22' W.; all hearlngs checked by 
direct reading of the IOlar, and aIlaniles checked by de()ectlon: 

Length of base -19.76 cbs. 
From meander cor. to lalaDd -33.M obi. 

• ... .. 1 n 
S.B2 08,." t 

19. 76chs. 
At the above poInt for an auxiliary meanaer cor. In 1IeC. a on 

Indian I!liand from which the meander cor. at 67.~0 cbs. bet. 
sees. 16 and 17. bears B. 18°41' E .• 33.114 cha. dlst.; I 

Bet a limestone, 28 x 10 x 6 Ina., 21 Ina. In the ground, mkd. 8. 
on N .• and A M (' on B. fS(l8; from whlcb 

A spruce, 14 Ina. dlam.l.~ N. 42~0 E., 69 Ita. dlst •• mkd. 
T 67 N R 43 W B 8 A M C B T. 

A fir·balsam, 9 Ina. dl8Il!.z bears N. 14Wo W •• 381ka. dlat.. mkd. 
T67N R43W 88A M 0 BT. 
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39

(e)

Field record

K4Â°2o/

k%A- â�¢5V^--18Â°09'40"(-02")

245Â°13'

240Â°19'

81Â°44'20"(-09")

80Â°06'20"(-09")

Dlst.

log 16.427

" sin 80Â°00'H

180Â°00'20"(-20")

jjn80J06Mr'

"â�¢"'sin 18W38"

-1.215558

Â» -9.9934SS

" 18Â°09'38"

61.92

+27.80

79.72

1.20904fi

-9.493710

-1.71533C

Transcribed field notes

Chains

27.80

79.72

6th Ouide Meridian West, through T. 14 N., between Rs.

20 and 21 W.

North, bet. sees. 13 and 18.

Descend 225 ft. over NW. slope, through heavy timber

and dense undergrowth.

Point lor the meander cor, of sees. 13 and 18 on the south

shore of Grand Lake, which bears N. 62Â° E. and S. 48Â°

W.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the

ground, with brass cap mkd.

S 18

R20W

from which

A pine, 8 Ins. diam., bears N. 84^4Â° E.t 105 Iks. dist., mkd.

T 14 N R 20 W 8 18 M C B T.

A pine, 10 ins. diam., bears S. 26^4Â° W., 49 Iks. dlst., mkd.

T 14 N R 21 W S 13 M O B T.

To make a trlangulation across the lake I designate the

above meander cor. point A and set a flag B at point for

meander cor. on north shore of lake, also a flag C on the

north shore which from point A bears N. ihÂ°09'3s" E.;

the base B C bears S. 81Â°44'11" E., 16.427 chs. dlst.;

longer base impracticable; the angle subtended at poin}

C=80Â°06'u"; all angles by three repetitions with error

of 0'20" balanced to 180Â°.

Distance across Iake=51.92chs.

>Â£*/*Â«

Point for the meander cor. of sees. 13 and 18 on the north

shore of lake which bears 8. 82Â° E. and N. 75Â° W.

38
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(e) Field record 

MOW' 
AtA- ---18"OG'40"(-02'') 

3 
.. B_m o ls' _ 81o",2O"(-W') 

3 
.. C_~I9' _ 80"08'20"(-09") 

3 l8O"00'2O" ( -20'') 

Dtst. 
IollS.m 
.. a1n SOO06'll" 

.. .. l8"09'38" 

.. 61.82 
+27.80 

711.72 

1.2OIICM6 
-9.'93710 

-L716336 

Dig ize b 

'l'r!lllscrihed field notes 

Chain. 6th Oulde Meridian West, through T. 14 N., between Rs. 
20 and 21 W. 

North, bet. ~CII. 13 and 18. 
D~nd 22Ii ft. over NW. slope, through heavy timber 

and dense undergrowth. 
27.80 Point tor the meander corl ot sees. 13 and 18 on the south 

shore ot Orand Lake, wnlch bears N. 6~ E. and B. 48° 
W. 

711.72 

Bet an iron post, 30 Ins. long! 2 Ins. dlam., 24 Ins. In the 
ground, with brass cap mka. 

513518 
R 21 W R20W 

TI4N 
1915 fromwhieb 

A pine, 81n1l. dlam., bears N. 8"",° E., 105 lb. dlst., mtd. 
T 14 N R 20 W B 18 MOB T . 

A pine, 10 Ins. dlam;, bears B. 26j.i° W., '9ib. dlst., mkd. 
T 14 N R 21 W tlI3 MOB T. 

To mate a trlanculation across the lake I designate the 
above meander cor. point A and set a flag B at point for 
meander cor. on north shore at lake, also a flag C on the 
north shore which from point A bears N. 18°09'38" E.; 
the base B C bears B. 81°",11" E., \6.427 cbs. dlst.; 
longer base impracticable; the angle subtended at POinl 
C-SO°06'U"; aU angles by three repetitions with error 
of 0'20" balanced to 1800. 

Distance across Iake-51.Q2 cbs. 

c 

A 
Point tor the meander cor. ot sees. 13 and 18 on the north 

shore ot lake which bears S, 82° E. and N. 75° W. 
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39. In practical field work triangulations are made principally to

overcome the physical difficulties of measurement. Under the condi-

tions generally presented a right-angled triangle is likely to be less

desirable than an oblique triangle, as the latter may be selected to

fit the best location for the base line. A stadia base may sometimes

be superior to a measured base as, for example, in extremely rough

mountainous regions where possibly no obstruction would interfere

with a good stadia determination even though a steel tape measure-

ment of the same base might be almost impossible, or involve great

delay and expense. Under some conditions a double triangulation

by using two base lines may be highly desirable, one result as a check

upon the other, whereby the mean of the two would give a better

value; there should be a choice of the best method to suit the conditions

in each situation; this must be left to the judgment of the engineer.

INSTRUMENTS AND REQUIREMENTS AS TO

ADJUSTMENT

40. The direction of all lines of the public-land surveys will be

determined with reference to the true meridian as defined by the axis

of the earth's rotation. On the plan, it is intended that the direction

of all lines be stated in terms of angular measure referred to the true

north or south at the point of record. No departure from this rule

is authorized.

Beginning with the Manual of 1890 the use of the magnetic needle

was prohibited except in subdividing and meandering, and then only

in localities free from local attraction. The Manual of 1894 required

that all surveys of the public lands of the United States, embracing

all classes of lines, be made with reference to the true meridian,

independently of the magnetic needle; this prohibition against the

use of the compass was even more pronounced in the Manual of 1902.

In 1919, by partial publication of the Manual of 19,30, the use of the

needle compass as a means of determining the direction of lines of

the public-land surveys was unqualifiedly prohibited.

A field note record of the magnetic declination has always been

required in each survey, the value at the southeast corner of the town-

ship to be shown on the plat. The principal purpose of this record

is for its use in various local surveys and retracements, where a start

is to be made by the angular value of the magnetic north in relation

to the true north. Its accuracy in azimuth depends first upon the

care that is taken in recording the magnetic decimation, including its

daily variation, and the differences from one locality to another;

and second, in correcting the value to the date when used. Section

236, item 19.

39
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39. In practical field work triangulations are made principally to 
overcome the physical difficulties of measurement. Under the condi
tions generally presented a right-angled triangle is likely to be less 
desirable than an oblique triangle, as the latter may be selected to 
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be superior to a measured base as, for example, in extremely rough 
mountainous regions where possibly no obstruction would interfere 
with a good stadia determination even though a steel tape measure
ment of the same base might be almost impossible, or involve great 
delay and expense. Under some conditions a double triangulation 
by using two base lines may be highly desirable, one result as a check 
upon the other, whereby the mean of the two would give a better 
value; there should be a choice of the best method to suit the conditions 
in each situation; this must be left to the judgment of the engineer. 

INSTRUMENTS AND REQUIREMENTS AS TO 
ADJUSTMENT 

40. The direction of all lines of the public-land surveys will be 
determined with reference to the true meridian as defined by the axis 
of the earth's rotation. On the plan, it is intended that the direction 
of all Iincs be stated in terms of angular measure referred to the true 
north or south at the point of record. No departure from this rule 
is authorized. 

Beginning with the Manual of 1890 the use of the magnetic needle 
was prohibited except in subdividing and meandering, and then only 
in localities free from local attraction. The Manual of 1894 required 
that all surveys of the public lands of the United States, embracing 
all classes of lines, be made with reference to the true meridian, 
independently of the magnetic needle; this prohibition against the 
use of the compass was even more pronounced in the Manual of 1902. 
In 1919, by partial publication of the Manual of 1930, the use of the 
needle compass as a means of determining the direction of lines of 
the public-land surveys was unqualifiedly prohibited. 

A field note record of the magnetic declination has always been 
required in each survey, the value at the southeast corner of the town
ship to be shown on the plat. The principal purpose of this record 
is for its use in various local surveys and retracements, where a start 
is to be mode by the angular value of the magnetic north in relation 
to the true north. Its accuracy in azimuth depends first upon the 
care that is taken in recording the magnetic declination, including its 
daily variation, and the differences from one locality to another; 
and second, in correcting the value to the date when used. Section 
236, item 19. 

39 
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The use and test of the magnetic compass. Manual Appendix II.

41. On the plan of the rectangular surveys as outlined in sections 6

and 8, it has been required that the direction of all lines be stated in

terms of angular measure referred to the true north or south at the

point of record. These determinations are made many years in

advance of a geodetic control. Since the beginning of the public-land

surveys the direction of the lines have been based upon the observa-

tions made within the area of the survey, at the time of the survey,

by methods as provided in the several Manuals of Surveying Instruc-

tions. Until 1890 this included the use of the needle compass, com-

mon to the older land-surveying practice, though all needed restrictions

were intended. By the later methods, beginning from 1910, the

instrument that is found to be best suited to the public-land surveys

is the solar transit.

The performance that is required of the General Land Office

solar transit is for uniform orientation, within the usual hours of

observation, holding to within 1'30" of the true meridian. This

instrument is a light mountain engineer's transit, designed for mini-

mum weight, small dimensions, and compactness, all of which are of

extreme practical importance. All verniers read to single minutes,

and when needed may be estimated to the nearest 30". The dimen-

sions depend upon standard instrumental designs of American manu-

facture. All are provided with stadia wires; a prismatic eye-piece

for reading high vertical angles; a reflector for the illumination of the

cross wires for the stellar observations (when made after the twilight

period); and, a movable neutral-tint glass-shade mounted with the

dust cap of the eye piece for making the direct observations upon the

sun. A small number of the latest new instruments have been pro-

vided with a solar circle in the reticle of the main telescope, spaced on

a radius of 15'45". A description of the solar unit is given in sec-

tion 78; the solar circle, in section 112.

Adjustments of the General Land Office solar transit; Manual

Appendix II, sections 41 and 79.

42. Each field party will be supplied with one or more General

Land Office solar transits of approved construction and condition, the

model selected will be one suited to the type of country in the area of

the survey. There will be included in the transcribed field-note

record a description of the instruments employed, and an outline of

the methods that were used. For positive identification the descrip-

tion should give the firm name of the maker, and the maker's serial

number for that instrument.

The regional engineer maintains a record of each instrument, its

condition, adjustments, and service, and as a rule will require that all

instruments be thoroughly tested, preferably at headquarters prior

700004*â��47 1
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The use and test of the magnetic compass. Manual Appendix II. 
41. On the plan of the rectangular surveys as outlined in sections 6 

and 8, it has been required that the direction of all lines be stated in 
terms of angular measure referred to the true north or south at the 
point of record. These determinations are made many years in 
advance of a geodetic control. Since the beginning of the public-land 
surveys the direction of the lines have been based upon the observa
tions made within the area of the survey, at the time of the survey, 
by methods as provided in the several Manuals of Surveying Instruc
tions. Until 1890 this included the use of the needle compass, com
mon to the older land-surveying practice, though all needed restrictions 
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instrument that is found to be best suited to the public-land surveys 
is the solar transit. 

The performance that is required of the General Land Office 
solar transit is for uniform orientation, within the usual hours of 
observation, holding to within 1'30" of the true meridian. This 
instrument is a light mountain engineer's transit, designed for mini
mum weight, small dimensions, and compactness, all of which are of 
extreme practical importance. All verniers read to single minutes, 
and when needed may be estimated to the nearest 30". The dimen
sions depend upon standard instrumental designs of American manu
facture. All are provided with stadia wires; a prismatic eye-piece 
for reading high vertical angles; a reflector for the illumination of the 
cross wires for the stellar observations (when made after the twilight 
period); and, a movable neutral-tint glass-shade mounted with the 
dust cap of the eye piece for making the direct observations upon the 
sun. A small number of the latest new instruments have been pro
vided with a solar circle in the reticle of the main telescope, spaced on 
a radius of 15'45". A description of the solar unit is given in sec
tion 78; the solar circle, in section 112. 

Adjustments of the General Land Office solar transit; Manual 
Appendix II, sections 41 and 79. 

42. Each field party will be supplied with one or more General 
Land Office solar transits of approved construction and condition, the 
model selected will be one suited to the type of country in the area of 
the survey. There will be included in the transcribed field-note 
record a description of the instruments employed, and an outline of 
the methods that were used. For positive identification the descrip
tion should give the firm name of the maker, and the maker's serial 
number for that instrument. 

The regional engineer maintains a record of each instrument, its 
condition, adjustments, and service, and as a rule will require that all 
instruments be thoroughly tested, preferably at headquarters prior 
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to departure for the field, by the engineer who is to use the instru-

ment. Then, at an early date after the field observations and tests

have been made, which are attended to during the early stages of the

survey, the chief of party will prepare a memorandum (in the weekly

service report) for record information in the office, indicating satis-

factory working condition of the instrument, to be followed by subse-

quent report in case of the substitution of another instrument for

any reason.

43. The transcribed field-note record regarding the instrumental

tests should state the time and locality, and that (after the adjust-

ments have been duly completed) the instrument was in satisfactory

condition. Complete data will be entered in the field tablets, from

which an abstract will be prepared for the principal initial field observa-

tions and record of the orientation of the solar unit that is to be carried

forward to the transcribed field notes. This does not need to be

elaborate in detail, but it must include the essential facts, the purpose

being to supply the record qualification that the instrument was in

good order, and the data from which the basic observations may be

duly verified. The latitude and longitude of the station, and the

date or dates, are needed, the time of each recorded observation, and

the declination of the sun, or of any star in the equatorial belt, basic

to the use of the tables in the Ephemeris or for any of the equations.

This is exemplified in the many examples that follow.

44. When the strictly transit methods are employed without the

use of the solar unit, the fact will be stated. Transit methods are

required in every survey that calls for an accuracy much closer than

the tolerance of 1'30" which is permitted in solar orientation. Fre-

quently, in the extensive open spaces where there may be little or no

forest cover or tall undergrowth to interfere, transit methods may be

preferred to solar orientation, the latter not being used at all or else

just incidentally. The basic data for the observations will be carried

forward to the transcribed field notes. Most frequently the azimuth

determinations will be by observation on Polaris, or by altitude

observation on the sun, by one of the approved methods, and usually

a check determination. An altitude observation upon one or more of

the bright stars within the equatorial belt may be made supplemental

to, or substituted for the altitude observation upon the sun. This is

particularly useful for verification of the line of the survey at points

remote from the camp meridian. By the Manual methods the stellar

observations may be made during daylight or twilight in a clear sky.

Subsequent observations for the verification of the line of the survey

as carried forward will be duly recorded in the field tablets. A suit-

able memorandum will be included in the descriptive statement

called for in sec. 42.
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use of the solar unit, the fact will be stated. Transit methods are 
required in every survey that calls for an accuracy much closer than 
the tolerance of 1'30" which is permitted in solar orientation. Fre
quently, in the extensive open spaces where there may be little or no 
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the bright stars within the equatorial belt may be made supplemental 
to, or substituted for the altitude observation upon the sun. This is 
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45. The field tests of the solar unit are carried along continually.

This is done by comparing the orientation of the solar with a carefully

determined azimuth line that is based upon a Polaris observation, or

by altitude observation on the sun. Various combinations of these

methods are employed, and frequently coupled with one or more

observations upon a bright star, or stars, within the equatorial belt.

The record should be complete in the field tablets. As a rule, the

instruments are carefully checked and tested prior to departure for the

field, and then verified again at earliest opportunity on the survey,

followed subsequently by tests of one method or another almost daily,

and on the camp meridian at frequent intervals.

A closing statement in the transcribed field-note record should be

made to show appropriate attention to the above Manual require-

ments, all of them bearing upon the maintenance of the transit and

solar adjustments.

46. Before closing the subject of the entries that are required in

the field-note tablets and those that are to be carried forward to the

transcribed field notes, the term instrumental "index error" should be

defined, and the practice stated as to the field note record where it

involves this term.

An index error or index correction is the angular difference between

a vernier reading just as it is set and the true value as it would read

had the vernier been adjusted to exact position.

A warning is not inappropriate. The residual errors of adjustment

that are mentioned below may be much larger than might be assumed.

The only safe practice is to be thorough in making the complete tests,

and to be on constant alert for possible changes in the value of each

correction.

In transit operation, the index correction applies especially to the

residual error in the setting of the vernier of the vertical circle. This

includes also the residuals in the adjustment for sighting in the true

horizontal plane, both positions of the telescope, direct and reversed;

it includes in addition any needed further correction that may be

traceable to eccentricity in the mounting of the vertical circle. These

are fully treated in the transit adjustments, Manual Appendix II,

section 41.

The index corrections of the solar unit apply particularly to the

residual errors in setting the verniers of the latitude and declination

arcs. With both arcs, this includes also any additional differences

that may be determined by the tests away from the zero positions, the

latter being traceable to errors in the mounting of these arcs. The

index error of the latitude arc may be further defined, and more simply

treated as the difference between the instrumental latitude, noon

observation solar unit, and the true latitude of the station.
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A third index error may be employed with the solar unit (during the

preliminary stages of the tests of the adjustments) to represent the

angular difference between the vertical plane of the polar axis, when

the solar telescope is set and clamped in the latitude of the station,

and the vertical plane of the transit telescope.

The tests for the residual errors are fully explained in the adjust-

ments of the solar unit, Manual Appendix II, section 79.

It is generally regarded as better practice to carry an index correc-

tion, if small, rather than to disturb a vernier setting that is good in

other respects. The exact settings are difficult to make, frequently

do not hold as well as might be desired, and other factors may be

the cause of slight changes in the value of the correction. There is

much difference on detail of the adjustments between instruments of

the same model, otherwise exactly alike. The adding or subtracting

of an index error is to be regarded as just another step in careful

instrumental work, that is taken to ascertain the most dependable

values for observed vertical angle, and for the setting of the arcs. The

values of the corrections will be applied in the field-tablet record.

The steps for making these corrections will not be carried to the

transcribed field notes. This is the practice in order to avoid

confusion.

General Statement, Time, Latitude, Longitude, and Azimuth

47. When considering the following treatment of field methods of

determination of time, latitude, and azimuth, the engineer should bear

in mind that a small error, either in assumed latitude or azimuth,

produces only a slight effect in time, and when all are unknown the

order of sequence in their determination should be that of time,

latitude, and azimuth.

The longitudes that are shown upon the large wall map of the United

States, and those of the public-land States, published by the Bureau

of Land Management,1 refer to the zero meridian of the Royal Ob-

servatory at Greenwich, England. The map values for longitude may

be accepted for use in making any of the calculations incident to the

observations for time, latitude, and azimuth that are required with the

Manual practice. More exact longitudes may be secured from the

topographic maps of the United States Geological Survey, where those

maps are available. Precision in both latitude and longitude may be

secured wherever geodetic stations are available, established either

by the Geological Survey or by the United States Coast and Geodetic

Survey. To a large extent the cadastral survey has been carried for-

1 Superintendent of Documents: D. S. Government Printing Office, Washington, D. C.
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ward much in advance of the topographic and geodetic surveys.

Section 133.

The showing of latitude and longitude on the plat of the cadastral

survey should be extended to seconds if ties to a geodetic station

warrant that refinement.

The methods that are set out for a well-balanced observing program

are good for results within Â±6 seconds of time; Â±15" in latitude and

azimuth; when estimated vernier readings are made to the nearest

30"; due care to be given to all necessary refinements in the observing,

and in the reductions; these limits are with reference to the one-

minute graduation of the General Land Office solar transit, ordinarily

supplied to the field parties.

The college courses in applied field astronomy, or engineering

astronomy, are extremely helpful to an understanding of and famili-

arity with the methods herein set out, which are of course designed

especially for the Bureau of Land Management surveying practice.

The necessary definition of terms are not given in most cases. The

theory of the methods relating to the observations, and the derivation

of the many formulae, are not repeated in the Manual. The subjects

are treated with a view to securing the most direct practical results.

The methods are not difficult when coupled with practice in making

the observations. Until the steps become familiar it is helpful to

begin by doing the recording for an experienced observer, and then

to assist in making the reductions, checking and verifying the whole.

The methods are applied principally in observations upon the sun

and the north star, Polaris, and are arranged to facilitate the work

under most conditions encountered in the field. The tables and form-

ulas that are published in the Standard Field Tables, and in the Ephe-

meris, are designed primarily for the convenience of the cadastral

engineers in the field, and to encourage a general use of improved

methods, consistent at all times with the engineer's understanding of

the principles involved.

The bright stars in the equatorial belt may be employed to secure

additional refinements, and to verify results secured by observations on

the sun and Polaris. These stars may be selected for favorable position

in declination, at any date when the sun is either too low or too high for

the desired observation. The south declination stars are needed for

certain observations in Florida; the higher north declination stars, in

Alaska. The stellar methods are indispensable to a well-balanced

observing program whenever a higher accuracy is required.

All references to tables and formulas, or to the daily functions of

the sun or Polaris, and to the other stars that follow herein, are the

same as those shown in the supplements to the Manual. Conven-
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tional notations in the demonstrations that follow, agree with those

shown in the Standard Field Tables and the Ephemeris.

With reference to the subject of records of observations as the same

should appear in the transcribed field notes, it is necessary to state all

of the basic data, but usually unnecessary to include the process of

reduction. The field notes should be complete in every respect; it is

the purpose to insist upon this requirement without involving that

which is unessential to the record. It is unwarranted to make the

results by analytical reduction appear to be more accurate than

justified by the refinements of the observation upon which a deter-

mination is based. It is good practice not to discard the various small

elements, fractions or decimal parts of the calculated value until the

result is ascertained, the insignificant figures may then be discarded.

The reduced value in azimuth is usually reported in the nearest even

minute.

ANALYTICAL NOTATION, DECLINATION

AND REFRACTION

48. ?*: The symbol for approximation; this symbol signifies in-

equality, but it is used in a relation representing an inequality which

approaches equality.

49. v: Observed vertical angle; in altitude observations on the sun,

the reductions to the sun's center both vertically and horizontally,

as well as instrumental errors, are compensated by taking direct and

reversed observations on the opposite limbs of the sun. The mean

observed vertical angle to the sun's center will be designated v in the

notation. In single observations the vertical reduction to the sun's

center=16'; a refinement is had by referring to the Ephemeris

for the value of the sun's semi-diameter for the date of observation.

50. h: True vertical angle to the sun's center, or to Polaris, and to

any star. In altitude observations, after correction for refraction:

h=vâ��refraction in zenith distance; a refinement is had in altitude

observations on the sun by adding the value of the sun's parallax =

8".9 cos v, opposite in effect to refraction, which results from the

observer's position above the center of the earth.

f

51. f: Zeta: true zenith distance of the sun's center, and to any

star:

f=90Â°-A.
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star: 
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North

Pola

Fig. 4.

The "pole-jenith-sun" triangle as viewed from outside of the celestial sphere.

Examples of the relative use of v, refraction, parallax, h and f.

Field record

Transcribed field notes

Telescope

Watch

time

Horizontal

angle

Vertical

angle

Sun's

limbs

^

Dir.

Rev.

3'56-58-

3 58 48

65Â° 0/ 0"

64 45 0

25Â° 20' 0"

25 31 0

-k

Mar. 18, 1010,1 make an altitude observa-

tion upon the sun for time and azimuth,

making two observations, one each with

the telescope in direct and revgrsed posi-

tions, observing opposite limbs of the

sun.

Mean

3W-53-

64Â° 5? 30"

25Â° 25' 30"

25Â° 25' 30'

M

Mean watch time of observation, 3h 57m

53s p. m.

Mean horizontal angle from flag S. to sun

Refraction â��

Parallax-

â�� y v

SVV., 64Â° 62* 30".

Mean observed vertical angle 25Â° 25'30".

+V 8'

A-

25Â° 23' 38'

64Â° 36' 22'

90Â° 0* 0'

â�¢

61

s 
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Zenith 

I 
I 

r 
£ 

Fig·4. 
The "po1e.zenlth-!llln" triangle as viewed from outside 01 the celestial sphere. 

Examples of the relative use of v, refraction, parallax, hand t. 
Field record 

Telescope Watch Horizontal 
time angle 

Dir. 3~M·1I8> 66° 0' 0" 

Rev. 3 M 48 64 411 0 

Mean 3~7·1130 64° 52' 30" 

~-
Refractlon-

Parallax-

h-
r-

Dig ize b 

Vertical 
angle 

2(,0 20' 0" 

25 31 0 

25° 25' 30" 

211° 211' 30' 
-2' 0" 
+0' 8" 

211° 23' 38" 
64° 36' 22" 

00° 0' 0" 

Transcribed field notes 
Sun's 
limbs 

4- Mar. 18, 1010, 1 make an altitude observa· 
tlon upon the sun for time and azimuth, 
making two observatloDS

d 
one each with 

-b 
the telescope In direct an reversed r/!' 
tloDS, observing opposite limbs 0 the 
sun. 

Mean watch time of observation, 3h 57m 
53s p. m. 

Mean horizontal angle from flag B. to SUD 
SW., 64° 52' 30". 

Mean observed vertical angle 26" 211'30". 
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Example of vertical reduction to the sun's

center.

Field record

JjL

Transcribed field notes

Son's lower limb

Reduction to sun's center

-25Â°20' 0"

- +19' 6"

Mar. 18, 1910, I make an altitude

observation upon the sun for

time, observing the sun's lower

limb only; failing to observe the

sun's upper limb in the rcversa

of â�¢ the transit on account of

clouds.

Sun's center, i

-2 Â°36' 6"

*

-25Â°36' 0"

Watch time of observation, 3h 56m

58s p. m.

Refraction

- - V 0"

Parallax

- + 0/ 8"

Observed vertical angle to sun's

lower limb, 25Â°20'0", corrected

to the sun's center=25Â°36'6".

A

-25Â°?4'14"

-=G4Â°25'46"

f

90" 0' 0"

<fi

52. <t>: Phi: Latitude of the station of observation.

53. X: Lambda: Longitude of the station of observation.

54. 5: Delta: Declination of the sun or Polaris; and of any star,

to be taken from the Ephemeris for the date of observation. The

declination of the sun is to be corrected in hourly difference to the

longitude of the station and to the time of observation; north declina-

tions are treated as positive, south declinations as negative; a north-

erly hourly motion is treated as positive, a southerly hourly motion

is treated as negative. In the use of the solar unit the declination of

the sun is to be corrected for refraction in polar distance, always north.

Examples of computation of the sun's declination.

(a) It is desired to compute the value of the sun's declination for the above

altitude observation upon the sun for time and azimuth. Longitude of the

station of observation, 5b 8â�¢ W.; apparent time of observation 3h 42ra p. m.:

Declination of the sun at Greenwich apparent noon Mar. 18, 1910 = I'll' 3" S.

Difference in time from Greenwich apparent noon to apparent

time of observation:

For longitude = 5h 8"Â°

For time, p. m. = +3 42

8.83"= 8h 50Â°

Hourly difference in declination= + 59".28

Difference in declination from Greenwich apparent noon to ap-

parent time of observation:

8.83X59.28=523"

True declination of the sun

8'43" N.

1Â° 2'20" S.
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Example of vertical reduction to the sun's center. 

Field record 

Sun', lower 11mb 

Reduction to sun's center 

Sun's center, • 

1/ 

Refraction 
Parallax 

h 
r 

- +16' fi" 

=2 °36' 6" 

-25°36' Ii" 
- - 2' 0" 
- + 0' W' 

_2S0~4'14'1 

-64°25'46" 

90° 0' 0" 

ct> 

Transcrlbt>d field notes 

Mar. 18, 1910, I make an altitude 
observation upon the sun for 
time, observing thp, sun's lower 
limb only; failing to observe tbe 
sun's upper 11mb In the reversa 
of . the transit on account of 
clouds. 

Watch time of observation, 3b 116m 
~sp.m. 

Observed vertical angle to SUD'. 
lowp.r 11mb, 25°20'0", rorrected 
to tbe sun's oonter-25°36'6". 

52. q,: Phi: Latitude of the station of observation. 

53. X: Lambda: Longitude of the station of observation. 

54. 8: Delta: Declination of the sun or Polaris; and of any star, 
to be taken from the Ephemeris for the date of observation. The 
declination of the sun is to be corrected in hourly difference to the 
longitude of the station and to the time of observation; north declina
tions are treated as positive, south declinations as negative; a north
erly hourly motion is treatcd as positive, a southerly hourly motion 
is treated as negative. In the use of the solar unit the declination of 
the sun is to be corrected for refraction in polar distance, always north. 

Examples of computation of the sun's declination. 
(a) It is desired to compute the value of the sun's declination for the above 

altitude observation upon the sun for time and azimuth. Longitude of the 
station of observation, 511 8- W.; apparent time of observation 311 42- p. m.: 
Declination of the sun at Greenwich apparent noon Mar. 18, 1910 = 1°11' 3" S. 
Difference in time from Greenwich apparent noon to apparent 

time of observation: 
For longitude = 511 8m 

For time, p. m. = + 3 42 

8.83 11 = 811 50-
Hourly difference in declination = + 59" .28 
Difference in declination from Greenwich apparent noon to ap

parent time of observation: 
8.83 X 59.28= 623" 

True declination of the sun 

51 
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(6) It is desired to prepare, by computation, a table of hourly declinations of

the sun, corrected for refraction in polar distance, for use with the solar unit, for

a date March 14, 1945, for a station in latitude 33Â°10' N., and longitude 116Â°45'

W. (7h 47Â°).

Declination of the sun at Greenwich apparent noon,

March 14, 1945: 2Â°33'36".4 S.

Difference in time from Greenwich apparent noon to

7 a. m., app. time; longitude 116Â°45' W.

For longitude = 7h 47",

For time, a. m., 12h â�� 7h 0Â°= â�� 5 0

2.78h = 2h 47Â°

Hourly difference in declinations = + 59".17.

Difference in declination from Greenwich apparent noon

to 7 a. m., apparent time; longitude 116Â°45' W.;

2.78X59.17=164".5 =

Declination of the sun, 7 a. m., apparent time=

2'44".5N.

2Â°30'51".9 S.

Apparent time

True declination

Refraction

Declination setting

7 a. m

2Â°30'52" S.

2 30 22

2 29 53

2 28 54

2 27 54

2 26 55

2 25 56

2 24 57

2 23 58

2 22 59

2 21 59

2 21 29

2 21 00

2'41" N.

1 48

122

0 58

0 47

0 43

0 41

0 43

0 47

2Â°28'11" S.

7H-

2 28 34

8... .

2 28 31

9

2 27 56

10

2 27 07

11 a. m _

2 26 12

Noon

2 25 15

1 p. m . _ _ _

2 24 14

2

2 23 11

3

0 58

2 22 01

4 . ...

1 22

2 20 37

4K

1 48

2 19 41

5 p. m

2 41

2 18 19

(c) It is desired to prepare, by computation, a table of hourly declinations

of the sun, corrected for refraction in polar distance, for use with the solar unit,

for a date August 12, 1945, for a station in latitude 47Â° 10' N., and longitude

111Â°00' W. (7" 24Â°).

Declination of the sun at Greenwich apparent noon,

Aug. 12, 1945: 15Â°0'27.3" N.

Difference in time from Greenwich apparent noon to 6 a. m.,

app. time; longitude 111Â°00' W.

For longitude = 7h 24Â°

For time a. m., 12h â��6h Om= â��6 0

1.4h= 1 h 24Â°

Hourly difference in declination= â��45.05".

Difference in declination from Greenwich apparent noon to 6

a. m., apparent time; longitude 111C00' W.;

1.4 X 45.05 = 63"= 1' 3" S.=

Declination of the sun, 6 a. m., apparent time =

14Â°59'24.3" N.

54
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(b) It is desired to prepare, by computation, a table of hourly declinations of 
the Bun, corrected for refraction in polar distance, for use with the solar unit, for 
a date March 14, 1945, for a station in latitude 33°10' N., and longitude 116°45' 
W. (71a 4718). 

Declination of the Bun at Greenwich apparent noon, 
March 14, 1945: 2°33'36".4 S. 

Difference in time from Greenwich apparent noon to 
7 a. m., app. time; longitude 116°45' W. 

For longitude - 7b 4718
, 

For time, a. m., 121a-71a Om = - 5 0 

2.781a= 21a 4718 

Hourly difference in declinations = +59".17. 
Difference in declination from Greenwich apparent n(lon 

to 7 a. m., apparent time; longitude 116°45' W.; 
2.78X59.17= 164".5= 

Declination of the sun, 7 a. m., apparent time= 

Apparpnt time Trul'dl'clination Refr'lction 
7 a. m ______________________ 2°30'52" s. 2'41" 
7~ _________________________ 

2 3022 1 48 8 ___________________________ 2 2953 122 9 ___________________________ 
2 2854 058 10 __________________________ 2 2754 047 

11 a. m _____________________ 2 2655 043 
~oon _______________________ 2 2556 041 1 p. m ______________________ 2 24 57 043 2 ___________________________ 

2 2358 047 3 ___________________________ 
2 2259 058 4 ___________________________ 2 21 59 122 

4~------------------------- 2 21 29 I 48 
5 p. m _______ - _ - - - - - _ - _ - _ - - - 2 21 00 241 

• 
2'44".5 N. 

Dl'clinati(ln sl'tting 

N. 2°28' 11" s. 
2 2834 
2 2831 
2 2756 
2 2707 
2 26 12 
2 25 15 
2 24 14 
2 23 11 
2 22 01 
2 2037 
2 1941 
2 1819 

(c) It is desired to prepare, by computation, a table of hourly declinations 
of the Bun, corrected for refraction in polar distance, for use with the solar unit, 
for a date August 12, 1945, for a st.ation in latitude 47°10' N., and longitude 
111°00' W. (71a 24m). 

Declination of the Bun at Greenwich apparent noon, 
Aug. 12, 1945: 15°0'27.3" N. 

Difference in time from Greenwich apparent noon to 6 a. m., 
app. time; longitude 111°00' W. 

For longitude = 
For time a. m., 12h-6h Om= 

l.4h= 
Hourly difference in declination = -45.05". 
Difference in declination from Greenwich apparent noon to 6 

a. m., apparent time; longitude 111°00' W.; 
1.4 X 45.05=63"= I' 3" S.= 

Declination of the sun, 6 a. m., apparent time= 14°59'24.3" N. 
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Apparent time

True declination

Refraction

Declination setting

6 a. m

14Â°59'24" N.

14 59 01

14 58 39

14 57 54

14 57 9

14 56 24

14 55 39

14 54 54

14 54 9

14 53 24

14 52 39

14 51 53

14 51 8

14 50 46

14 50 23

3'29" N.

2 22

1 46

1 9

0 52

0 42

0 39

0 37

0 39

0 42

15Â° 2'53" N.

6H--

15 1 23

7â�� .

15 0 25

8

14 59 3

9

14 58 1

10

14 57 6

11 a. m

14 56 18

Noon

14 55 31

1 p. m

14 54 48

2

14 54 6

3

0 52

14 53 31

4â��

1 9

14 53 2

5

1 46

14 52 54

5%

2 22

14 53 8

6 p. m

3 29

14 53 62

(d) A graphic method for ascertaining the changing declinations of the sun,

corrected for refraction in polar distance, for use with the solar unit, is obtained

by the use of a diagram constructed on cross-section paper for each date, as

follows:

The horizontal lines may be used to represent each hour of the day; the vertical

lines may represent intervals of 1' in declination. It is convenient to use the

right-hand side of the sheet to represent N., the left-hand side to represent S.;

N. declinations increase numerically to the right-hand side of the sheet, S. dec-

linations increase numerically to the left-hand. The vertical lines are numbered

to suit the range of declination for the date.

Two points are marked on the diagram to agree with the true declination of

the sun; the first point is marked with the argument of declination agreeing with

the declination of the sun taken from the Ephemeris for Greenwich apparent

noon, with the argument of time agreeing with the apparent time at the longi-

tude of the station, corresponding to Greenwich noon; the second point is marked

agreeing with the proper declination and time 10 hours later. The straight line

determined by the two points agrees with the sun's true declination for the

apparent time at the longitude of the station. The proper refractions in polar

distance are then scaled from the straight line to the N. for each tabulated re-

fraction, a. m. and p. m., taken from table 23, Standard Field Tables, appro-

priate to the latitude of the station, and declination of the sun. The latter

points are then connected to form a smooth curve representing the declinations

of the sun, corrected for refraction in polar distance, for use with the solar unit.

The scale of the refractions must equal the scale of the intervals of 1' in decli-

nation; the refractions are laid off along or parallel to the horizontal lines, and

not normal to the line of true declination. At any time throughout the day the

proper declination for use with the solar unit is obtained by reference to the

curve at the point corresponding to the time of observation. To obtain any

true value of the sun's declination for use in the reduction of altitude observations

reference may be made to the straight line of true declination at the point cor-

responding to the time of observation.

The advantage of the diagram method is found in the avoidance of errors of

computation, and the eaee with which it is checked, together with the fact that

in the use of the diagram actual values are obtained at any time instead of a

linear interpolation.
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Appar<>nt time True declinntion Refraction Declination setting 

6 a. 
m ______________________ 

14°59'24" N. 3'29" N. 15° 2'53" N. 6% _________________________ 
14 5901 222 15 1 23 7 ___________________________ 
14 5839 146 15 025 8 ___________________________ 14 57 54 1 9 1459 3 9 ___________________________ 14 57 9 052 1458 1 10 __________________________ 
14 5624 042 14 57 6 

11 a. m _____________________ 14 5539 039 14 5618 Noon _______________________ 
14 5454 037 14 5531 

1 p. m ______________________ 14 54 9 039 14 5448 2 ___________________________ 
14 5324 042 14 54 6 3 ___________________________ 
14 5239 052 14 5331 4 ___________________________ 
14 51 53 1 9 14 53 2 5 ___________________________ 
14 51 8 146 14 5254 

5~------------------------- 14 5046 222 14 53 8 
6 p. m _________ ~------------ 14 5023 329 14 5352 

(d) A graphic method for ascertaining the changing declinations of the sun, 
corrected for refraction in polar distance, for use with the solar unit, is obtained 
by the use of a diagram constructed on cross-section paper for each date, as 
follows: 

The horizontal lines may be used to represent each hour of the day; the vertical 
lines may represent intervals of l' in declination. It is convenient to use the 
right-hand side of the sheet to represent N., the left-hand side to represent S.; 
N. declinations increase numerically to the right-hand side of the sheet, S. dec
linations increase numerically to the left-hand. The vertical lines are numbered 
to suit the range of declination for the date. 

Two points are marked on the diagram to agree with the true declination of 
the sun; the first point is marked with the argument of declination agreeing with 
the declination of the sun taken from the Ephemeris for Greenwich apparent 
noon, with the argument of time agreeing with the apparent time at the longi
tude of the station, corresponding to Greenwich noon j the second point is marked 
agreeing with the proper declination and time 10 hours later. The straight line 
determined by the two points agrees with the sun's true declination for the 
apparent time at the longitude of the station. The proper refractions in polar 
distance are then sca.led from the straight line to the N. for each tabulated re
fraction, a. m. and p. m., taken from table 23, Standard Field Tables, appro
priate to the latitude of the station, and declination of the sun. The latter 
points are then connected to form a smooth curve representing the declinations 
of the sun, corrected for refraction in polar distance, for use with the solar unit. 
The scale of the refractions must equal the scale of the intervals of l' in decli
nation; the refractions are laid off along or parallel to the horizontal lines, and 
not normal to the line of true declina.tion. At any time throughout the day the 
proper declination for use with the solar unit is obtained by reference to the 
curve at the point corresponding to the time of observation. To obtain any 
true value of the sun's declination for use in the reduction of altitude observations 
reference may be made to the straight line of true declination at the point cor
responding to the time of observation. 

The advantage of the diagram method is found in the avoidance of errors of 
computation, and the eMe with which it is checked, together with the fact that 
in the use of the diagram actual values are obtained at any time instead of a 
linear interpolation. 
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The following diagrams have been prepared to illustrate the method:

Diasram of the Sun's Declinations

Date, Mar. 20, 1912.

Station: Lat.=37Â°30' N.

Long. = 7h30Â»' W.

Declination

Greenwich noon=0Â°ll'14" S.=4h30Â» a. m.

Diff. 10", +593"- 09 53 N.

0Â°01'21" S.=2h30Â» p. m.
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The following diagrams have been prepared to illustrate the method: 
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Dlasram of the Sun's Declinations 
Date, Mar. 20, 1912. 
Station: Lat.=37°30' N. 

Long.=7h30m W. 

Declination 

Greenwich noon=001l'14" 8.=4b3Om a. m. 
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Diagram of the Sun's Declinations

Date, Sept. 23, 1913.

Station: Lat. = 47Â°30' N.

Long. = 6h18Â» W.

Greenwich noon = 0Â°03'55" N. = 5h42m a. m.

Diff. 10\ -585"= 9 45 S.

0Â°05'50"S. = 3b42- p. m.
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Fig. 6.

Azimuth

55. A: Azimuth angle from the true meridian to Polaris, or to the

sun's center, or to any star when making an azimuth observation.

In the following analytical examples A is referred to the north point

unless otherwise noted; the reductions are symmetrical either east or

west of the meridian. All determinations for azimuth imply the

recording of horizontal angles from a fixed reference point to Polaris

or to the sun, and to any star, or that a point has been marked on

the ground to define the direction of observation. The mean hori-

zontal angle in the first plan, or the mean point in direction in the

second plan, being used for the azimuth calculation.
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Diagram of the Sun's Declination. 

Date, Sept. 23, 1913. 
Station: Lat.=47°30' N. 

Long.=6h 18m W. 
Greenwich noon=0003'55" N.=5 h42m a. m. 
Diff.10 b,-585"= 945 S. 
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Azimuth 

/ 

V 

V 

I 

V 

--

\ 

I 
I 

55. A: Azimuth angle from the true meridian to Polaris, or to the 
sun's center, or to any star when making an azimuth observation. 
In the following analytical examples A is referred to the north point 
unless otherwise noted; the reductions are symmetrical either east or 
west of the meridian. All determinations for azimuth imply the 
recording of horizontal angles from a fixed reference point to Polaris 
or to the sun, and to any star, or that a point has been marked on 
the ground to define the direction of observation. The mean hori
zontal angle in the first plan, or the mean point in direction in the 
second plan, being used for the azimuth calculation. 
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In the first of the foregoing examples of the relative use of v, h

and f, is shown the record of certain observed horizontal angles from

a fixed reference point to the sun's limbs. Now, for the purpose of

clearly stating the use of the notation A, the reduction of that obser-

vation gives the following result:

Sun's azimuth

Referred to the N. point, A = N. 114Â°07'28" W.

Referred to the S. point, A = S. 65Â°52'32" W.

Recorded mean horizontal angle from flag S. to the

sunSW.. _=S. 64Â°52'30" W.

True bearing of flag. = S. lc00'02" W.

In general in altitude observations upon the sun for azimuth it is

convenient to record horizontal angles from a fixed reference point

to the sun's limbs; this method is preferable in view of the rapid

motion of the sun and the advantage of minimizing the period of the

observation. In observations upon Polaris the same method is often

convenient, and at other times it may be more convenient to mark

points upon the ground to define the direction of observation, taking

a proper mean of the several points to define the true line of sight to

Polaris.

In the Polaris observation for azimuth a greater refinement is

secured by repeating the horizontal angle. On this plan, read and

record the angle first turned; loosen the lower clamp and set back to

the observing mark (using the lower tangent motion); then turn the

angle a second time for the second sighting. Leave the plate clamp

set. Keverse, and set back to the observing mark. Make two more

observations on the same plan. This has repeated the horizontal

angle four times. Record the last reading, and divide that value by

4. The quotient is the desired horizontal angle for the mean of the

observation (sec. 36). The time is recorded for each position. When

making the daylight observation, an assistant should give the ob-

server the setting angles, multiplying the first reading by 2, 3, and 4.

Under adverse conditions an altitude observation upon the sun for

azimuth may fail in the reversal of the transit on account of clouds

(or error in reading one of the angles of a series of observations) in

which case it may be desirable to reduce the single observation upon

the sun's limbs to an equivalent corrected reading to the sun's center.

In single observations on the sun, the reduction to the sun's center in

1 fÂ»f

azimuth= ; a refinement in the value of the sun's semi-diameter

cos v

is had by referring to the Ephemeris for the date of observation.
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In the first of the foregoing examples of the relative use of 1], h 
and r, is shown the record of certain observed horizontal angles from 
a fixed reference point to the sun's limbs. Now, for the purpose of 
clearly stating the use of the notation A, the reduction of that obser
vation gives the following result: 

Sun's azimuth 
Referred t.o the N. point, A _____________________ =N. 114°07'28" W. 
Referred to the S. point, A ______________________ =S. 65°52'32" W. 
Recorded mean horizontal angle from flag S. to the 

sun SW ____________________________________ =S. 64°52'30" W. 

True bearing of flag ____________________________ = s. 1 °00'02" W. 

In general in altitude observations upon the sun for azimuth it is 
convenient to record horizontal angles from a fixed reference point 
to the sun's limbs; this method is preferable in view of the rapid 
motion of the sun and the advantage of minimizing the period of the 
observation. In observations upon Polaris the same method is often 
convenient, and at other times it may be more convl'nicnt to mark 
points upon the ground to define the direction of observation, taking 
a proper mean of the several points to define the true linc of sight to 
Polaris. 

In the Polaris observation for azimuth u greuter refinement is 
secured by repeating the horizontal angle. On this plnn, read und 
record the ari.gle first turned; loosen the lower clamp and set bark to 
the observing mark (using the lower tungent motion); thcn turn the 
angle a second time for the second sighting. Leave the pluto clump 
set. Reverse, and set back to the observing mark. Make two more 
observations on the same plan. This has repeated the horizontal 
angle four times. Record the last reading, and divide that value by 
4. The quotient is the desired horizontal angle for the mean of the 
observation (sec. 36). The time is recorded for each position. When 
making the daylight observation, an assistant should give the ob
server the setting angles, multiplying the first reading by 2, 3, and 4. 

Under adverse conditions an altitude observation upon the sun for 
azimuth may fail in the reversal of the transit on account of clouds 
(or error in reading one of the angles of a series of observations) in 
which case it may be desirable to reduce the single observation upon 
the sun'.s limbs to an equivalent corrected reading to the sun's center. 
In single observations on the sun, the reduction to the sun's center in 

azimuth=~; a refinement in the value of the sun's semi-diameter 
cos 1) 

is had by referring to the Ephemeris for the date of observation. 
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An example of reduction to the sun's center in both vertical and

horizontal angles follows:

Field record

Transcribed field notes

Q_ Vertical angle to sun's lower limb

-25Â°20'00"

- + 16'06"

Mar. 18, 1910, I make an altitude observation upon

the sun for azimuth, observing the sun's lower and

right limbs only; failing to observe the sun's upper

and left limbs in the reversal of the transit on ac-

count of clouds:

Sun's semi-diameter for reduction to

center

Sun's center, v

-=25Â°36'06"

Apparent time of observation, 3h 42m p. m.

Hor. angle from flag S. to sun's right

Observed vertical angle to sun's lower limb, 25Â°20'0O",

corrected to the sun's eenter=25Â°36'06".

limb, SW.

Reduction to sun's center,

= 65Â°0O'0O"

- â��17'M"

Observed horizontal angle to sun's right limb from

flag S. to sun SW., WOO'OO", corrected to the sun's

center=64Â°42'00".

WA -17-.9

eos25Â°36'

Hor. angle from flag S. to sun's center,

SW.

-64"42'00"

When using the new General Land Office solar transits which have

been provided with the solar circle (sec. 41), all observations are

complete, each one in itself, as though taken precisely on the sun's

center. References and example: sections 100, 112.

Tables

56. Tables of mean refractions both in zenith and polar distance

appear in the Standard Field Tables, arranged to meet the require-

ments of field use; see tables 20 and 23. A table of coefficients to

apply to mean refractions in zenith or polar distance for variations

in atmospheric pressure and temperature to obtain true values of

refractions is given to meet necessity for its use, see table 21. In

the absence of a barometric instrument to determine the atmospheric

pressure, the argument "approximate elevation above sea level" may

be substituted. The differences between the true and the tabulated

refractions are generally small and negligible excepting for the com-

bined effect of low vertical angle, with high elevation above sea level

or extremes of temperature. The following example of reduction illus-

trates the method to be employed in all reductions from the tabulated

refractions:

Tabulated refraction =6'45"=6'.75; elevation above sea level

= 10,000 feet, for which elevation the coefficient is 0.70; temperature

at the time of observation =82Â° F., for which temperature the

coefficient is 0.94; true refraction =0.70X0.94X6'.75=4'.44=4'26".

TIME

57. There are two normal time rates, mean solar time as used in

civilian life, sidereal time as employed by astronomers. Solar time

itself is divided into three distinct classesâ��apparent time, local

mean time, standard time.
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An example of reduction to the sun's center in both vertical and 
horizontal angles follows: 

Field record 

q.- Vertical angle to sun's lower 11mb -25°20'00" 

Bun's !leml-d1ameter for reduction to 
center - + 16'06" 

Sun's center, , -25°36'06" 

Hor. angle (rom flag B. to sun's right 
11mb, SW. -65°00'00" 

Reduction to sun's center, 
16'.1 7' 9 

COS 25°36' -1 • _ -17'M" 

Hor. angll' from ftag B. to sun's center, 
SW. -64°42'05" 

Transcribed field notes 

Mar. 18, 1910, I make an altitude observation tJpon 
the sun for azimuth, ob!lervlng the sun's lower and 
right limbs only; failing to observe the sun's upper 
and left limbs In the reversal of the transit on ac
count of clouds: 

Apparent time of observation 3h 42m p. m. 
Observed vertical angle to sun'lIlowl'r 11mb, 26°20'00", 

corrected to the sun's center-25°36'06". 
Observed horizontal angle to sun's right Umb from 

flag a. to sun aw., 65°00'00", corrected to lb. sun's 
center-M°C'06". 

When using the new General Land Office solar transits which have 
been provided with the solar circle (sec. 41), all observations are 
complete, each one in itself, as though taken precisely on the sun's 
center. References and example: sections 100, 112. 

Tables 
56. Tables of mean refractions both in zenith and polar distance 

appear in the Standard Field Tables, arranged to meet the require
ments of field use; see tables 20 and 23. A table of coefficients to 
apply to mean refractions in zenith or polar distance for variations 
in atmospheric pressure and temperature to obtain true values of 
refractions is given to meet necessity for its use, see table 21. In 
the absence of a barometric instrument to determine the atmospheric 
pressure, the argument "approximate elevation above sea level" may 
be substituted. The differences between the true and the tabulated 
refractions are generally small and negligible excepting for the com
bined effect of low vertical angle, with high elevation above sea. level 
or extremes of temperature. The following example of reduction illus
trates the method to be employed in all reductions from the tabulated 
refractions : 

Tabulated refraction =6'45"=6'.75; elevation above sea level 
= 10,000 feet, for which elevation the coefficient is 0.70; temperature 
at the time of observation =820 F., for which temperature the 
coefficient is 0.94; true refraction =0.70XO.94X6'.75=4'.44=4'26". 

TIME 
57. There are two normal time rates, mean solar time as used in 

civilian life, sidereal time as employed by astronomers. Solar time 
itself is divided into three distinct classes-apparent time, local 
mean time, standard time. 
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Apparent time is based upon the real sun, the 24-hour period of

which counts from the sun's meridian passage of one dayâ��i. e., apparent

noon, to the next meridian passage. This rate is irregular. The sun

dial is designed to read apparent time.

Mean solar time is based upon a fictitious or imaginary sun whose

solar day is mathematically uniform. The mean time clock and the

ordinary watch are designed to be rated for a 24-hour period that

conforms to the mean sun.

The equation of time is counted in the mean time rate. It is the

amount to be added to, or subtracted from apparent time to convert

over into local mean time. The equation of time is changing con-

stantly; its value for apparent noon each day, on the Greenwich

meridian, is tabulated in the Ephemeris.

Local mean time is identical with mean solar time on the meridian

at the station where that time is being employed. It is correct on

that meridian only. Stations that are 1Â° apart in longitude differ

by 4 minutes in local mean time; one hour for 15Â° difference in longi-

tude. (Table 18, Standard Field Tables.)

Standard time is identical with local mean time on the central

meridian of each time belt, as Eastern Standard Time on the 75th

meridian; Central Standard Time on the 90th meridian; Mountain

Standard Time on the 105th meridian; Pacific Standard Time on the

120th meridian of longitude. This is the time that has been adopted

in the United States for general use. The correction for longitude is

all that is required for converting over into local mean time; additive

when east of the central meridian, subtractive when west.

The watch correction in local mean time may require an adjustment

for longitude to the meridian where it is to be employed in making the

Polaris observation. The most general correction is the conversion

from standard time to local mean time in the meridian of the station

of the Polaris observation; this is brought out in the explanations and

examples that follow. The less frequent, but equally important

adjustment is one that should be made when a time observation is

made at some station other than in the meridian where the resulting

watch correction is to be employed in a Polaris observation. This

adjustment amounts to 23 seconds across one township at Cape Sable,

Fla.; 60 seconds at Point Barrow, Alaska; it is 30 seconds across one

township in latitude 46Â°. Table 11, Standard Field Tables. For

example, a Polaris observation is to be made at a station in latitude

46Â°; the adjustment in local mean time, for longitude, for the time

observation that may not be made in that same meridian will be at

the rate of 5 seconds per mile. A watch correction that is 0m 0" at

the point of the time observation will be 0m 5" slow of local mean time
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Apparent time is based upon the real 8'Un, the 24-hour period of 
which counts from the sun's meridian passage of one day-i. e., apparent 
noon, to the next meridian passage. This rate is irregular. The SUD 

dial is designed to read apparent time. 
Mean solar time is based upon a fictitious or imaginary sun whose 

solar day is mathematically uniform. The mean time clock and the 
ordinary watch are designed to be rated for a 24-hour period that 
conforms to the mean sun. 

The equation of time is counted in the mean time rate. It is the 
amount to be added to, or subtracted from apparent time to convert 
over into local mean time. The equation of time is changing con
stantly; its value for apparent noon each day, on the Greenwich 
meridian, is tabulated in the Ephemeris. 

Local mean time is identical with mean solar time on the meridian 
at the station where that time is being employed. I t is correct on 
that meridian only. Stations that are 1 ° apart in longitude differ 
by 4 minutes in local mean time; one hour for 15° difference in longi
tude. (Table 18, Standard Field Tables.) 

Standard time is identical with local mean time on the central 
meridian of each time belt, as Eastern Standard Time on the 75th 
meridian; Central Standard Time on the 90th meridian; Mountain 
Standard Time on the 105th meridian; Pacific Standard Time on the 
120th meridian of longitude. This is the time that has been adopted 
in the United States for general use. The correction for longitude is 
all that is required for converting over into local mean time; additive 
when east of the central meridian, subtractive when west. 

The watch correction in local mean time may require an adjustment 
for longitude to the meridian where it is to be employed in making the 
Polaris observation. The most general correction is the conversion 
from standard time to local mean time in the meridian of the station 
of the Polaris observation; this is brought out in the explanations and 
examples that follow. The less frequent, but equally important 
adjustment is one that should be made when a time observation is 
made at some station other than in the meridian where the resulting 
watch correction is to be employed in a Polaris observation. This 
adjustment amounts to 23 seconds across one township at Cape Sable, 
Fla.; 60 seconds at Point Barrow, Alaska; it is 30 seconds across one 
township in latitude 46°. Table 11, Standard Field Tables. For 
example, a Polaris observation is to be made at a station in latitude 
46°; the adjustment in local mean time, for longitude, for the time 
observation that may not be made in that same meridian will be at 
the rate of 5 seconds per mile. A watch correction that is om o· at 
the point of the time observation will be om 51 8low of local mean time 
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in the meridian 1 mile east thereof; or, the same amount fast for the

meridian a mile to the west. This adjustment may be allowed for

when the time observation is made somewhere on the line of the

survey and the Polaris observation is made at the party camp-site.

The unit of sidereal time is measured by one revolution of the

earth on its axis, the 24-hour period of which is equivalent to 23 hours

56 minutes 4.091 seconds in mean solar time. There are 366^ sidereal

24-hour periods in the solar year of 365# days.

Sidereal time is not employed in the Manual methods. It is avoided

through the plan of the tabulations that are published in the Ephemeris

for the upper culmination and elongation of Polaris, and for the transit

(or meridian passage) of the equatorial stars, which are given in

terms of mean solar time, Greenwich meridian, for the ordinary civil

date, a. m. or p. m. The azimuths and altitudes of Polaris are tabu-

lated in terms of mean time hour angle.

The mathematical equations that are employed in the observations

upon the equatorial stars, for time and altitudes, and for the azimuths

and altitudes of Polaris at various hour angles, are based upon the

sidereal time rate. The same equations are applicable in the reduction

of observations upon the sun for time, the moment of the observation

being expressed in apparent time.

The sidereal time rate is necessarily employed when using the

equations for time and altitudes of the equatorial stars, and for

azimuths and altitudes of Polaris at various hour angles. The plan

of the conversion from the mean time rate to the sidereal time rate,

or from the latter to the former, for use in the equations, is explained

in the Manual text for the several types of stellar observations. A

simple table for the conversion from the one rate to the other is in-

cluded in the Ephemeris, also in the Standard Field Tables, table 19.

In the entry of the record of an observation, the watch time is the

reading at that moment. The watch may be set to read the approxi-

mate local mean time, or it may be set to carry the approximate standard

time. In either case the "watch error" is the difference between the

actual reading and what would be the exact local mean or standard

time as intended. The watch error in standard time may be deter-

mined by comparison with a clock that reads the correct standard

time controlled electrically, or the comparison may be made with

the radio time signals.

The conversion from standard time to local mean time, or con-

versely, is the correction that is applied for the longitude of the

station, with respect to the meridian of the standard time that is

referred to. Standard time and local mean time are identical on the

75th, 90th, 105th, and 120th meridians. The exact local mean time

at any station of the survey may be determined by stellar observation
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in the meridian 1 mile east thereof; or, the same amount ja&t for the 
meridian a mile to the west. This adjustment may be allowed for 
when the time observation is made somewhere on the line of the 
survey and the Polaris observation is made at the party camp-site. 

The unit of sidereal time is measured by one revolution of the 
earth on its axis, the 24-hour period of which is equivalent to 23 hours 
56 minutes 4.091 seconds in mean solar time. There are 366}~ sidereal 
24-hour periods in the solar year of 365~ days. 

Sidereal time is not employed in the Manual methods. It is avoided 
through the plan of the tabulations that are published in the Ephemeris 
for the upper culmination and elongation of Polaris, and for the transit 
(or meridian passage) of the equatorial stars, which are given in 
terms of mean solar time, Greenwich meridian, for the ordinary civil 
date, a. m. or p. m. The azimuths and altitudes of Polaris are tabu
lated in terms of mean time hour angle. 

The mathematical equations that are employed in the observations 
upon the equatorial stars, for time and altitudes, and for the azimuths 
and altitudes of Polaris at various hour angles, are based upon the 
sidereal time rate. The same equations are applicable in the reduction 
of observations upon the sun for time, the moment of the observation 
being expressed in apparent time. 

The sidereal time rate is necessarily employed when using the 
equations for time and altitudes of the equatorial stars, and for 
azimuths and altitudes of Polaris at various hour angles. The plan 
of the conversion from the mean time rate to the sidereal time rate, 
or from the latter to the former, for use in the equations, is explained 
in the Manual text for the several types of stellar observations. A 
simple table for the conversion from the one rate to the other is in
cluded in the Ephemeris, also in the Standard Field Tables, table 19. 

In the cntry of the record of an observation, the watch time is the 
reading at that moment. The watch may be set to read the approxi
mate local mean time, oritmay beset to carry the approximate standard 
time. In either case the" watch error" is the difference between the 
actual reading and what would be the exact local mean or standard 
time as intended. The watch error in standard time may be deter
mined by comparison with a clock that reads the correct standard 
time controlled electrically, or the comparison may be made with 
the radio time signals. 

The conversion from standard time to local mean time, or con
versely, is the correction that is applied for the longitude of the 
station, with respect to the meridian of the standard time that is 
referred to. Standard time and local mean time are identical on the 
75th, 90th, 105th, and 120th meridians. The exact local mean time 
at any station of the survey may be determined by stcllar observation 
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(in the equatorial belt) at meridian passage, or by altitude observation

southeasterly or southwesterly, Manual methods.

The meridian passage of the sun denotes the apparent noon. An

altitude observation of the sun, southeasterly or southwesterly, gives

a determination of the apparent time, a. m. or p. m. The difference

between the apparent time and the local mean time is termed the

equation of time; it varies plus or minus through the year, from day

to day, only a few minutes most of the time, up to a maximum of about

16 minutes early in November. A watch may be set to read the

correct apparent time for the day, or to read the approximate apparent

time for a period of several days, but this will need changing from week

to week as a watch cannot be adjusted to an apparent time rate because

of the irregularities of the latter.

There is usually a personal preference as to the setting of a watch.

Many prefer to set to standard time; others on extensive field work

find it extremely convenient to change over to local mean time, or to

carry a substitute watch set to local mean time. On solar transit

orientation, the time circle reads apparent time; for this reason, if the

solar unit is being used constantly, as is nearly always the case where

the line runs through heavy forest cover or dense undergrowth, many

engineers like to use a wrist watch set to apparent time.

The record entry therefore should be explicit (1) as to the setting

of the watch to approximate standard, local mean, or apparent time;

(2) the conversion, if from standard to local mean time; and (3) the

method of ascertaining the watch error in terms of local mean time in

every case when making an hour angle observation on Polaris. Many

Polaris observations are made during the season, sometimes daily.

It is for this purpose that the Manual devotes so much attention to the

practical field observations for time.

The element of time enters into all azimuth determinations. Appar-

ent time for all observations upon the sun. Local mean time for all

observations upon Polaris and for the other stars. The sun's declina-

tion varies with the apparent time and the longitude west from Green-

wich. The declination enters directly into all observations upon the

sun for azimuth. Thus the apparent time and longitude should be

known to a degree of accuracy commensurate with the refinement

necessary in computing the sun's declination. The azimuth of

Polaris varies with the local mean time of observation, which must be

known to a degree of accuracy consistent with the result wanted in

the determination of the true meridian.

In observations upon Polaris at elongation precision in local mean

time is unnecessary, but in hour angle observations upon Polaris it

will be noted that at upper or lower culmination, in latitude 40Â° for

example, Polaris varies 1' in azimuth in about 3.0 minutes of time;

700004*â��IT 6
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(in the equatorial belt) at meridian passage, or by altitude observation 
southeasterly or southwesterly, Manual methods. 

The meridian passage of the' sun denotes the apparent noon. An 
altitude observation of the sun, southeasterly or southwesterly, gives 
a determination of the apparent time, a. m. or p. m. The difference 
between the apparent time and the local mean time is termed the 
equation of time; it varies plus or minus through the year, from day 
to day, only a few minutes most of the time, up to a maximum of about 
16 minutes early in November. A watch may be set to read the 
correct apparent time for the day, or to read the approximate apparent 
time for a period of several days, but this will need changing from week 
to week as a watch cannot be adjusted to an apparent time rate because 
of the irregularities of the latter. 

There is usually a personal· preference as to the setting of a watch. 
Many prefer to set to standard time; others on extensive field work 
find it extremely convenient to change over to local mean time, or to 
carry a substitute watch set to local mean time. On solar transit 
orientation, the time circle reads apparent time; for this reason, if the 
solar unit is being used constantly, as is nearly always the case where 
the line runs through heavy forest cover or dense undergrowth, many 
engineers like to use a wrist watch set to apparent time. 

The record entry therefore should be explicit (1) as to the setting 
of the watch to approximate standard, local mean, or apparent time; 
(2) the conversion, if from standard to local mean time; and (3) the 
method of ascertaining the watch error in terms of local mean time in 
every case when making an hour angle observation on Polaris. Many 
Polaris observations are made during the season, sometimes da.ily. 
It is for this purpose that the Manual devotes so much attention to the 
practical field observations for time. 

The element of time enters into all azimuth determinations. Appar
ent time for all observations upon the sun. Local mean time for all 
observations upon Polaris and for the other stars. The sun's declina
tion varies with the apparent time and the longitude west from Green
wich. The declination enters directly into all observations upon the 
sun for azimuth. Thus the apparent time and longitude should be 
known to a degree of accuracy commensurate with the refinement 
necessary in computing the sun's declination. The azimuth of 
Polaris varies with the local mean time of observation, which must be 
known to a degree of accuracy consistent with the result wanted in 
the determination of the true meridian . 
. In observations upon Polaris at elongation precision in local mean 
time is unnecessary, but in hour angle observations upon Polaris it 
will be noted that at upper or lower culmination, in latitude 400 for 
example, Polaris varies l' in azimuth in about 3.0 minutes of time; 
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this interval of time slowly increases toward elongation and in the

latter position more than 30 minutes of time are required for a change

of 1' in azimuth.

58. Conversion of standard time into local mean time: watch read-

ing Â± watch error in standard time by comparison Â± correction for

longitude; the correction for longitude is additive east and subtractive

west of the standard meridian of the time belt; the conversion table

"degrees to time," table 18, Standard Field Tables, is convenient in

this reduction.

Example of conversion of standard time into local mean time;

longitude 77Â°01'37".5 W.:

Watch time of observation *Â«61,2<S,,,40* p. m.

Watch slow of 75th meridian standard time by comparison

with a standard clock â� â�¢ -f- lm22"

Correction for longitude of station (77Â°01'37".5 W.=Â»

5k08=06.6') â�� -8-06'

Local mean time of observation *=6,,19,,,56, p. m.

The broadcasting by radio of the standard time at frequent intervals

has now become so general, and is done with such care, that this has

become extremely useful for converting from standard watch time to

local mean time, for use in the stellar observations. Applying the

equation of time, by simple addition or subtraction, then transforms

from local mean time into apparent time for use in the solar observa-

tions. The precise radio time signals that are broadcast at regular

periods, from Naval Air Stations, controlled from the United States

Naval Observatory are by special codes on short wave length. The

codes will be furnished on request.

59. Conversion of apparent time into local mean time: apparent

time of observation Â± the equation of time. The equation of time is

to be taken from the Ephemeris for the date of observation and cor-

rected for the longitude and time of observation, conveniently inter-

polated as the interval from Greenwich noon to the time of observa-

tion. The watch error in local mean time is then found by taking the

difference between the watch reading at the epoch of the observation

and the reduced local mean time of observation.

Example of conversion of apparent time {into local mean time;

longitude 77Â°01'37".5 W. (data in sec. 51):
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this interval of time slowly increases toward elongation and in the 
latter position more than 30 minutes of time are required for a change 
of l' in azimuth. 

58. Conversion of standard time into local mean time: watch read
ing ± watch error in standard time by comparison ± correction for 
longitude; the correction for longitude is additive east and subtractive 
west of the standard meridian of the time belt; the conversion table 
"degrees to time," table 18, Standard Field Tables, is convenient in 
this reduction. 

Example of conversion of standard time into local mean time; 
longitude 77°01'37".5 W.: 

Watch time of observation -6h2&-40- p. m. 
Watch slow of 75th meridian standard time by eompari!on 

with a standard clock - + 1 m22· 
Correction for longitude of station (77°01'37".5 W.-

5h()8m()6.5·) - -smoe' 

Loeal mean time of observation -= 6" 19m561 p. m. 

The broadcasting by radio of the standard time at frequent intervals 
has now become so general, and is done with such care, that this has 
become extremely useful for converting from standard watch time to 
local mean time, for use in the stellar obseroationB. Applying the 
equation of time, by simple addition or subtraction, then transforms 
from local mean time into apparent time for use in the solar observa
tions. The precise radio time signals that are broadcast at regular 
periods, from Naval Air Stations, controlled from the United States 
Naval Observatory are by special codes on short wave length. The 
codes will be furnished on request. 

59. Conversion of apparent time into local mean time: apparent 
time of observation ± the equation of time. The equation of time is 
to be taken from the Ephemeris for the date of observation and cor
rected for the longitude and time of observation, conveniently inter
polated as the interval from Greenwich noon to the time of observa
tion. The watch error in local mean time is then found by taking the 
difference between the watch reading at the epoch of the observation 
and the reduced local mean time of observation. 

Example of conversion of apparent time ~to local mean time; 
longitude 77°01 '37".5 W. (data in sec. 51): 
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Mar. 18, 1910, apparent time of altitude observation upon sun =3h42mll" p. m.

Equation of time, Greenwich apparent noon -\-8^23 A'

Interpolation for longitude of station 5b08m W., and

time of observation 3h42m, p. m.; 8h50nl after

Greenwich noon, or 8.83/24 of change (17.64') in

24 hours = â�� 6.5-

Equation of time +8m16.9Â« +8Â»17'

Local mean time of observation Â«=3h50m28*

Watch time of observation =3h57m53â�¢

Watch fast of local mean time = 7,I,25,

Time in its Relation to Polaris Observations

60. Polaris, a star of the second magnitude, occupies a position in

the northern heavens about 1Â° from a line denned by the axis of the

earth's rotation. On account of its brightness and proximity to the

polar axis it ranks as the most useful circumpolar star. It will be

assumed that the engineer has learned how to identify the north star

among its associates in the clear starlit heavens, especially with refer-

ence to the "pointers" in the constellation of the "Great Bear,"

popularly called the "Dipper." Polaris, a Ursae Minoris, is nearly

on a line (or great circle) determined by the pole and the star "8

Cassiopeiae." Both stars are located in the same direction from the

pole. The same line, or great circle, passes near the star "f Ursae

Majoris," another star of the "Dipper." The latter star is located

on the opposite side of the pole. The engineer may note the relative

position of the three stars, if it is a clear night, and this will give an

immediate indication of the approximate position of Polaris in its

diurnal circle at that time. The three stars are all of about the same

brightness. Instructions will follow (sec. 99) regarding the identi-

fication of Polaris by instrumental methods during the twilight

period, before the star is visible to the naked eye; the same method

may be employed for verification of a night observation, if there

should be any doubt, as in case the neighboring constellations are

obscured by clouds.

An experienced engineer can readily observe Polaris at sunset or

sunrise without artificial illumination, and with a very clear atmosphere

can make the observation when the sun is as much as 20 or 30 minutes

above the horizon. At any time that Polaris is visible any of the

various methods of Polaris observation for meridian, properly followed,

60

INSTRUMENTS AND - METHODS 59 

Mar. 18, 1910, apparent time of altitude observation upon sun z:m3 h42mll- p. m. 
Equation of time, Greenwich apparent noon + 8">23.4,-
Interpolation for longitude of station 5b08m W., and 

time of observation 3h42m , p. m.; 8h oOm after 
Greenwich noon, or 8.83/24 of change (17.64") in 
24 hours -= - 6.5" 

Equation of time 

Local mean time of observation 
Watch time of observation 

Watch fast of local mean time 

-=3 hSOm 2S
=3 hS7m S3-

Time in its Relation to Polaris Observations 
60. Polaris, a star of the second magnitude, occupies a position in 

the northern heavens about 10 from a line defined by the axis of the 
earth's rotation. On account of its brightness and proximity to the 
polar axis it ranks as the most useful circumpolar star. It will be 
assumed that the engineer has learned how to identify the north star 
among its associates in the clear starlit heavens, especially with refer
ence to the "pointers" in the constellation of the" Great Bear," 
popularly called the "Dipper." Polaris, a Ursae :Minoris, is nearly 
on a line (or great circle) determined by the pole and the star" 6 
Cassiopeiae." Both stars are located in the same direction from the 
pole. The same line, or great circle, passes near the star" r Ursae 
Majoris," another star of the "Dipper." The latter star is located 
on the opposite side of the pole. The engineer may note the relative 
position of the three stars, if it is a clear night, and this will give an 
immediate indication of the approximate position of Polaris in its 
diurnal circle at that time. The three stars are all of about the same 
brightness. Instructions will follow (sec. 99) regarding the identi
fication of Polaris by instrumental methods during the twilight 
period, before the star is visible to the naked eye; the same method 
may be employed for verification of a night observation, if there 
should be any doubt, as in case the neighboring constellations are 
obscured by clouds. 

An experienced engineer can readily observe Polaris at sunset or 
sunrise without artificial illumination, and with a very clear atmosphere 
can make the observation when the sun is as much as 20 or 30 minutes 
above the horizon. At any time that Polaris is visible any of the 
various methods of Polaris observation for meridian, properly followed, 
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is superior to any single observation upon the sun. In general, in

public-land surveying, the customary practice is the use of a solar

instrument adjusted to the meridian as established by Polaris ob-

servation.
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NAKED-EYE IDENTIFICATION OF POLARIS.

About noon March 23d.

About 6 a. m. June 22d.

About midnight September 22d.

About 6 p. m. December 22d.

Polaris has a diurnal circle about the earth's polar axis similar to

the diurnal circle of other stars, though Polaris has the smallest circle

of any naked-eye star. The daily circuit of Polaris is covered in one

sidereal day of 24 sidereal hours, or an equivalent of 23 hours 56
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is superior to any single observation upon the sun. In general, in 
public-land surveying, the customary practice is the use of a solar 
instrument adjusted to the meridian as established by Polaris ob
servation. 
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NAKED·EYE IDENTIFICATION OF POLARIS. 

About noon March 23d. 
About 68. m. June 22d. 
About midnight September 22d. 
About II p. m. December 22d . 

Polaris has a diurnal circle about the earth's polar axis similar to 
the diurnal circle of other stars, though Polaris has the smallest circle 
of any naked-eye star. The daily circuit of Polaris is covered in one 
sidereal day of 24 sidereal hours, or an equivalent of 23 hours 56 
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minutes 4.09 seconds of mean solar time. In its diurnal circle Polaris

crosses the meridian twice, once at upper culmination, or above the

polar axis, and once at lower culmination, or below the polar axis.

The direction of the apparent motion of Polaris is suggested by the

following diagram:

u.c.

W.E.

E.E.

L.C.

Fig. 7.

The pointings of the arrows on the above circle indicate the direc-

tion of the apparent motion of Polaris in its diurnal path; the pointings

of the arrows on the lines tangent to the circle show the direction

of travel at the epochs of culmination and elongation. If the engineer

has any doubt in regard to the quadrant occupied by Polaris in its

diurnal circle at the time of an observation, he may set the intersection

of the telescope cross-wires exactly upon the star, then, without?

moving the instrument, note the direction of the star's motion and

compare with the diagram.

By reference to the preceding diagram showing the direction

of motion of Polaris in its diurnal circle, the motion at western elonga-

tion is shown to be vertically downward; at eastern elongation thei

motion is shown to be vertically upward. At the epoch of either,

western or eastern elongation the motion in azimuth is zero.

At the equator, if Polaris could be observed, the hour angle of

Polaris at elongation would be 90o0'0" = 6h0m0B sidereal hour angle

=5"59ml. 02" mean time hour angle, but as stations of observation

are occupied in the higher latitudes the hour angle of Polaris at elonga-

tion decreases progressively. The reason for this is found in the fact

that all vertical planes intersect at the zenith, and the point of tan-

gency of a vertical plane with the diurnal circle of Polaris occurs at

points corresponding to decreasing hour angles with the higher

latitudes. The"spread" of the two vertical planes intersecting Polaris

at eastern and western elongation increases with the higher latitudes,

giving increasing azimuths at elongation with the more northern

latitudes.
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minutes 4.09 seconds of mean solar time. In its diurnal circle Polaris 
crosses the meridian twice, once at upper culmination, or above the 
polar axis, and once at lower culmination, or below the polar axis. 

The direction of the apparent motion of Polaris is suggested by the 
following diagram: 
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W.E. 
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. . 
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The pointings of the arrows on the above circle indicate the direc~ 
tion of the apparent motion of Polaris in its diurnal path; the pointings 
of the arrows on the lines tangent to the circle show the direction 
of travel at the epochs of culmination and elongation. If the engineer 
has any doubt in regard to the quadrant occupied by Polaris in its 
diurnal circle at the time of an observation, he may set the intersection 
of the telescope cross-wires exactly upon the star, then, without 
moving the instrument, note the direction of the star's motion and 
compare with the diagram. 

By reference to the preceding diagram showing the direction 
of motion of Polaris in its diurnal circle, the motion at wesliern elonga~ 
tion is shown to be vertically downward; at eastern elongation thel 
motion is shown to be vertically upward. At the epoch of eitherl 
western or eastern elongation the motion in azimuth is zero. 

At the equator, if Polaris could be observed, the hour angle ofl 
Polaris at elongation would be 90°0'0" = 6hOmOB sidereal hour angle 
=5b59ml, 021 mean time hour angle, but as stations of observation 
are occupied in the higher latitudes the hour angle of Polaris at elonga .... 
tion decreases progressively. The reason for this is found in the fac~ 
that all vertical plnnes intersect at the zenith, and the point of tan
gency of a vertical plane with the diurnal circle of Polaris occurs atJ 
points corresponding to decreasing hour angles with the higher 
latitudes. The" spread" of the two vertical planes intersecting Polaris 
at eastern and western elongation increases with the higher latitudes, 
giving increasing azimuths at elongation with the more northern 
latitudes. 
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Zenith

Fig.8.

Figure 8. The meridian and vertical planes tangent to the diurnal circle of Polaris as viewed from

of the celestial sphere.

Star Identification, Equatorial Belt

61. There are two customary methods of star identification, first, the

brighter naked-eye stars may be found individually, during starlight,

each by means of its position within its own constellation and with

the aid of a chart2 that shows the outline of that and the neighboring

constellations; second, any star may be found by reference to vertical

angle and horizontal angle from the meridian, both values to be

related to an anticipated time of observation, and to an approximate

north and south line. The second method is frequently more certain,

especially if there are clouds that obscure some of the stars; this method

is a necessity for twilight or daylight observations.

* Charts of the constellations are given in the text books on general astronomy. The diagram In the

Ephemeris, facing p. 9, is based on the plan of the navigational star chart of The American Nautical

Almanac, published by the U. S. Naval Observatory: Superintendent of Documents, U. 8. Government

Printing Office. Washington 25, D. C.
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FIGURB 8. The meridian and vertical planes tan!!ent to the diurnal circle of Polaris aa viewed from fDalde 
of the celestial sphere. 

Star IdentiAcation, Equatorial Belt 

61. There are two customary methods of star identification, first, the 
brighter naked-eye stars may be found individually, during starlight, 
each by means of its position within its own constellation and with 
the aid of a chart 2 that shows the outline of that and the neighboring 
constellations; second, any star may be found by reference to vertical 
angle and horizontal angle from the meridian, both values to be 
related to an anticipated time of observation, and to an approximate 
north and south line. The second method is frequently more certain, 
especially if there are clouds that 0 bscure some of the stars; this method 
is a' necessity for twilight or daylight observations. 

I Charts of the constellation. are given In the text books on general astronomy. The diagram. In the 
Ephemerla, facing p. g, is based on the plan of the navigational star chart of Tbe American Nautfcal 
Almanac, published by the U. S. Naval Observatory: Superintendent of Document&. U. B. Oovemment 
PrfDtini Offlce, Wasblnrton 25, D. C. 
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The charts of the constellations are interesting and useful, but they

are not employed as an accessory to the Manual methods.

The location of any one of the selected bright stars, in favorable

position for observation, on any date and at any moment within the 24-

hour period, may be found most readily by reference to the diagram

insert facing page 9 of the Ephemeris; an explanation of its use is

given on the diagram. The simple steps are these: first interpolate

for the date, then place the meridian fine of the overlay scale on the

date line, this shows the field as it will be at the noon of that date.

Next move the overlay scale to the left for p. m. periods, or to the

right for a. m. periods, as shown by the lower set of figures, to the

anticipated time of an observation, then read the upper set of figures

for hour angle for any selected star at that anticipated time, to the

east or to the west of the meridian.

Having selected the star to be observed and the anticipated time of

observation, the time of the meridian passage of the star for that date is

then taken from the Ephemeris (explanation sec. 62). The hour angle

for the position is the time interval between the anticipated time of

observation and the time of the meridian passage (explanation sec. 66).

Use the following equation to find the vertical angle of the star at

the anticipated moment of observation:

sin h=cos t cos <t> cos 6+sin <t> sin S

Then use the companion equation to find the horizontal angle from

the meridian, as follows:

cos A= ; â�� tan <f> tan h

cos <j> cos h

The product "sin <A sin S" and the fraction r 1 are neea-

r T cos <p cos a ^

tive for south declinations.

The product" cos t cos </> cos 8'' is negative for hour angles exceeding

6 hours or 90Â°.

If the result for "cos A" is {negativeI ^e nor'zon*a^ angle counts

from the {jjg;

The vertical angle setting ("h" or "v" for this purpose) for the meri-

dian passage of a star south of the zenith is as follows:

Â»^90Â°â��<t>Â±8

An explanation and example of preparing for an observation is given

on pages 25 and 30 of the Ephemeris. However, starting with an

approximate north and south line, and with approximate values for

latitude and watch correction to local mean time, and having com-
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The charts of the constellations are interesting and useful, but they 
are not employed as an accessory to the Manual methods. 

The location of anyone of the selected bright stars, in favorable 
position for observation, on any date and at any moment within the 24-
hour period, may be found most readily by reference to the diagram 
insert facing page 9 of the Ephemeris; an explanation of its use is 
given on the diagram. The simple steps are these: first interpolate 
for the date, then place the meridian line of the overlay scale on the 
date line, this shows the field as it will be at the noon of that date. 
N ext move the overlay scale to the left for p. ID. periods, or to the 
right for a. m. periods, as shown by the lower set of figures, to the 
anticipated time of an observation, then read the upper set of figures 
for hour angle for any selected star at that anticipated time, to the 
east or to the west of the meridian. 

Having selected the star to be observed and the anticipated time of 
observation, the time of the meridian passage of the star for that date is 
then taken from the Ephemeris (explanation sec. 62). The hour angle 
for the position is the time interval between the anticipated time of 
observation and the time of the meridian passage (explanation sec. 66). 

Use the following equation to find the vertical angle of the star at 
the anticipated moment of observation: 

sin h=C08 t cos ¢ cos ~+sin ¢ sin a 
Then use the companion equation to find the horizontal angle from 

the meridian, as follows: 

cos A sin ~ - tan f/> tan h 
cos ¢ cos h 

. sin ~ 
The product "sin ¢ sin ~fl and the fractIon COB q, COB h, are nega-

tive for south declinations. 
The product" cos t cos ¢ COB ~', is negative for hour angles exceeding 

6 hours or 90°. 

If the result for "cos A" is {~~:~~~e} the horizontal angle counts 

fro h {
north. 

m t e south. 
The ver~ical angle setting (" h" or" v" for this purpose) for the meri

dian passage of a star south of the zenith is as follows: 

11¢900-q,± ~ 

An explanation and example of preparing for an observation is given 
on pages 25 and 30 of the Ephemeris. However, starting with an 
approximate north and south line, and with approximate values for 
latitude and watch correction to local mean time, 8Jld having com:' 
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puted the approximate angular settings for "A" and "h" (or "v" for

this purpose), the direction of the telescope pointing, at the anticipated

time of observation, will be to the selected star. The objective lens

should be set carefully to celestial focus. There should be no doubt of

the star identification during starlight (by naked eye), nor by twilight

if the values are sufficiently close to bring the star within the field of

the telescope.

For daylight observations, and referring more especially to the

brighter stars (first magnitude or brighter) that would naturally be

selected for daylight observation, the care to be exercised in arriving

at- the initial or approximate values, and the settings for horizontal

and vertical angles, should be such as to bring the star within the

middle-third of the field, or roughly within 10' of the cross-wire inter-

section. Section 68.

The star magnitudes, and the planets: Manual Appendix II.

The Meridian Passage of Polaris and Other Stars. Reduction to

Local Mean Time. Elongation

62. The position of Polaris in its diurnal circle at any time may

be determined by reference to the mean time interval from upper

culmination to any observed position west of the meridian, or by

reference to the mean time interval from any observed position east

of the meridian to the succeeding upper culmination.

The Greenwich mean time of upper culmination of Polaris is tab-

ulated in the Ephemeris for every day in the year, arranged for the

ordinary civil date, a. m. or p. m.

The Greenwich mean time of the meridian transit of the selected

bright stars of the equatorial belt is tabulated for the 1st and 16th

day each month; the reductions to the other days of the month are

indicated on each page of the stellar tabulations. This data is then

to be converted to the local mean time of transit, as shown in the

next section.

Example of computation (for the tabulation in the Ephemeris,

Bureau of Land Management) of the Greenwich mean time of the

meridian transit of a star: Manual Appendix II.

Local mean time of upper culmination of Polaris: the Greenwich

mean time of upper culmination of Polaris is to be taken from the

Ephemeris for the date of observation; the amount to be subtracted

from the Greenwich mean time of upper culmination of Polaris to

obtain the local mean time of upper culmination, in which the argu-

ment is the longitude west from Greenwich, is obtained from the

table of sidereal conversions without computation; see table 19,

Standard Field Tables.
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puted the approximate angular settings for" AU and "h" (or "v" for 
this purpose), the direction of the telescope pointing, at the anticipated 
time of observation, will be to the selected star. The objective lens 
should be set carefully to celestial foCWl. There should be no doubt of 
the star identification during starlight (by naked eye), nor by twilight 
if the values are sufficiently close to bring the star within the field of 
the telescope. 

For daylight obsert'ations, and referring more especially to the 
brighter stars (first ma,gnitude or brighter) that would naturally be 
selected for daylight observation, the care to be exercised in arriving 
at the initial or approximate values, and the settings for horizontal 
and vertical angles, should be such as to bring the star within the 
middle-third of the field, or roughly within 10' of the cross-wire inter
section. Section 68. 

The star magnitudes, and the planets: Manual Appendix II. 

The Meridian Passage of Polaris and Other Stan. Reduction to 
Local Mean Time. Elongation 

62. The position of Polaris in its diurnal circle at any time may 
be det('rmined by reference to the mean time interval from upper 
culmination to any observed position west of the meridian, or by 
reference to the mean time interval from any observed position east 
of the meridian to the succeeding upper culmination. 

The Greenwich mean tim~ of upper culmination of Polaris is tab
ulated in the Ephemeris for every day in the year, arranged for the 
ordinary civil date, a. m. or p. m. 

The Greenwich mean time of the meridian transit of the selected 
bright stars of the equatorial belt is tabulated for the 1st and 16th 
day ('ach month; the reductions to the other days of the month are 
indicated on each page of the stellar tabulations. This data is then 
to be converted to the local mean time of transit, as shown in the 
next section. 

Example of computation (for the tabulation in the Ephemeris, 
Bureau of Land Management) of the Greenwich mean time of the 
meridian transit of a star: Manual Appendix II. 

Local mean time of upper culmination of Polaris: the Greenwich 
mean time of upper culmination of Polaris is to be taken from the 
Ephemeris for the date of observation; the amount to be subtracted 
from the Greenwich mean time of upper culmination of Polaris to 
obtain the local mean time of upper culmination, in which the argu
ment is the longitude west from Greenwich, is obtained from the 
table of sidereal conversions without computation; see table 19, 
Standard Field Tables. 
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Example of reduction from the Greenwich mean time of upper

culmination of Polaris to the local mean time of upper culmination

of Polaris, longitude 111Â°15' W.:

Aug. 12, 1945, Gr. U. C. of Polaris=4"-25. 2Â» a. m.

Red. to long. 111Â°15' W., 1=13Â« â�� â��1.2

L. M. T. of U. C. of Polaris =4'>24.0Â°' a. m.

The local mean time of the meridian passage of any other star is

to be reduced in the same way, or amount, from the time for the

Greenwich meridian to the longitude of the station. It should be

noted that this conversion is at the rate of approximately 10 seconds

of time for each 15Â° (or 1 hour) of longitude, subtractive to the west;

and note also, that the meridian passage of each star comes approxi-

mately 4 minutes earlier each succeeding day, in terms of local mean

time. On one calendar day each year a star will have a double meridian

passage.

63. The Greenwich mean time of elongation of Polaris, latitude 40Â°,

is tabulated in the Ephemeris for every day in the year, arranged for

the ordinary civil date, a. m. or p. m. This in turn is to be reduced

to the local mean time for the position of the station, in two steps:

first, for longitude; second, for latitude; both as shown in the next

section.

64. Local mean time of elongation of Polaris: the mean time of

elongation of Polaris, Greenwich meridian, latitude 40Â°, is to be taken

from the Ephemeris for the date of observation. The amount to be

subtracted from the mean time of elongation of Polaris, Greenwich

meridian, latitude 40Â°, to obtain the mean time of elongation of Polaris,

local meridian, latitude 40Â°, in which the argument is the longitude

west from Greenwich, is obtained from the table of sidereal conver-

sions, table 19, Standard Field Tables, without computation. The

amount to apply to the local mean time of elongation of Polaris lati-

tude 40Â° to obtain the local mean time of elongation of Polaris at the

latitude of observation is tabulated in the Ephemeris in connection

with the table of azimuths of Polaris at elongation.

Examples of reduction from the Greenwich mean time of elonga-

tion of Polaris, latitude 40Â°, to the local mean time of elongation of

Polaris, latitude 64Â°30' N., and longitude 146Â°30' W.:

Eastern Elongation

Sept. 9, 1945, Gr. E. E. of Polaris, lat. 40Â° =8h36.0Â°' p. m.

Red. to long. 146Â°30' W., 1Â»36- = -1.6

Red. to lat. 64Â°30' N. = +5.0

L. M. T. of E. E. of Polaris = 8h39.4= p. m.
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Example of reduction from the Greenwich mean time of upper 
culmination of Polaris to the local mean time of upper culmination 
of Polaris, longitude 111°15' W.: 

Aug. 12, 1945, Gr. U. C. of Polaris=4b25. 2m a. m. 
Red. to long. 111°15' W., Im13- = -1.2 

L. M. T. of U. C. of Polaris = 4h24.0m a. m. 
= 

The local mean time of the meridian passage of any other star is 
to be reduced in the same way, or amount, from the time for the 
Greenwich meridian to the longitude of the station. It should be 
noted that this conversion is at the rate of approximately 10 seconds 
of time for each 15° (or 1 hour) of longitude, subtractive to the west; 
and note also, that the meridian passage of each star comes approxi
mately 4 minutes earlier each succeeding day, in tenns of local mean 
time. On one calendar day each year a star will have a double meridian 
passage. 

63. The Greenwich mean time of elongation of Polaris, latitude 40°, 
is tabulated in the Ephemeris for every day in the year, arranged for 
the ordinary civil date, a. m. or p. m. This in turn is to be reduced 
to the local mean time for the position of the station, in two steps: 
first, for longitude; second, for latitude; both as shown in the next 
section. 

64. Local mean time of elongation of Polaris: the mean time of 
elongation of Polaris, Greenwich meridian, latitude 40°, is to be taken 
from the Ephemeris for the date of observation. The amount to be 
subtracted from the mean time of elongation of Polaris, Greenwich 
meridian, latitude 40°, to obtain the mean time of elongation of Polaris, 
local meridian, latitude 40°, in which the argument is the longitude 
west from Greenwich, is obtained from the table of sid(,fcal conver
sions, table 19, Standard Field Tables, without' computation. The 
amount to apply to the local mean time of elongation of Polaris lati
tude 40° to obtain the local mean time of elongation of Polaris at the 
14titude oj observation is tabulated in the Ephemeris in connection 
with the table of azimuths of Polaris at elongation. 

Examples of reduction from the Greenwich mean time of elonga
tion of Polaris, latitude 40°, to the local mean time of elongation of 
Polaris, latitude 64°30' N., and longitude 146°30' W.: 

Eastern Elongation 

Sept. 9, 1945, Gr. E. E. of Polaris, lat. 40° =8h36.0m p. m. 
Red. to long. 146°30' W., I m 36- = -1.6 
Red. to lat. 64°30' N. = + 5,0 

L. M. T. of E. E. of Polaris 
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Western Elongation, same station

Oct. 26, 1945, Gr. W. E. of Polaris, lat. 40o=5h26.9Â» a. m.

Red. to long. 146Â°30' W., lm36' = -1.6

Red. to lat. 64Â°30' N. -= -5.0

L. M. T. of W. E. of Polaris -Â»5ll20.3m a. m.

Hour Angles

65. The interval between the time of a star's meridian passage (or

transit) and any other position in its diurnal circle is termed the

star's hour angle at that moment. This is measured in sidereal time,

or the equivalent in angular measure in degrees, minutes, and seconds.

The hour angle may count either to the east or to the west of the

meridian. As the ordinary watch is rated in mean solar time, the

observation for time, and the reductions, require the conversions from

the one rate to the other. See table page 27 of the Ephemeris, or

table 19 of the Standard Field Tables. The conversion increment is

to be subtracted from a sidereal interval, or added to a mean time

interval, to obtain the equivalent. The conversion is required in the

reduction of an altitude observation upon a star for time, as the

observed hour angle is in the sidereal interval.

Conversion of a mean time interval into a sidereal time interval, or

vice versa: The amount to apply to one time interval to obtain the

other time interval is found in the table of sidereal conversions,

table 19, Standard Field Tables, without computation.

Example of conversion of a mean time interval into a sidereal

time interval:

Mean time hour angle of Polaris for an assumed observation in

Alaska=7h32.6Â»

- 7h32Â»36Â«

Conversion into equivalent sidereal hour angle â� = + 1 14

Sidereal hour angle = 71>33Â»50â�¢

7" = 105Â°

33-= 8"15'

50'= 12'30'

<113Â°27'30'

The conversion from a mean time interval to the equivalent sidereal

hour angle is required in the analytical reduction of the hour angle

observation upon Polaris for azimuth or latitude, whenever the reduc-

tion is made by the equations in place of, or as a check upon taking

the values from the tables of azimuths and altitudes that are published

66 MANUAL OF SOBvEiING INSTRUOl'IONS 

Western Elongation, same station 

Oct. 26, 1945, Gr. W. E. of Polaris, lat. 400 =5h26.9- a. m. 
Red. to long. 146°30' W. , Im36a ~ -1.6 
Red. to lat. 64°30' N. -= -5.0 

L. M. T. of W. E. of Polaris - 5h20.3- a. m. 

Hour Angles 

65. The interval between the time of 8. star's meridian passage (or 
transit) and any other position in its diurnal circle is termed th 
star's lwur angle at that moment. This is measured in sidereal tim~, 
or the equivalent in angular measure in degrees, minutes, and seconds. 
The hour angle may count either to the east or to the west of the 
meridian. As the ordinary watch is rated in mean solar time, the 
observation for time, and the reductions, require the conversions from 
the one rate to the other. See table page 27 of the Ephemeris, or 
table 19 of the Standard Field Tables. The conversion increment is 
to be subtracted from a sidereal interval, or added to a mean time 
interval, to obtain the equivalent. The conversion is required in the 
reduction of an altitude observation upon a star for time, as the 
observed hour angle is in the sidereal interval. 

Conversion of a mean time interval into a sidereal time interval, or 
vice versa: The amount to apply to one time interval to obtain the 
other time interval is found in the table of sidereal conversions, 
table 19, Standard Field Tables, without computation. 

Example of conversion of a mean time interval into a sidereal 
time interval: 

Mean time hour angle of Polaris for an assumed observation in 
Alaska = 7h32.6-

Conversion into equivalent sidereal hour angle 

Sidereal hour angle 

7"=105° 
33-= 8°15' 
SO- = 12' 30" 

The conversion from a mean time interval to the equivalent sidereal 
hour angle is required in the analytical reduction of the hour angle 
observation upon Polaris for azimuth or latitude, whenever the reduc
tion is made by the eq ua tiona in place of, or as a check upon taking 
the values from the tables of azimuths and altitudes that are published 
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in the Ephemeris. The conversion is not required if the tables are

employed, as the values are tabulated in mean time hour angle.

66. Hour angles of Polaris: a mean time hour angle of Polaris west

of the meridian is the mean time interval from the local mean time

of the last preceding upper culmination to the local mean time of

observation of Polaris. A mean time hour angle of Polaris east of the

meridian is the mean time interval/rom the local mean time of observa-

tion to the local mean time of the next succeeding upper culmination

of Polaris.

The above application of the term "hour angle" is a departure from

conventional usage, which has been employed in order to simplify the

steps. One step relating to hour angles for positions east of the

meridian is avoided. Polaris crosses the meridian at lower culmination

at an hour angle of llh58m028. In the arrangement of the various

examples, the observations west of the meridian have been referred to

the last preceding upper culmination, those east of the meridian have

been referred to the next succeeding upper culmination, thus avoiding

any hour angles exceeding 1 lh58m02\

Hour angles of Polaris: verification by the star chart: a simple

check on the approximate value of the hour angle at any moment,

any date, and of the position west or east of the meridian, may be

secured by use of the star chart, facing page 9 of the Ephemeris.

First, scale a line for the date, then place the overlay scale on the

chart making the date line agree with the scale for the time of ob-

servation, a. m. or p. m., lower set of figures. In this position, note

where Polaris will be found with respect to the meridian line of the

overlay scale. Finally, read the scale for hour angle, upper set of

figures, star west or star east of the meridian. The reduction values

should of course be taken from the tabulated daily position of Polaris.

The tables of the azimuths of Polaris at all hour angles, that are

published in the Ephemeris, are tabulated with the argument in mean

time hour angle, counting from upper culmination. Therefore, for an

observation west of the meridian the hour angle is referred to the

preceding upper culmination; for one east of the meridian the refer-

ence is to the next succeeding upper culmination. The hour angle

at lower culmination is the half (llh58m) of the sidereal day (23h56.1m).

That position is a good one for a latitude observation. It should be

understood that hour angle observations for azimuth are not referred

to the point of lower culmination. The equations for the azimuth

and altitude observations count strictly from upper culmination.

Sections 60, 61, and 62.

Examples of computing hour angles of Polaris, both west and east

of the meridian, with diagrams: Manual Appendix II.

67. Mean time hour angle of Polaris at elongation: /=the sidereal
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in the Ephemeris. The conversion is not required if the tables are 
employed, as the values are tabulated in mean time hour angle. 

66. Hour angles of Polaris: a mean time hour angle of Polaris west 
of the meridian is the mean time interval jrom the local mean time 
of the last preceding upper culmination to the local mean time of 
observation of Polaris. A mean time hour angle of Polaris east of the 
meridian is the mean time intervaljrom the local mean time of observa
tion to the local mean time of the next succeeding upper culmination 
of Polaris. 

The above application of the term "hour angle" is a departure from 
conventional usage, which has been employed in order to simplify the 
steps. One step relating to hour angles for positions east of the 
meridian is avoided. Polaris crosses the meridian at lower culmination 
at an hour angle of llb5Sm028. In the arrangement of the various 
examples, the observations west of the meridian have been referred to 
the last preceding upper culmination, those cast of the meridian have 
been referred to the next succeeding upper culmination, thus avoiding 
any hour angles exceeding 11 b5Sm028. 

Hour angles of Polaris: verification by the star chart: a simple 
check on the approximate value of the hour angle at any moment, 
any date, and of the position west or ('ast of the meridian, may be 
secured by use of the star chart, facing page 9 of the Ephemeris. 
First, scale a line for the date, then place the overlay scale on the 
chart making the date line agree with the scale for the time of ob
servation, a. m. or p. m., lower set of figures. In this position, note 
where Polaris will be found with respect to the meridian line of the 
overlay scale. Finally, read the scale for hour angle, upper set of 
figures, star west or star east of the meridian. The reduction values 
should of course be taken from the tabulated daily position of Polaris. 

The tables of the azimuths of Polaris at all hour angles, that are 
published in the Ephemeris, are tabulated with the argument in mean 
time hour angle, counting from upper culmination. Therefore, for an 
observation west of the meridian the hour angle is referred to the 
preceding upper culmination; for one east of the meridian the refer
ence is to the next succeeding upper culmination. The hour angle 
at lower culmination is the half (llh5Sm) of the sidereal day (23h56.1m). 
That position is a good one for a latitude observation. It should be 
understood that hour angle observations for azimuth are not referred 
to the point of lower culmination. The equations for the azimuth 
and altitude observations count strictly from upper culmination. 
Sections 60, 61, and 62. 

Examples of computing hour angles of Polaris, both west and east 
of the meridian, with diagrams: Manual Appendix II. 

67. Mean time hour angle of Polaris at elongation: t=the sidereal 
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hour angle in angular measure; this converted into time measure,

and this in turn converted from a sidereal time interval into a mean

time interval gives the mean time hour angle of Polaris at elongation:

Cos t=cotan 5 tan 4>

Example of computing the mean time hour angle of Polaris at elonga-

tion, April 3, 1945, in latitude 65Â°0' N.', on which date the declination

of Polaris=89Â°00'15.6" N.:

*=65Â°0'; log tan 0

Â«=89Â°0'15.6"; log cotan S

Sidereal hour angle

log C03 t

= 0.331327

= 8.240035

= 8.571362

= 87Â°51'51"

87Â° = 5k48Â»

51' = 3Â»24Â«

51"= 3"

Reduction to mean time hour angle=

5"51'Â»27'

-0 57

Mean time hour angle at elongation = S^O^O'

68. Example, daylight stellar altitude observation, equatorial belt,

for time and azimuth. The example is given at this point in the text

to show the derivation of the finding positions, and the conversion to

mean time hour angle. The data being at hand, the reductions are

carriod out to demonstrate the values of the watch correction local

mean time, and the azimuth, or bearing angle of the reference mark.

July 28, 1944, at my station in latitude 38Â°53'30" N., and longitude 77Â°02' W.,

at 6h45,,,20â�¢ p. m., by my watch, which reads approximate local mean time, I

observe the vertical angle on the star No. 25/49, a Acquilse (Altair), declination

+ 8Â°43.4', Mag. 0.9, to obtain the watch correction, as follows:

Observed vertical angle: Â»=21044'

Refraction: r= â�� 2'24"

True vertical angle:

co* sin

h=* . 36964

<*>=. 77833

Â«=. 98844

A=21Â°41'36"

sin h

tan cos # cos S

. 80666

15342

tan <t> tan 5

.76933

. 48050

. 12376

12376 (Products)

(Fraction)

cos <-. 35674 (Diff. +)

69Â°=4>'36"00'

06'- 24

4b36-24'
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hour angle in angular measure; this converted into time measure, 
and this in turn converted from a sidereal time interval into a mean 
time interval gives the mean time hour angle of Polaris &:t elongation: 

Cos t=cotan 8 tan q, 
Example of computing the mean time hour angle of Polaris at elonga

tion, April 3, 1945, in latitude 65°0' N.', on which date the declination 
of Polaris = 89°00' 15.6" N.: 

1/>=65°0'; log tan I/> 0.331327 
~= 89°0'15.6"; log cotan & z:: 8.240035 

log cos t - 8.571362 
Sidereal hour angle - 87°51'51" 

87° = 5h48m 
51' = 3m 24" 
51"= 3" 

5h 51m27" 
Reduction to mean time hour angle= -0 57 

Mean time hour angle at elongation = 5 b50m 30" 

68. Example, daylight stellar altitude observation, equatorial belt, 
for time and azimuth. The example is given at this point in the text 
to show the derivation of the finding positions, and the conversion to 
mean time hour angle. The data being at hand, the reductions are 
carriod out to demonstrate the values of the watch correction local 
mean time, and the azimuth, or bearing angle of the reference mark. 

July 28, 1944, at my station in latitude 38°53'30" N., and longitude 77°02' W., 
at 6h45m20" p. m., by my watch, which reads approximate local mean time, I 
observe the vertical angle on the star No. 25/49, a Acquilre (Altair), declination 
+8°43.4', Mag. 0.9, to obtain the watch correction, as follows: 

Observed vertical angle: V= 21 °44' 
Refraction: r= -2'24" 

True vertical angle: h=21 °41'36" 

~. 'in 
sin h 

tan cos t = J.. • - tan '" tan a cos,#, cos" 
h= .36964 
1/>=.77833 
8=.98844 

• 80666 
• ]5342 

• 76933 . 12376 (Products) 
. 48050 (Fraction) 
. 12376 

eos t-. 35674 (Diff. +) 69° = 4 b36mOO" 
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*=69Â°06' = Sidereal hour angle: 4 h36Â»24'

Conversion into equivalent

mean time hour angle: â��45

Mean time hour angle: 4h35m39"

Greenwich mean time of star's transit, July 19: llh57. 5m p. m.

Reduction to July 28: â��35. 4

Reduction to long. 77c02' W. -0. 8

Star's transit, local mean time, July 28: llh21. 3m

l1h2lÂ»>18< p. m.

Mean time hour angle, moment of observation,

east of meridian 4 35 39

Correct local mean time of observation: 6h45m39"

Watch time of observation: G^S^O' p. m.

Watch slow of local mean time 19'

The above observation was made by daylight (1. m. t. of sunset

7hllm p. m.); a reference mark was set to the south by solar transit

orientation at 4h30m p. m., app. t. The finding positions for the star

were derived as follows:

Star's transit, 1. m. t., July 28, as above llh21. 3m p. m.

Anticipated time of observation, 1. m. t. 6 40 p. m.

Hour angle SE. (f=70Â°15') 4M1-

sin A=cos t cos <t> cos J + sin <j> sin i

sin S , -

cos

*=. 3379

<t>=. 7783

8=. 9884

sin

cos <t> cos h

.6278

. 1516

cos

.7783

sin

.1516

tan

.8067

.2599

. 0952

2599

(Products)

â�¢

h=

.3551

(Sum) . 9348

.3799

/i = 20o48'

.7276

.2084

E.

.3065

.2084

(Products)

(Fraction)

â�¢

cos A= . 0981

A=S. 84Â°22'

am. -)

With the above settings, at 6"40m p.m., l.m.t., I find the star in

good position and proceed with 6 observations for time and azimuth,
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t=69°06'=Sidereal hour angle: 4b361D241 

Conversion into equivalent 
mean time hour angle: - 45 

Mean time hour angle: 4b351D39' 

Greenwich mean time of star's transit, July 19: Ilh57.5m p. m. 
Reduction to July 28: - 35. 4 
Reduction to long. 77°02' W. -0.8 

Star'. transit, local mean time, July 28: 

IJb21 m 18" p. m. 
Mean time hour angle, moment of observation, 

east of meridian 4 35 39 

Correct local mean time of observation: 6h45m 39' 
Watch time of observation: 6b45m 20' p. m. 

Watch .lolD of local mean time 19' 

The above observation was made by daylight (1. m. t. of sunset 
7b llm p. m.); a reference mark was set to the south by solar transit 
orientation at 4b30m p. m., app. t. The finding positions for the star 
were derived as follows: 

Star's transit, I. m. t., July 28, as above 
Anticipated time of observation, 1. m. t. 

1 Jb21. 31D p. m. 
6 40 p. m. 

Hour angle SE. (,=70°15') 

co. 8in 
t=.3379 

q, =. 7783 . 6278 
1-=. 9884 . 1516 

sin h=cos t cos q, cos ~+sin q, sin a 
sin a 

cos A= cos q, cos h -tan q, tan h 

C08 lin tan 
.7783 .8067 

.1516 . -
.2599 .0952 (Products) 

2599 

sin h= .3551 (Sum) .9348 .3799 

. 7276 . 3065 (Products) 
. 2084 . 2084 (Fraction) 

cos A= . 0981 (Difl". -) 
A=s. 84°22' E. 

With the above settings, at 6b40m p.m., l.m.t., I find the star in 
good position and proceed with 6 observations for time and azimuth, 

Dig ize b 
Original from 

UNIVERSITY OF MINNESOTA 

68 



70

MANUAL OP SURVEYING INSTRUCTIONS

the 1st as follows: (Note the observed vertical angle, and the reduction

of the time observation, in the example above.)

Observed horizontal angle from star to reference mark 83Â°36'00"

cos

h â�¢=. 92918

* -. 77833

5 Â«=

sin

. 15166

tan

. 39781

. 80666

. 72321

. 20970

00" E.

. 32090

. 20970

(Products)

(Fraction)

cos 4Â«=. 11120

A=S. 85Â°37

(Diff.-)

S. 83Â°37'00" Eâ��

True bearing of the reference mark, 1st obsn.

Summary of the six observations:

S. 0Â°01'00" E.

Watch Time

Observed

Vert. Ang.

Observed

Hor. Ang.

Watch

Bearing reference

mark

slow

1. m. t.

1

6h45m20Â» p. m.

6 51 00

21Â°44'00"

22 50 30

24 05 00

83Â°36'00"

82 40 00

81 34 00

81 08 00

80 18 00

79 43 00

19-

S. 0Â°01'00" E.

2

3

24

S. 0 00 30 W.

6 57 30

20

South

4

5

6

7 00 00

7 04 54

7 08 12

24 35 00

25

S. 0 00 30 W.

25 31 00

22

S. 0 00 30 W.

26 09 00

23

South

Mean

22-

S. 0Â°00'05" W.

Altitude Observation of the Sun for Apparent Time

69. Altitude observation of the sun for apparent time: f=hour

angle from apparent noon in angular measure; reverse the signs of

5 for south declinations:

Tan

Or,

â�� /sin % (r+^-g) sin % (f-4>+5)

/2 "Vcos % (f+Â«+5) cos % U--03-5)

sin h

Cos*=

cos <j> cos 5

â��tan 4> tan 8

The product "tan <j> tan 5" is subtractive for north declinations;

additive for south declinations.

If the result for "cos t" is

f positive

the hour angle is

less

more J

(negative

than six hours or 90Â°.

The equations as written are applicable for the northern latitudes;

suitable transpositions are required for observations in the southern

latitudes.
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the 1st as follows: (Note the observed vertical a.ngle, and the reduction 
of the time observation, in the example above.) 

Observcd horizontal angle from star to reference mark 
COB sin tan 

h =. 92918 .39781 
f/J =.77833 .80666 
1= . 15166 

.72321 .32090 (Products) 
.20970 .20970 (Fraction) 

COB A=. 11120 (Diff.-) 

--
I 
2 
3 
4 
5 
6 

A=S. 85°37'00" E. 

True bearing of the reference mark, 1st obsn. 
Summary of the six obscrvations: 

Observed Observed Watch Time Vert. Ang. nor. Ang. 

--
6h45m 20· p. m. 21 °44'00" 83°36'00" 
6 51 00 22 5030 82 4000 
6 57 30 24 0500 81 3400 
70000 24 3500 81 OR 00 
70454 25 31 00 80 1800 
7 08 12 26 0900 70 4300 

Mean 

S. 83°37'00" E. 

8. 0°01'00" E. 

Watch Bearing reference slow 
1. m. t. mark 

19" S. 0°01 '00" E. 
24 S.O 0030 W. 
20 South 
25 S.O 0030 W. 
22 S.O 0030 W. 
23 South 

22" S. 0°00'05" W. 

Altitude Observation of the Sun for Apparent Time 

69. Altitude observation of the sun for apparent time: t=hour 
angle from apparent noon in angular measure; reverse the signs of 
~ for south declinations: 

Tan II t= /sirl ~ cr+cJ>-a) sin ~ (t-cJ>+a) 
12 "V cos ~ (r+cJ>+a) cos ~ (r-cJ>-~) 

Or, sin h 
Cos t= cJ> ~ -tan cJ> tan ~ cos cos 

The product "tan cJ> tan a" is subtractive for north declinations; 
additive for south declinations. 

. {Positive} . {less } If the result for" cos t" IS t' the hour angle IS nega Ive more 
than six hours or 90°. 

The equations as written are applicable for the northern latitudes; 
suitable transpositions are required for observations in the southern 
latitudes. 
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INSTRUMENTS AND METHODS 71

The first equation is designed for logarithmic reduction; it is espe-

cially convenient when the altitude observation is to be reduced both

for time and azimuth.

The second equation is to be preferred when using natural trigo-

nometric functions in combination with logarithms of numbers; or,

the natural functions and the computing machine; the solving of the

equation may be accomplished quickly on either plan.

Both equations are applicable for the altitude observation, either

upon the sun, or upon a star in the equatorial belt.

The hour angle for an observation on the sun is rated directly in

the solar time interval, giving at once the apparent time of a p. m.

observation. Subtracting the hour angle from noon (12"00m) gives

the apparent time of an a. m. observation. In both reductions the

equation of time is applied to obtain the correct local mean time of

the observation.

In the stellar observation, the hour angle (t) is in terms of the

sidereal rate; a subtraction of 10 seconds per hour will give the equiva-

lent mean time hour angle. Sec. 65; example, sec. 68.

70. An altitude observation of the sun for time is made by a deter-

mination of the correct altitude of the sun's center and recording the

watch time at the moment of observation. The following order of

procedure is recommended for the compensation' of instrumental

errors, reduction to the sun's center, and elimination of differential

refraction:

A. M. Observation

Thoroughly level the transit.

Observe the sun's upper limb, recording the watch time of observa-

tion and vertical angle.

Reverse the transit.

Observe the sun's lower limb, recording the watch time of observa-

tion and vertical angle.

The mean vertical angle is equivalent to the vertical angle to the

sun's center corresponding to the mean of the watch readings.

P. M. Observation

Thoroughly level the transit.

Observe the sun's lower limb, recording the watch time of observa-

tion and vertical angle.

Reverse the transit.

Observe the sun's upper limb, recording the watch time of observa-

tion and vertical angle.

The mean vertical angle is equivalent to the vertical angle to the

sun's center corresponding to the mean of the watch readings.

70
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Tlie first equation is designed for logarithmic reduction; it is espe
cia.lly convenient when the altitude observation is to be reduced both 
for time and azimuth. 

The second equation is to be preferred when using natural trigo
nometric functions in combination with logarithms of numbers; or, 
the na.tural functions and the computing machine; the solving of the 
equation may be accomplished quickly on either plan. 

Both equations are applicable for the altitude observation, either 
upon the sun, or upon a star in the equatorial belt. 

The hour angle for an observation on the sun is rated directly in 
the solar time interval, giving at once the apparent time of a p. m. 
observation. Subtracting the hour angle from noon (12hoom) gives 
the apparent time of an a. m. observation. In both reductions the 
equation of time is applied to obtain the correct local mean time of 
the observation. 

In the stellar observation, the hour angle (t) is in terms of the 
sidereal rate i a subtraction of 10 seconds per hour will give the equiva
lent mea.n time hour angle. Sec. 65; example, sec. 68. 

70. An altitude observation of the sun for time is made by a deter
mination of the correct altitude of the sun's center and recording the 
watch time at the moment of observation. The following order of 
procedure is recommended for the compensation" of instrumental 
errors, reduction to the sun's center, and elimination of differential 
refraction: 

A. M. Observation 

Thoroughly level the transit. 
Observe the sun's upper limb, recording the watch time of observa

tion and vertical angle. 
Reverse the transit. 
Observe the sun's lower limb, recording the watch time of observa

tion and vertical angle. 
The mean vertical angle is equivalent to the vertical angle to the 

sun's center corresponding to the mean of the watch readings. 

P. M. Observation 

Thoroughly level the transit. 
Observe the sun's lower limb, recording the watch time of observa

tion and vertical angle. 
Reverse the transit. 
Observe the sun's upper limb, recording the watch time of observa

tion and vertical angle. 
The mean vertical angle is equivalent to the vertical angle to the 

sun's center corresponding to the mean of the watch readings. 
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72 MANUAL 07 SURVEYING INSTRUCTIONS

In all altitude observations on the sun, the value of the sun's

parallax at that elevation is to be added to the observed vertical

angle.

In the recording of the above and similar observations, the con-

ventional usage of the term "direct sighting" means that in this posi-

tion the telescope-bubble is beneath the telescope; in "reversed

sighting," the telescope-bubble is above.

The refinement of the result depends upon the certainty of the

latitude, and upon the accuracy of the vertical angle readings. The

possibility of slight error in vernier setting, or in eccentricity of the

vertical circle, is largely compensated by making two observations

and reductions, one in the a. m. and one in the p. m.

The vertical angle readings to a star should be made in both direct

and reversed positions of the telescope, taking the mean for watch

time and vertical angle.

As noted above, additional refinement may be secured by two obser-

vations, one upon a star SE. and the second upon the same star SW.,

or another star SW., usually the latter. An observation may be made

on the sun SW. and a star SE., or the sun SE. and a star SW., to give

the desired compensation in vertical angle readings.

Uncertainty in Latitude

In either of the above observations, on the sun or on a star, the

balancing of an observation SE. with one SW. will compensate for

an uncertainty in latitude, approaching elimination when the vertical

angle readings have about the same value, and the positions in declina-

tion not too far apart.

Example of altitude observation of the sun for apparent time; and

reduction to watch correction local mean time:

Transcribed field notes

September 4, 1944, at camp in sec. 5, T. 28 S., R. 3 W., Willamette meridian,

Oregon, in latitude 43Â°25'30" N., and longitude 123Â°04'25" W., at temperature

96Â° F.', and elevation above sea level 950 ft., I make an altitude observation of the

sun for time, making two observations, one each with the telescope in direct and

reversed positions, observing opposite limbs of the sun:

Mean observed vertical angle =28Â°18'30"

Sun's declination =6Â°57'02" N.

Mean watch time of observation =3h59,,,27â�  p. m.

Watch fast of local mean time â�� \\mh&
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In all altitude observations on the sun, the value of the sun's 
parallax at that elevation is to be added to the observed vertical 
angle. 

In the recording of the above and similar observations, the con
ventiona.l usage of the term "direct sighting" means that in this posi
tion the telescope-bubble is beneath the telescope; in "reversed 
sighting," the telescope-bubble is above. 

The refinement of the result depends upon the certainty of the 
latitude, and upon the accuracy of the vertical angle readings. The 
possibility of slight error in vernier setting, or in eccentricity of the 
vertical circle, is largely compensated by making two observations 
and reductions, one in the a. m. and one in the p. m. 

The vertical angle readings to a star should be made in both direct 
and reversed positions of the telescope, taking the mean for watch 
time and vertical angle. 

As noted above, additional refinement may be secured by two obser
vations, one upon a star SE. and the second upon the same star SW., 
or another star SW., usually the latter. An observation may be made 
on the Sull SW. and a star SE., or the sun SE. and a star SW., to give 
the desired compensation in vertical angle readings. 

Uncertainty In Latitude 

In either of the above observations, on the sun or on a star, the 
balancing of an observation SE. with one SW. will compensa.te for 
an uncertainty in latitude, approaching elimination when the vertical 
angle readings have about the same value, and the positions in declina
tion not too far apart. 

Example of altitude observation of the sun for apparent time; and 
reduction to watch correction local mean time: 

Transcribed field notes 

September 4, 1944, at camp in sec. 5, T. 28 S., R. 3 W., Willamette meridian, 
Oregon, in latitude 43°25'30" N., and longitude 123°04'25" W., at temperature 
96° F:, and elevation above sea level 950 ft., I make an altitude observation of the 
sun for time, making two observations, one each with the telescope in direct and 
reversed positions, observing opposite limbs of the sun: 

70 

Mean observed vertical angle =28°18'30" 
Sun's declination =6°57'02" N. 
Mean watch time of observation =3 h59m 27" p. ID. 

Watch fast of local mean time - U m 5& 
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Field record

Telescope

Sun's limbs

Watch time

Vertical angle

Direct.

Reversed.

jcl

Mean

Refraction = 1' 47"X.92X.98

Parallax

IT

3t 58m 00"

4 00 54

28Â° 19' 00"

28 18 00

3h 59m 27-

28Â° 18' 30" = v.

..= -1 36

..= +0 08

h = 28Â° 17' 02"

True vertical angle =A = 2SÂ°17'02"

Zenith distance = f= 61Â°42'58"

Sun's declination

- a= 6Â°57'02" N.

Latitude

= 4> = 43Â°25'30" N.

f= 61Â°42'58"

r=61Â°42'58"

<t>= 43 25 30

*=43 25 30

rt = 105Â°08'28"

(f-0) = 18Â°17'28"

*= 6 57 02(+)

Â« = 6 57 02 (+)

(f + *+*) = 112Â°05'30" 5GÂ°02'45

H values =

12Â°37'15'

({â�¢-<Â£+Â«) = 25Â°14'30"

(f+0) = lO5Â°O8'28"

i= 6 57 02(+)

% values=

(r+<fr-S)= 98Â°11'26" 49Â°05'43" 5a40'13'

18Â°17'28"

6 57 02( + )

(r-*-5) = llÂ°20'26"

log sin H(f+*-Â«) =

" sin %([-<,+1) =

9.878407

9.339448

" cos M(r+*+Â«) = 9.747046

" cos H(f-*-Â«) = 9.997870

9.217855

9.744916

9.744916

57Â° = 3h48'Â»00'

11' = 0n,44Â«

20"= 1"

" ten1 VA =

" tan VA â�¢=

9.472939

9.736469

&=28Â°35'40"

Â»-57Â°ll':

>0"

Apparent time of observation

Equation of time

= 3k48Â°

= - 1

>45'

12

P.

m.

Local mean time of observation

Watch time of observation

= 3h47"Â°33Â«

= 3 59 27

P-

P-

m.

m.

Watch fast of local mean time

=ll-54'

700004'
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Field record 

Telescope Sun's limbs Watch time Vertical angle 
----

Direct ____________________ 4- 3h 58m 00· 28° 19' 00" 

4 00 54 28 18 00 Reversed __________________ ~ 

Mean ________________ ... 1 3h 59m 27· 28° 18' 30"=v. 
Refraction = l' 47"X .92X .98 ____________________________ = 
Parallax _______________________________________________ = -1 36 

+0 08 

h=28° 17' 02" 

True vertical angle 
Zenith dit4ance 
Sun's declination 
Latitude 

r= 61°42'58" 
~= 43 2530 

=h=2S017'02" 
= .\=61°42'58" 
= 6= 6°57'02" N. 
=4>=43°25'30" N. 

t= 61 °42' 58" 
4>=43 2530 

<r+q,) = 105°08'28" 
c1= 6 5702 <+> 

(.\-4» = 18°17'28" 
8=65702(+) 

~ vallles= 
5Go02' 45" 12°37' 15" 

(r+q,) = 105°08'28" 
8= 6 5702 <+) 

(r- 4» = 18° 17'28" 
8= 6 5702 (+) 

~ values= 
49°05' 43" 5<140' 13" (.\- 4>- 15) = 11 °20'26" 

log sin ~Hr+q,-c5)= 
" sin ~(r-4>+a) = 

" cos ~(r+4>+8)=9.747046 
" cos ~cr-~-c1)=9.997870 

" tan' ~t 
" tan ~t 

== -
9.744916 

Apparent time of observation 
Equation of time 

Local mean time of observation 
Watch time of observation 

Watch fast of local mean time 

9.878407 
9.339448 

9.217855 

9.744916 

9.472939 
9.736469 

t= 57° 11 '20" 

57° = 3 h48mOO· 
11' = Om44· 
20"= 1-

- 3~48tD45· p. m. 
- - 1 12 

3h47m33· p. m. 
- 3 59 27 p. m. 
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Example of altitude observation of a star for local mean time:

Transcribed field notes

October 25,1944, lh7Â» after sunset, at my station in 8W% NWtf sec. 25, T. 1 N..

R. 1 E., Willamette Meridian, Oregon, in latitude 45Â°32'30" N., and longitude

122Â°39' W., at temperature 50Â° F., and barometric pressure 29.6 ins., I make an

observation of the star a Ophiuchi, No. 22/44, Mag. 2.1, for time, making two

observations, one each with the telescope in direct and reversed positions:

Mean observed vertical angle =41Â°52' 45"

Mean watch time of observation = 6h12m13*

Watch fast of local mean time = 11"02'

Field record

Tilrseopc

Watch time

Vertical angle

Direct ..

6Â»10Â»34-

6 13 53

42Â°07'30"

41 38 00

Reversed.

Mean

6h12=13"

41Â°52'45"=v.

Refraction,

-1 04

A=41Â°51'41"

Gr. m. t. star's transit, Oct. 1Â« - = 3h52Â»12' p. m.

Reduetionto Oct. 25 = -35 24

Reduction to long. 122Â°39' W .= -1 20

Star's transit, l.m.t., Oct. 25 = 3Iâ�¢15Â»28â�  p. m.

sin h

Cos *= â�¢

COS lp cos 9

True vertical angle

Latitude

Star's declination

k=

â�¦=

a=

Cos

. 70039

. 97951

. 68352

Cost=

{= 41Â°32'37"

= 2>>46=>10-

-27

Sin

66733

. 97631

. 22786

. 74845

â�� tan <t> tan S

= A = 41Â°51'41"

= *=45Â°32'30" N.

= *=12Â°36'12" N.

Tan

1. 01909

. 22359

. 22786 (Products)

(Fraction)

d>iff.+)

2h45Â°43'

3 15 28

BMU-U*

6 12 13

Sidereal h. a.

Reduction to m. t. h. a.

Mean time h. a.

Star's transit, p. m., 1. m. t.

Correct 1. m. t. of obsn.

Watch time of obsn.

11-02- Watch fast of 1. m. t.
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Example of altitude observation of a star for local mean time: 
Transcribed.field notes 

October 25,1944, I h7m after sunset, at my station in SW~ NW~ sec. 25, T. 1 N .• 
R. 1 E., Willamette Meridian, Oregon, in latitude 45°32'30" N., and longitude 
122°39' W., at temperature 50° F., and barometric pressure 29.6 ins., I make an 
observation of the star a Ophiuchi, No. 22i44, Mag. 2.1, for time, making two 
observations, one each with the telescope in direct and reversed positions: 

Mean observed vertical angle =41°52' 45" 
Mean watch time of observation = 6h12m13· 
Watch fast of local mean time ... llm02· 

Field record 

Watch time V('rtlcal angle 

Dir~ct _________________________________ _ 
42°07'30" 
41 3800 Revcrscd ______________________________ _ 

Mean_ _______________ __ _ _ __ _ _ _ __ _ 6h 12m13· 41°52'45"=v. 
Refraction ______________________________________________ = -1 04 

h=41 °51'41" 

Gr. m. t. star's tranRit, Oct. Jli ____________________________ =3 h52mI2· p. m. 
Reduction to OPt. 2.1 ____________________________ =-35 24 
Reduction to long. 122°39' W _____________________________ = -1 20 
Star's transit, l.m.t., Oct. 25 _______________________________ =3h I5m28" p. m. 

C t 
sin h 

OS = - tan (j) tan cl 
COB q, COB IS 

True vertical angle =h=41°51'41" 
Latitude =q,=45°32'30" N. 
Star's declination = &= 12°36'12" N. 

Cos Sin Tan 
h= .66733 
q,= .70039 1. 01909 
.= .97951 .22359 

.68352 .22786 (Products) 
.97631 (Fraction) 
.22786 
---

Cost= .74846 (DUf.+> 
t= 41°32'37" - 2 h46m lO· Sidereal h. a. 

-27 Reduction to m. t. h. a. 

2h45m43· Mean time h. a. 
3 15 28 Star's transit, p. m., 1. m. t. 

6hOlmll· Correct 1. m. t. of obsn. 
6 12 13 Watch time of obsn. 

llm02" Watch fast of 1. m ... 
--
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Meridian Observation of the Sun for Apparent Noon

71. Meridian observation oj the sun for apparent noon.â��With the

telescope in the meridian elevated to the sun's altitude, the watch

times of transit of the sun's west and east limbs are noted, the mean

of which is the watch time of apparent noon. If the observation fails

for either limb the reduction to the sun's center is accomplished by

adding or subtracting 68 seconds; a refinement in the amount of this

interval is had by referring to the Ephemeris for the time of the sun's

semi-diameter passing the meridian for the date of observation.

The setting for the approximate altitude of the sun's center is:

c^90Â°â��4>Â±8

Observing Program

Determine the meridian by the best means at hand and compute

the vertical angle setting for the sun.

Level the transit, place the instrument in the meridian, and elevate

the telescope to the altitude of the sun's center.

Note the watch time of the sun's west limb tangent to the vertical

wire.

Note the watch time of the sun's east limb tangent to the vertical

wire.

Take the mean of the readings for the watch time of apparent

noon from which to compute the watch error local mean time.

The refinement in this observation depends mostly on the direction

of the sighting for meridian. A small discrepancy in direction is

scarcely appreciable for ordinary requirements, i. e.â��to secure a

watch correction in local mean time with necessary accuracy for

making the Polaris observations for azimuth and latitude by the hour

angle method.

Stellar Observations

The stellar observation is useful any time of year; it is especially

desirable in the period when the sun reaches a meridian altitude

exceeding 60Â° or 65Â°.

There is no difficulty in picking up the meridian passage of a star

whenever the conditions for visibility are good. Most of the selected

stars are brighter than Polaris; some of them can be observed all

through the day if the sky is clear and free from haze.

After the initial preparations have been made for a Polaris observa-

tion, including the marking of a meridian reference mark by solar

transit orientation, or by reference to lines previously determined, it

is good practice to include the meridian passage of a star in the

observing program, in this manner arriving at the watch correction

71
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Meridian Observation of the Sun for Apparent Noon 

71. Meridian observation oj the sun jor apparent noon.-With the 
telescope in the meridian elevated to the sun's altitude, the watch 
times of transit of the sun's west and east limbs are noted, the mean 
of which is the watch time of apparent noon. If the observation fails 
for either limb the reduction to the sun's center is accomplished by 
adding or subtracting 68 seconds; a refinement in the amount of this 
interval is had by referring to the Ephemeris for the time of the sun's 
semi-diameter passing the meridian for the date of observation. 

The setting for the approximate altitude of the sun's center is: 

t1~ 90°-</> ± c5 

Observing Program 

Determine the meridian by the best means at hand and compute 
the vertical angle setting for the sun. 

Level the transit, place the instrument in the meridian, and elevate 
the telescope to the altitude of the sun's center. 

Note the watch time of the sun's west limb tangent to the vertical 
Wll'e. 

Note the watch time of the sun's east limb tangent to the vertical . 
Wll"e. 

Take the mean of the readings for the watch time of apparent 
noon from which to compute the watch error local mean time. 

The refinement in this observation depends mostly on the direction 
of the sighting for meridian. A small discrepancy in direction is 
scarcely .appreciable for ordinary requirements, i. e.-to secure a 
watch correction in local mean time with necessary accuracy for 
making the Polaris observations for azimuth and latitude by the hour 
angle method. 

Stellar Observations 

The stellar observation is useful any time of year; it is especially 
desirable in the period when the sun reaches a meridian altitude 
exceeding 60° or 65°. 

There is no difficulty in picking up the meridian passage of a star 
when~ver the conditions for visibility are good. Most of the selected 
stars are brighter than Polaris; some of them can be observed all 
through the day if the sky is clear and free from haze. 

After the initial preparations have been made for a Polaris observa~ 
tion, including the marking of a meridian reference mark by solar 
transit orientation, or by reference to lines previously determined, it 
is good practice to include the meridian passage of a star in the 
observing program, in this manner arriving at the watch correction 
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local mean time just when needed and on the most direct plan under

the usual field conditions.

Example of meridian observation of the sun for apparent noon, and

reduction to watch correction local mean time:

Transcribed field notes

September 9, 1944, in latitude 42Â°32'24" N., and longitude 119Â°46'30" W.,

Oregon, with the telescope in the meridian and elevated to the sun's altitude,

I observe the sun's transit for time, noting the watch time of transit of each limb:

Mean watch time of apparent noon = llll55,n52â�¢

Watch slow of local mean time â�� lm18*

Field record

Setting: 90Â°00'

4> * (-) 42Â°32'

8 ^ (+) 5Â°08'

Â» r*

52Â°36'

4-

Watch time of transit, W. limb =U*>54m4&'

Watch time of transit, E. limb Â«=11 56 56

Watch time of apparent noon . = llh55m52â�¢

Apparent noon = 12h00m00Â»

Equation of time = â�� 2 50

Local mean time of apparent noon =11 57 10

Watch slow of local mean time = 1"18"

Example of meridian observation of a star for local mean time:

Transcribed Field Notes

October 26, 1944, on a meridian previously established at my station, in SW}{

NWJi sec. 25, T. 1 N., R. 1 E., Willamette Meridian, Oregon, in latitude 45Â°32'30"

N., and longitude 122Â°39' W., with the telescope in the meridian and elevated

to the star's altitude, I observe the transit of the star a Aquilae (Altair), No.

25/49, Mag. 0.9, for time:

Watch time of star's transit =5h37m55* p. m.

Watch fast of local mean time = lO10 57*

Field Record

Setting: 90Â°00'

* 7* (â��) 45 32

S * (+) 8 43

v 5*

53Â°11'
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local mean time just when needed and on the most direct plan under 
the usual field conditions. 

Example of meridian observation of the 8 un for apparent noon, and 
reduction to watch correction local mean time: 

Transcribed field notes 
September 9, 1944, in latitude 42°32'24" N., and longitude 119°46'30" W" 

Oregon, with the telescope in the meridian and elevated to the sun's altitude, 
I observe the sun's transit for time, noting the watch time of transit of each limb: 

Mean watch time of apparent noon = 11 b55m52" 
Watch slow of local mean time - I-IS" 

Field record 

Setting: 90°00' 
q, ;c (-) 42°32' 
a ;c (+) 5°0S' 

~ Watch time of transit, W. limb = 11 bMm4S" 

-f1- Watch time of transit, E. limb -11 56 56 

Watch time of apparent noon. -=llh55m52" 
Apparent noon = 121100mOO' 
Equation of time = -2 50 

Local mean time of apparent noon == 11 57 10 

Watch slow of local mean time -
Example of meridian observation of a star for local mean time: 

Transcribed Field Notes 

October 26, 1944, on a meridian previously established at my station, in SW~ 
NW}{ sec. 25, T. 1 N., R. 1 E., Willamette Meridian, Oregon, in latitude 45°32'30" 
N., and longitude 122°39' W., with the telescope in the meridian and elevated 
to the star's altitude, I observe the transit of the star a Aquilae (Altair), No. 
25/49, Mag. 0.9, for time: 

71 

Watch time of star's transit =5b37m55" p. m. 
Watch fast of local mean time - 10m 57" 
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Field Record 

Setting: 90°00' 
f/>;c (-) 45 32 
8 ;o! (+) S 43 
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Gr. m. t. star's transit, Oct. 16 = 6h07m36Â» p. m.

Reduction to Oct. 26 =(â��) 39 18

Reduction to long. 122Â°39' W. = (-) 1 20

Star's transit, 1. m. t. = 5h26m58' p. m.

Watch time of star's transit = 5h37m55" p. m.

Watch fast of local mean time = 10m57*

Apparent Time From the Solar Unit

72. The solar unit of the General Land Office solar transit has a

graduated hour circle that is mounted normal to the polar axis. The

readings are indicated at intervals of 10 minutes from 6 a. m. to 6 p. m.,

apparent time; the readings may be estimated to about Â± 1 or 2

minutes. This accuracy is good for taking out the sun's decimations,

which are calculated in terms of apparent time. It can be an approxi-

mate check upon the altitude and meridian observations on the sun

for apparent time.

By applying the equation of time to the reading of the hour circle,

the watch may be set to approximate local mean time, with the

tolerance indicated above. This will give a watch reading in local

mean time sufficiently accurate for the finding positions for the stellar

observations. This watch reading is also sufficiently accurate for

making the azimuth observation on Polaris at elongation; also, the

latitude observation on Polaris at culmination.

One of the exact methods for time determination should be made

when needed to ascertain the watch correction in local mean time

with necessary accuracy for use in the hour angle observations on

Polaris.

LATITUDE

73. Emphasis must be given to precision in latitude. The value at

the station of observation enters into the determination of the direc-

tion of the lines and related calculations in practically all of the work,

day by day through the field season, and in the platting and mapping

of the cadastral survey.

Many of the older maps (sec. 47) can not be relied upon for value

in latitude. The maps bearing later dates need checking for the sources

and reliability of the latitude data. The values that are given on the

township plats must be questioned in the same manner. Heretofore

the plats have not indicated the sources of the data. If field observa-

tions have been made the record should be found in the field notes.

If connecting lines have been run to geodetic stations of the United

States Coast and Geodetic Survey, or to stations of the Geological

Survey, this data should be entered in the field notes. The values
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Gr. m. t. star's transit, Oct. 16 - 6 b07m36a p. m. 
Reduction to Oct. 26 = ( - ) 39 18 
Reduction to long. 122°39' W: = (-) 1 20 

Star's transit, l. m. t. 
Watch time of star's transit 

Watch fast of local mean time 

- 5b26m58· p. m. 
5 b37m 55· p. m. 

Apparent Time From the Solar Unit 
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72. The solar unit of the General Land Office solar transit h88 a 
graduated hour circle that is mounted normal to the polar axis. The 
readings are indicated at intervals of 10 minutes from 6 a. m. to 6 p. m., 
apparent time; the readings may be estimated to about ± 1 or 2 
minutes. This accuracy is good for taking out the sun's declinations, 
which are calculated in terms of apparent time. It can be an approxi
mate check upon the altitude and meridian observations on the sun 
for apparent time. 

By applying the equation of time to the reading of the hour circle, 
the watch may be set to approximate local mean time, with the 
tolerance indicated above. This will give a watch reading in local 
mean time sufficiently accurate for the finding positions for the stellar 
observations. This watch reading is also sufficiently accurate for 
making the azimuth observation on Polaris at elongation; also, the 
latitude observation on Polaris at culmination. 

One of the exact methods for time determination should be made 
when needed to ascertain the watch correction in local mean time 
with necessary accuracy for use in the hour angle observations on 
Polaris. 

-LATITUDE 

73. Emphasis must be given to precision in latitude. The value at 
the station of observation enters into the determination of the direc
tion of the lines and related calculations in practically all of the work, 
day by day through the field season, and in the platting and mapping 
of the cadastral survey. 

Many of the older maps (sec. 47) can not be relied upon for value 
in latitude. The maps bearing later dates need. checking for the sources 
and reliability of the latitude data. The values that are given on the 
township plats must be questioned in the same manner. Heretofore 
the plats have not indicated the sources of the data. If field observa
tions have been made the record should be found in the field notes. 
H connecting lines have been run to geodetic stations of the United 
States Coast and Geodetic Survey, or to stations of the Geological 
Sunrey J this data should be entered in the field notes. The values 
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given on the township plats should not be shown in seconds unless

based on accurate data.

So much importance attaches to the true value in latitude that

the cadastral survey is scarcely complete without including a number

of latitude observations within the area of the survey. The values

that are derived from the several observations should be reduced to a

common line for comparison, usually the south boundary of the

township.

A careful distinction should be made between true latitude, and

instrumental latitude. The latter is a term that is applied to the

reading of the latitude arc of the solar unit in the noon observation when

the declination has been set by exact methods (independently of the

reading of the graduations). The instrumental latitude is a conveni-

ence for setting the readings of the latitude arc in solar transit orienta-

tion; it differs from the true latitude by the amount of the vernier error

or index correction in that position of the arc. Section 46; Manual

Appendix II, section 79.

The first part of table 2, Standard Field Tables, has been arranged

for the reference of the latitude of any point within a township to

the south boundary, the only argument being the miles and chains

distant from the south boundary. Thus with the use of this table

all observations for latitude within a township may be reduced to

the south boundary; and conversely, given the latitude of the south

boundary of a township, the latitude of any station within the town-

ship may readily be obtained by applying the difference given in the

table for the known distance north.

Meridian Altitude Observation for Latitude

74. Meridian altitude observation of the sun for latitude.â��Reverse

the sign of 6 for south declinations:

4>=90Â°+Sâ��h

The following observing program is recommended:

Thoroughly level the transit and place the telescope in the meridian

elevated to the sun's approximate altitude at noon.

Observe the altitude of the sun's lower limb with the sun slightly

east of the meridian.

Reverse the transit.

Observe the altitude of the sun's upper limb with the sun slightly

west of the meridian.

Take the mean observed vertical angle for the altitude of the sun's

center at apparent noon.

The important factor in this observation is exactness in vertical

angle. The observation may be duplicated by vertical angle read-
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given on the township plats should not be shown in seconds unless 
based on accurate data. 

So much importance attaches to the true value in latitude that 
the cadastral survey is scarcely complete without including a number 
of latitude observations within the area of the survey. The values 
that are derived from the several observations should be reduced to a 
common line for comparison, usually the south boundary of the 
township. 

A careful distinction should be made between true latitude, and 
instrumental latitude. The latter is a term that is applied to the 
reading of the latiJude arc oj the 80lar unit in the noon observation when 
the declination has been set by exact methods (independently of the 
reading of the graduations). The instrumental latitude is a conveni
ence for setting the readings of the latitude arc in solar transit orienta
tion; it differs from the true latitude by the amount of the vernier error 
or index correction in that position of the arc. Section 46; Manual 
Appendix II, section 79. 

The first part of table 2, Standard Field Tables, has been arranged 
for the reference of the latitude of any point within a township to 
the south boundary, the only argwnent being the miles and chains 
distant from the south boundary. Thus with the use of this table 
all observations for latitude within a township may be reduced to 
the south boundary; and conversely, given the latitude of the south 
boundary of a township, the latitude of any station within the town
ship may readily be obtained by applying the difference given in the 
table for the known distance north. 

Meridian Altitude Observation for Latitude 
74. Meridian altitude ob.flervation oj the sun Jor latitude.-Reverse 

the sign of ~ for south declinations: 

q,=90o+6-h. 

The following observing program is recommended: 
Thoroughly level the transit and place the telescope in the meridian 

elevated to the sun's approximate altitude at noon. 
Observe the altitude of the sun's lower limb with the sun slightly 

east of the meridian. 
Reverse the transit. 
Observe the altitude of the sun's upper limb with the sun slightly 

west of the meridian. 
Take the mean observed vertical angle for the altitude of the sun's 

center at apparent noon. 
The important factor in this observation is exactness in vertical 

angle. The observation may be duplicated by vertical angle read-
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ings on stars within the equatorial belt at meridian passage, using

the same equation:

4,=90Â°Â±3-A

The resulting values in latitude should agree within the limits of

the precision of the instrument. The uncertain factor is the value

of the observed vertical angle; this may be compensated by balanc-

ing an observation within the equatorial belt by an observation on

Polaris at upper or lower culmination, or by latitude observation

on Polaris by the hour angle method.

Example of meridian altitude observation of the sun for latitude:

Transcribed field notes

October 27, 1944, at the cor. of sees. 32 and 33, on the S. bdy. of T. 1 S., R.

27 W., 5th Prin. Mer., Arkansas, in approximate latitude 34Â°36' N., and longi-

tude 93Â°54' W., I make a meridian observation of the sun for latitude, observing

the altitude of the sun's lower limb with the telescope in direct position, reversing

the telescope and observing the sun's upper limb:

Apparent time of observation, noon =12"00'I1008

Mean observed altitude =42Â°30' 00"

Reduced latitude Â«=34Â°36' 03"

Â°r-

Field record

Setting:

90Â°00'

4>?Â±(-) 34Â°36' N

Â«;*(-) 12Â°55' S

e>^42Â°29'

Lower limb 42Â° 13'

Upper limb 42Â°45'

Observed alt., lower limb, tel. dir.

Observed alt., upper limb, tel. rev.

=42Â°13'30"

= 42Â°46'30"

Mean observed altitude, v

Transit index correction

Refraction

Parallax

= 42Â°30'00"

= -0 30

= -1 03

= +0 08

7i=42Â°28'35"

Decl., Gr. app. noon = 12Â°50'05. 0"

S.

Reduced to long. 93Â°54' =

6.26 X 50.69" = 317.3"= +5'17. 3"

S.

12Â°55'22. 3"

4>=34Â°36'03" N. = 90Â°-Â«-A

s.

12Â°55'22" S

= 34Â°36'03"

Â°rwvnn"

80Â°00'00
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ings on stars within the equatorial belt at meridian passage, usmg 
the same equation: 

q,=90 0 ±o-h 

The resulting values in latitude should agree within the limits of 
the precision of the instrument. The uncertain factor is the value 
of the observed vertical angle; this may be compensated by balanc
ing an observation within the equatorial belt by an observation on 
Polaris at upper or lower culmination, or by latitude observation 
on Polaris by the hour angle method. 

Example of meridian altitude observation of the sun for latitude: 

Transcribed field notes 

October 27, 1944, at the cor. of sees. 32 and 33, on the 8. bdy. of T. 1 S., R. 
27 W., 5th Prin. Mer., Arkansas, in approximate latitude 34°36' N., and longi
tude 93°54' W., I make a meridian observation of the sun for latitude, observing 
the altitude of the sun's lower limb with the telescope in direct position, reversing 
the telescope and observing the sun's upper limb: 

Apparent time of observation, noon = 12nOOmOO· 
Mean observed altitude =42°30' 00" 
Reduced latitude -=34°36' 03" 

Field record 

Setting: 

Lower limb 
Upper limb 

90°00' 
",¢ (-) 34°36' N. 
~¢ (-) 12°55' S . 

.,~42°29' 

42°13' 
42°45' 

q- Observed alt., lower limb, tel. dir. 
-b Observed alt., upper limb, tel. rev. 

Mean observed altitude, f) 

Transit index correction 
Refraction 
Parallax 

=42°13'30" 
=42°46'30" 

=42°30'00" 
0::: -030 
- -103 
- +0 os 

h=42°2S'35" 
Decl., Gr. app. noon ... 12°50'05.0" S. 
Reduced to long. 93°54' = 
6.26 X50.69"=317.3" = +5'17.3" S. 
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12°55'22. 3" S. 
12°55'22" S. 

-34°36'03" 

90°00'00" 
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Example of meridian altitude observation of a star for latitude:

Transcribed field notes

March 7, 1945, 6h 10m p.m. l.m.t., at my station on the S. shore of Sanibel

Island, Florida, in approximate latitude 26Â°25' N., and longitude 82Â°04'15" W.,

at temperature of 55Â° F., with the telescope in the meridian and elevated to the

star's altitude, I make a meridian altitude observation of the star 0 Orionis

(Rigel), No. 7/11, Mag. 0.3, for latitude, making two observations, one each with

the telescope in direct and reversed positions:

Local mean time of star's

Mean observed altitude

Reduced latitude

transit

= 6h 10.6" p. m.

= 55Â°19'00"

= 26Â°25'40"

Fide

! record

Setting:

90Â°00'

**26Â°25' N.

i* 8Â° 16' S.

v yi 55Â° 19'

Observed altitude, tel. dir.

tel. rev

= 55Â°19'00"

Â«=55Â°19'00"

Mean

Refraction

v = 55Â°19'00"

r= -0 40

h=55Â°18'20"

90Â°00'00"

-) 8 16 00 S.

-)55 18 20

* = (-

h=(-

*=90Â°-J-h

26Â°25'40" N

75. The usual field practice is to combine the meridian passage

observation to include the watch time, for correction in local mean

time, and vertical angle for reduction to the latitude of the station.

In observing the sun, take simultaneously the lower and west

limbs, recording the watch time and the vertical angle. There will be

an interval of about 2 minutes in which to reverse the position of the

telescope. Then observe simultaneously the sun's upper and east

limbs, recording the watch time and the vertical angle.

The settings for the approximate altitudes may be derived from

the equation:

v?Â£90o-<t>Â±S:Â¥l6,

A similar observation for time and latitude may be made on any

star within the equatorial belt. There will be the time record just at

meridian passage; the transit may be reversed for the second reading

in vertical angle.
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Example of meridian altitude observation of a star for latitude: 

Transcribed field notes 
March 7, 1945, 6 b 10m p.m. l.m.t., at my station on the S. shore of Sanibel 

Island, Florida, in approximate latitude 26°25' N., and longitude 82°04'15" W., 
at temperature of 55° F., with the telescope in the meridian and elevated to the 
star's altitude, I make a meridian altitude observation of the star 13 Orionis 
(Rigel), No. 7/11, Mag. 0.3, for latitude, making two observations, one each with 
the telescope in direct and reversed positions: 

Local mean time of star's transit 
Mean observed altitude 

==6h 10.8m p. m. 
-55°19'00" 

Reduced latitude 

Setting: 

Observed altitude, tel. dir. 
" "tel. rev. 

Mean 
Refraction 

= 26°25' 40" 

Field record 
90°00' 

q,~ 26°25' N. 
a~ 8°16' 8. 

=55°19'00" 
=55°19'00" 

v=55°19'OO" 
r= -040 

90°00'00" 
a = ( -) 8 16 00 S. 
h= (- )55 1820 

75. The usual field practice is to combine the meridi.an passage 
observation to include the watch time, for correction in local mean 
time, and vertical angle for reduction to the latitude of the station. 

In observing the sun, take simultaneously the lower and west 
limbs, recording the watch time and the vertical angle. There will be 
an interval of about 2 minutes in which to reverse th~ position of the 
telesrope. Then observe simultaneously the sun's upper and east 
limbs, recording the watch time and the vertical angle. 

The settings for the approximate altitudes may be derived from 
the equation: 

v~900-4>±(Ff 16' 
A similar observation for time and latitude may be made on any 

star within the equatorial belt. There will be the time record just at 
meridian passage; the transit may be reversed for the second reading 
in vertical angle. 
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Example of meridian observation of the sun for time and latitude:

Transcribed field notes

September 10, 1944, in approximate latitude 41Â°35' N., and longitude 109Â°5&'3

W., Wyoming, at temperature +50Â° F., and elevation above sea level 6,500 ft.,

I make a meridian observation of the sun for time and latitude, observing simul-

taneously the altitude of the sun's lower limb and the transit of the sun's west

limb, reversing the telescope and observing simultaneously the altitude of the

sun's upper limb and the transit of the sun's east limb:

Mean observed altitude =53Â°11'45"

Reduced latitude =41Â°35'07"

Mean watch time of observation =llh 57â�¢ 22*

Watch fast of local mean time â�� 33"

Field record

Setting: 90Â°00'

4>*(-)41Â°35'N.

Â«*(+) 4Â°46' N.

v* 53Â°11'

Lower limb * 52Â°55'

Upper limb* 53Â°27'

Telescope

Sun

Watch time transit

Observed vertical

angle

Direct

11" 56" 18-

11 58 26

52Â° 55' 30"

Reversed ..... .

53 28 00

Mean.

lib 57m 22'

53Â° 11' 45"

Refraction (43" x0.8).

Parallax.

-34

+ 05

h = 53Â° 11' 16"

Â«Â«4Â°46'23" N.; 90Â° + Â»._ .. = 94 46' 23"

*=41Â°35'07" N. = 90Â°+J-h ... = 41Â° 35' 07"

Watch time of apparent noon '=\\>'b^m22â�¢

Apparent noon = 121,00â� I,00â� 

Equation of time, Gr. noon = â�� S^Oi'

Red. to long. 109Â° 58.1' W = -07

-3-ll-= -3 11

Local mean time of apparent noon = llh56nl49,= ll 56 49

Watch fast of local mean time ..=

33'

The accuracy of the reduced latitude is directly related to the

refinement of the value of the observed vertical angle. A better
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Example of meridian observation of the sun for time and latitude: 

Tra1UJcribed field notu 
September 10, 1944, in approximate latitude 41°35' N., and longitude 109°58.'3 

W., Wyoming, at temperature +50° F., and elevation above sea level 6,500 ft., 
I make a meridian observation of the sun for time and latitude, observing simul
taneously the altitude of the sun's lower limb and the transit of the sun's west 
limb, reversing the telescope and observing simultaneously the altitude of the 
sun's upper limb and the transit of the 8un'8 east limb: 

Mean observed altitude =53°11'45" 
Reduced latitude =41°35'07" 
Mean watch time of observation = llh 57m 22" 
Watch fast of local mean time - 33-

Field record 
Setting: 90°00' 

q,~(-)41°35' N. 
~~(+) 4°46'N. 

v~ 

Lower limb¢ 
Upper limbod 

53°11' 
52°55' 
53°27' 

Telescope Sun Wateb time tl'8Il8it Observed vertical 
angle 

Direct ______________________ 4 Ilh 561D lS" 52° 55' 30" 

lteversed ____________________ -b 11 5S 26 53 28 00 
Mean _________________ 

-------------- Ilh 57m 22- 53° 11' 45" Refraction (43" x 0.8) _____________________________________ = -34 
Parallax _________________________________________________ = + 05 

h _______________________________________________________ = 53° 11' 16" 
'-4°46'23" N.; 90°+3 ____________________________________ =94 46' 23" 

4>=41 °35'07" N.= 90°+ 3-h _______________________________ = 41 ° 35' 07" 

Watch time of apparent noon ___________________________________ =llb57m 22-
Apparent noon _____________________________________ ==12 bOOmOO-
EquatioD of time, Gr. DOOD _________________ = -3"'04" 
Red. to long. 100° 58.1' W _________________ = -07 

Local mean time of apparent noon ____________________ ==11h56m 49-=11 56 49 

Watch fast of local mean time __________________________________ = 33-

The accuracy of the reduced latitude is directly related to the 
refinement of the value of the observed vertical angle. A better 
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determination of the latitude by this method is possible only by making

a series of observations on successive days, or the observation may

be duplicated by vertical angle readings on stars within the equatorial

belt at meridian passage, and by combining the result with Polaris

observations for latitude. Section 76.

For a test of the accuracy of the time observation, the watch may

be compared with accurate standard time corrected for the longitude

of the station, as follows:

105th meridian time of comparison, radio time signal = 12H)0m00"

Correction for long. 109Â°58.1' W r = -19 53

Local mean time of comparison ssllMO^?'

Watch time of comparison =11 40 40

Watch fast of local mean time = 33'

Example of meridian observation of a star for time and latitude:

Transcribed field notes

August 29, 1944, in camp in sec. 19, T. 45 N., R. 5 E., New Mexico Prin.

Mer., Colorado, in approximate latitude 38Â°08' N., and longitude 108Â°21.1' W.,

at approximate temperature 60Â° F., and barometric pressure 22.1 ins., I make a

meridian observation of the star a Sagittarii, No. 24/48, Mag. 2.1, for time and

latitude, observing simultaneously the time of transit and the star's altitude,

reversing the telescope and observing the star's altitude:

Mean observed altitude

Eeduced latitude â�¢

Watch time of observation â�¢

Watch fast of local mean time <

Field record

=25Â°31'30"

â��88Â°07'58" N.

Â» 8h24Â°,42> p. m

- 5Â»57-

Setting: 90Â°00'

*5*38Â°08' N.

*^26Â°22' S.

Â»?Â£25o30'

Telescope

Watch time

Vertical angle

Direct

8h24Â»42Â»

25Â°31'30"

Reversed

25 31 30

Mean.

Refraction (120"X.75X.98).

8=26Â°22'00" S.; 90Â°-8

Â«s-88Â°07'68" N. = 90Â°-Â«-n_

=25Â°31'30"

= -1 28

.=25Â°30'02"

.=63 38 00

.=38Â°07'58"
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determination of the latitude by this method is possible only by making 
8. series of observations on successive days, or the observation may 
be duplicated by vertical angle readings on stars within the equatorial 
belt at meridian passage, and by combining the result with Polaris 
observations for latitude. Section 76. 

For a test of the accuracy of the time observation, the watch may 
be compared with accurate standard time corrected for the longitude 
of the station, as follows: 
105th meridian time of compa.rison, radio time signaL _____________ =12 hOOIll00" 
Correction for long. 109°58.1' W _____ ~--------------------------= -19 53 

Local mean time of comparison _________________________________ = 11 h4omG7" 
Watch time of comparieon _____________________________________ =l1 40 40 

Watch fast of local mean time __________________________________ = 33" 

Example of meridian observation of a star for time and latitude: 

Transcribed field notes 

August 29, 19«, in camp in sec. 19, T. 45 N., R. 5 E., New Mexico Prin. 
Mer., Colorado, in approximate latitude 38°08' N., and longitude 106°21.1' W., 
at approximate temperature 60° F., and barometric pressure 22.1 ins., I make a 
meridian observation of the star iT Sagittarii, No. 24/48, Mag. 2.1, for time and 
latitude, observing simultaneously the time of transit and the star's altitude, 
reversing the telescope and observing the star's altitude: 

Mean observed altitude 
Reduced latitude 
Watch time of observation 
Watch fast of local mean time 

Fi8ld record 
Setting: 90°00' 

=25°31 '30" 
-38°07'58" N . 
... 8 h2411142" p. m 
- 511157. 

oI>;;o!38°08' N. 
a;d 26°22' S. 

Telescope Watch time Vertbl angle 

Direct____ ______ ____ __ _ _ __ _ _ _ _ _ _ ____ _ _ _ _ _ 8h2411142" 25°31'30" 
25 31 30 

Reversed _______________________________ _ 

Mean ______________________________________________ =25°31'30" 
Refraction (120" X .75X .98) _ ___ _ _ ______ _ _ _ _ _ _ _ _ _ _ ____ __ _ = -1 28 

h ______________________________________________________ ==25°30'02" 
6=26°22'00" S.; 00°-6 __________________________________ =633800 

01>-88°07'58" N.-90o-a-h ___ -- ______ - _________________ =38°07'58" 
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Watch time of star's transit _ â�� 81,24'n42â�¢ p. m.

Star's transit, Gr. m. t.( Aug. 16 =9hllÂ»00' p. m.

Red. to Aug. 29 = â��6106

Red. to long. 106Â°21.1' - 1 09

Star's transit, local mean time 8fc18"45' 8h18""45* p. m.

Watch fast of local mean time = S^S?*

Altitude Observation of Polaris (or Latitude

76. Altitude observation of Polaris at upper culmination for latitude:

Altitude observation of Polaris at lower culmination for latitude:

The mean time hour angle of Polaris at lower culmination is 11

hours 58 minutes 2 seconds:

*=A+90Â°-Â«

The settings for the approximate altitude of Polaris at upper and

lower culminations, respectively, are:

v^4>Â±(90Â°-S)

The following program is recommended in altitude observations

of Polaris at culmination for latitude.

Compute the local mean time and watch time of culmination.

Thoroughly level the transit.

About four minutes before culmination observe the altitude of

Polaris with the telescope in direct position.

Reverse the transit and observe the altitude of Polaris.

Again level the transit.

Observe the altitude of Polaris with the telescope in the reversed

position.

Turn the transit to the direct position of the telescope and again

observe the altitude of Polaris.

Take the mean observed altitude to use in the reduction.

Example of altitude observation of Polaris at upper culmination for

latitude:

Transcribed field notes

August 31, 1944, at camp, in approximate latitude 33Â°23' N., and longitude

107Â°11.6' W., New Mexico, at approximate temperature 60Â° F., and elevation

above sea level 3,600 ft., I make an altitude observation of Polaris at upper

culmination for latitude, making four observations, two eaoh with the telescope

in direct and reversed positions:

Watch correct for 105th meridian time by

comparison with radio signals.

Mean watch time of observation = 3h17m01' a. m.

Mean observed vertical angle =34Â°24' 52"

Reduced latitude =83Â°23' 26" N.

T6
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Watch time of star's transit _______________________________ - 81124m.42- p. m. 
Star's transit, Gr. m. t., Aug. 16 _________ --=-9 11 11 .. 00- p. m. 
Red. to Aug. 29 ___________ =-51 06 
Red. to long. 106°21.1' ___________________ - 1 09 

Star's transit, local mean time _ _ _ _ _ _ _ _ _ _ _ _ 811 18m.45-

Watch fut of local mean time ____________________________ 0::: 5-57-

Altitude Observation of Polaris for Latitude 
76. Altit'lUk ob8ervation of POlaN al upper culmination for latitud6: 

q,=h+~-90o 

Altitude ob,errotion of Polaris at lower culmination for latitttde: 
The mean time hour angle of Polaris at lower culmina.tion is 11 
hours 58 minutes 2 seconds: 

.=h+900-~ 

The settings for the approximate altitude of Polaris at upper and 
lower culminations, respectively, are: 

v¢q,± (900-~) 

The following program is recommended m altitude observa.tions 
of Polaris at culmination for latitude. 

Compute the local mean time and watch time of culmination. 
Thoroughly level the transit. 
About four minutes before culmination observe the a.ltitude of 

Polaris with the telescope in direct position. 
Reverse the transit and observe the altitude of Polaris. 
Again level the transit. 
Observe the altitude of Polaris with the telescope in the reversed 

position. 
Turn the transit to the direct position of the telescope and again 

observe the altitude of Polaris. 
Take the mean observed altitude to use in the reduction. 
Example of altitude observation of Polaris at upper culmination for 

latitude: 
Transcribed field notes 

August 31, 1944, at camp, in approximate latitude 33°23' N., and longitude 
107°11.6' W., New Mexico, at approximate temperature 60° F., and elevation 
above sea level 3,600 ft., I make an altitude observation of Polaris at upper 
culmination for latitude, making four observations, two eaoh with the telescope 
in direct and reversed positions: 

Watch correct for 105th meridian time by 
comparison with radio signals. 

Mean watch time of observation 
Mean observed vertical angle 
Reduced la.titude 
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Field record

Setting: 90Â°00'

*;*89 00

90Â°-Â«^ iÂ°00'

0^33 23

vp*34Â°23' *+(90Â°-Â«)

U. C. of Polaris, Gr. m. t., August 31, 1944

Reduced to long. 107Â°11.6' W.

L. m. t. of U. C. of Polaris, August 31

Correction for long. 107Â°11.6'

Computed watch time of upper culmination

â�� 8*09.5- a. m.

â�¢= -1.2

3"08.3Â»

= SK^-IS' a. m.

= +8 47

3h17-05Â« a. m.

Telescope

Watch time

Vertical anglÂ»

Direct .

3M3-03'

3 15 01

3 19 00

3 21 00

34Â°24'00"

Reversed .

34 26 00

Reversed

34 26 30

Direct

34 23 00

Mean

3h17-01Â«

34Â°24'52"

Refraction (1'24" x .89 x .98).

Â«=88Â°59'47"; 90Â°-a...

*=3S823'26" N.=fc-(90Â°-a).

-1 18

h= 34Â°23'39"

..--1 00 13

33Â°23'26'

Example of altitude observation of Polaris at upper culmination for

latitude:

Transcribed field notes

October 18, 1944, in approximate latitude 40Â°44' N., and longitude llls52' W.,

Utah, at approximate temperature 50Â° F., and approximate altitude above sea

level 4,500 ft., I make an altitude observation of Polaris at upper culmination for

latitude, making four observations, two each with the telescope in direct and

reversed positions:

Watch correct for 105th meridian time by comparison

with radio signals.

Mean watch time of observation = 0h28m20> a. m.

Mean observed vertical angle =41Â°44' 45"

Reduced latitude =40Â°43' 52" N.

76
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FWd record 

Setting: 90°00' 
41~89 00 

900-a~ 1°00' 
4>P! 33 23 

U. C. of Polaris, Gr. m. t., August 31, 194·1 
Reduced to long. 107°11.6' W. 

L. m. t. of U. C. of Polaris, August 31 
Correction for long. 107°11.6' 

Computed watch time of upper culmination 

Telescope 

Direct ____________________________________ _ 
Reve~ed _________________________________ _ 
Reve~ed _________________________________ _ 
I>nect ____________________________________ _ 

-= 3b09.5- &. m. 
z:: -1.2 

3h()8.3m 

3b()8m IS" a. m. 
+8 47 

Watch time 

3b lSm03· 
3 15 01 
3 19 00 
3 21 00 

Vertical angle 

34°24'00" 
34 2600 
34 2630 
34 2300 

~ean_______________________________ 3b 17m Ol" 
Refraotion (1'24" x .89 x .98) _____________________________ _ 

h= 34°23'39" 41z::88°59'47"; 90°-41 _________________________________________ --1 00 13 

4>=33°23'26" N. = h- (90° -~) ________________________________ - 33°23'26" 

Example of altitude observation of Polaris at upper culmination for 
latitude: 

Transcribed field notes 

October IS, 1944, in approximate latitude 40°44' N., and longitude 111°52' W., 
Utah, at approximate temperature 50° F., and approximate altitude above sea 
level 4,500 ft., I make an altitude observation of Polaris at upper culmination for 
latitude, making four observations, two each with the telescope in direct and 
reve~ed positions: 

Watch correct for 105th meridian time by comparison 
with radio signals. 

~ean watch time of observation 
~ean observed vertical angle 
Reduced latitude 
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Field record

Setting: 90Â°00'

Â«^89Â°00'

90Â°-oV 1Â°00'

*s>*40Â°44'

v^41Â°44' = *+(90Â°-8)

U. C. of Polaris, Gr. m. t., Oct. 18, 1944

Reduction to longitude 111Â°52' W.

L. M. T. of U. C. of Polaris, midnight, Oct. 17-18, 1944

Correction for longitude

Computed watch time of U. C, Oct. 18, 1944

0h1.2Â» a. m.

-1.2

0h0.0m

COO^O* a. m.

+ 27 28

0h27Â»28- a. m.

Telescope

Watch time

Vertical angle

Direct . - - ---

0h23m04"

0 27 07

0 30 02

0 33 07

41Â°44'30"

Reversed.. _

41 45 00

Reversed

41 45 00

Direct

41 44 30

Mean

o^s^O"

41Â°44'45"

Refraction U'06" x .86=56")

...= -56

A = 41Â°43'49"

..= -59 57

i=89Â°00'03"; 908-Â«

*=40Â°43'52" N.-=A-(90Â°-Â«) =40Â°43'52"

Hour Angle Observation of Polaris For Latitude

The latitude may be determined by an altitude observation of

Polaris at any hour angle. By this method the vertical angles are

read in pairs, or double pairs, with reversals of the position of the

telescope, and watch time noted at each setting. The watch correc-

tion is required, which will be applied to the mean (or average) of the

watch readings to obtain the correct local mean time of observation

for the pair or double pairs of settings. The mean time hour angle of

Polaris at the epoch of observation is then taken out as in observations

for azimuth, and the declination of Polaris for the date will be ascer-

tained in the Ephemeris.

With the two values, mean time hour angle and declination, the

latitude may be computed or there may be derived from the table in

76
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Fuld record 

Setting: 00°00' 
,;>O!! 89°00' 

900-&~ 1°00' 
.~40044' 

u. C. of Polaris, Gr. m. t., Oct. IS, 1944 
Reduction to longitude III ° 52' W. 

= Ob1.2m a. m. 
-1.2 

L. M. T. of U. C. of Polaris, midnight, Oct. 17-1S, 1944 - ObOOmOO· B.. m. 
Correction for longitude - +27 2S 

Computed watch time of U. C., Oct. IS, 1944 = Oh27m 2S" B.. m. 

Telescope 

Direct ____________________________________ _ 
Revenred _________________________________ _ 
Revenred _________________________________ _ 
D~ct ____________________________________ _ 

Watch time 

Ob23m04· 
o 27 07 
o 30 02 
o 33 07 

VertIcal an~lc 

41 °44'30" 
41 4500 
41 4500 
41 4430 

~ean________________________________ Ob28m20· 41°44'45" 
Refraction (1'06" x .S6=56"} _________________________________ = -56 

h=41 °43'49" '=89°00'03"; 90°-.5 _________________________________________ = -59 57 

.-40°43'52" N.-l- (900 -.5) ________________________________ =40°43'52" 

Hour Angle Observation of Polaris For Latitude 

The latitude may be determined by an altitude observation of 
Polaris at any hour angle. By this method the vertical angles are 
read in pairs, or double pairs, with reversals of the position of the 
telescope, and watch time noted at each setting. The watch correc
tion is required, which will be applied to the mean (or average) of ·the 
watch readings to obtain the correct local mean time of observation 
for the pair or double pairs of settings. The mean time hour angle of 
Polaris at the epoch of observation is then taken out as in observations 
for azimuth, and the declination of Polaris for the date will be ascer
tained in the Ephemeris. 

With the two values, mean time hour angle and declination, the 
latitude may be computed or there may be derived from the table in 
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the Ephemeris the vertical angle equivalent for the position of Polaris

above or below the earth's polar axis at the epoch of observation.

The latter value is applied to the observed vertical angle, corrected for

refraction, to secure the true elevation of the pole, or the latitude of

the station. The method may be combined with the observation for

azimuth, or it may be used independently.

The vertical angle reduction is tabulated in the Ephemeris in a

simplified form in which the two principal arguments are employed to

secure a primary adjustment to the elevation of the pole, subtractive

when Polaris is above the pole and additive when below; a small

supplemental correction is then secured from the table, with the

arguments of mean time hour angle and observed altitude.

In order to proceed with the analytical reduction, it is convenient

to begin with an angle a, computed from the equation:

Tan o= -, in which equation the factor "cos t" becomes negative

COS z

for hour angles exceeding 90Â°, whereupon a will exceed 90Â°.

The latitude may -then be derived from the equation:

r* ,, n sin a sin h

Cos (Â»-")= rina

Example of hour angle observation of Polaris for latitude, making

use of the table given in the Ephemeris:

Transcribed field notes

June 23, 1944, in the SE# sec. 16, T. 7 N., R. 3 E., Salt Lake Meridian, Utah,

in approximate latitude 41Â°20' N., and longitude 111Â°37' W., at approximate

temperature 50Â° F., and elevation above sea level 6800 ft., I make an hour angle

observation of Polaris for latitude, making four observations, two each with the

telescope in direct and reversed positions:

Mean observed vertical angle 42Â°00' 30"

Mean watch time of observation â� _ 4h46m38* a.m.

Watch fast of local mean time, by comparison with radio

time signal corrected for long 26m28'

Reduced latitude 41Â°20'50" N.

Field record

Telescope

Vertical angle

Watch tiros

Direct

41Â°58'30"

4h44m45. a> m_

4 46 50

41 69 30

Reversed

42 01 30

42 02 30

4 47 20

Direct

4 48 37

Mean

42 00 30

4M6-38* a.m.
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the Ephemeris the vertical angle equivalent for the position of Polaris 
above or below the earth's polar axis at the epoch of observation. 
The latter value is applied to the observed vertical angle, corrected for 
refraction, to secure the true elevation of the pole, or the latitude of 
the station. The method may be combined with the observation for 
azimuth, or it may be used independently. 

The vertical angle reduction is tabulated in the Ephemeris in a 
simplified form in which the two principal arguments are employed to 
secure a primary adjustment to the elevation of the pole, subtractive 
when Polaris is above tho pole and additive when below; a small 
supplemental correction is then secured from the table, with the 
arguments of mean time hour angle and observed altitude. 

In order to proceed with the analytical reduction, it is convenient 
to begin with an angle a, computed from the equation: 

Tan a= tan ~t' in which equation the factor" cos t" becomes negative 
cos 

for hour angles exceeding 90°, whereup'on a will exceed 90°. 
The latitude may.then be derived from the equation: 

C (A.. ) sin a sin h os 'Y"-a = . ~ 
SIn u 

Example of hour angle observation of Polaris for latitude. making 
use of the table given in the Ephemeris: 

Transcribed field notes 

June 23, 1944, in the SE" sec. 16, T. 7 N., R. 3 E., Salt Lake Meridian, Utah, 
in approximate latitude 41 °20' N., and longitude 111 °37' W., at approximate 
temperature 50° F., and elevation above sea level 6800 ft., I make an hour angle 
observation of Polaris for latitude, making four observations, two each with the 
telescope in direct and reversed positions: 

Mean observed vertical angle__ _ _ _ _ _ ________________ 42°00' 30" 
Mean watch time of observation ___________________ ' _ 4h.46m381 a. m. 
Watch fast of local mean time, by comparison with radio 

time signal corrected for long ____________________ _ 
Reduced latitude _________________________________ _ 

Field record 

Telescope 

Direct _________________________________ " 
Reve~ed _______________________________ _ 
Reve~ed _______________________________ _ 
Direct _________________________________ _ 

!4ean ______________________________ _ 

Vert1cal aqle 

41°58'30" 
41 5930 
42 0130 
42 0230 

42 00 30 

26m28· 
'1 °20' 50" N. 

Watch time 

4h.44m45· a.,m. 
445 50 
447 20 
4 48 3'1 

4k46-381 a. m. 
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Watch fast of local mean time

L. M. T. of observation, June 23, 1944

-26 28

= 4*20-10' a. m.

-41-20.2- a. m.

Gr. U. C. of Polaris, same date =7h39.4- a. m.

Red. to long. 111Â°37'W =-1.2 -7 38.2- a. m.

Hour angle of Polaris east of meridian-

Declination of Polaris

Â«3h18.0-

88Â°59' 39"

Primary adjustment,

subtractive, Pol-

aris above the pole

Mean observed vert.

Mean

angle. v= -

Refraction, 64"X.79

-42Â°00'30"

-0 51

time

hour

angle

Declination

h=

41Â°59'39"

Primary adjustment to

88Â°59'40"

elev. of pole = -

Supplemental correction =

- 0Â°38'47"

-02

3h17.5-

3 18.0

3 23.4

0Â°38'53"

0 38 47

0 37 39

Latitude of sta. â��

41Â°20/50" N.

The above example may be reduced analytically as follows:

tan j

lan o= ;

cos t

M. t. h. a.

3h18Â°00'

Red. to sid. h. a.

+33

Sidereal h. a.

3h18-33'

Sid. h. a. in ang.

meas., t =

49Â°38' 15"

Cos (<f> â�� a)--

sin a sin h

sin &

log tan 8=1. 7555520

" cos t=9. 8113212

log sin a = 9. 9999719

- " fc=9. 8254618

tan a = 1.9442308

9. 8254337

* = 9. 9999331

o = 89Â°20' 55"

log cos (4>â��a) =9. 8255006

By inspection, (*-a) (*-a) = -48Â°00'04"

is a negative angle. a= 89 20 55

Latitude of station_

41Â°20'61"

The reduction may also be made by the equation:

4>=hâ��p cos t+% sin 1' p* sin* t tan h

n
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Watch fut of local mean time___________________________ -28 28 

L. M. T. of observation, June 23, 1944____________________ -4"20-10" a. m. 

Gr. U. C. of Polaril, lIame date __________ _ =7 h39.4m a. m. 
Red. to long. 111°37' W ________________ _ = -1.2 -7 38.2- a. m. 

Hour angle of Polaris east of meridian_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -3 1a18.o-

Declination of PolariIL_____________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 88°59' 39" 

Primary adjustment, Mean observed vert. 
subtractive, Pol- angle! v = -- 42°00' 30" 

Mean 
aris above the pole RefractIOn, 64"X.7g -- -051 

time h= 41°59'39" 
hour Declination angle 

88°59'40" 
Primary adP1stment to 

elev. of pole = - 0°38'47" 
Supplemental correction = -02 

3h17.5m 0°38'53" Latitude of Ita. - 41°20'50" N. 
3 18.0 o 3847 
3 23.4 o 3739 

The above example may be reduced analytically as {onowa: 

M. t. h. a. 

tan & Tan a=-
cos t 

Red. to sid. h. a. + 33 

Sidereal h. a. 

Sid. h. a. in ang. 
meas., t 

C (.4. ) sin a sin h 
os ,..-a'" sin a 

log tan '=1.7555520 
.. cos t=9. 8113212 

" tan a = 1. 9442308 

log lIin a = 9. 9999719 
.. .. h=9.8254618 

9. 8254337 
.. .. '=9.9999331 

log COl!! (ell-a) =9. 8255006 

By inI'Ipection, (tJ--a) 
is a negative angle. 

(.p-a) = -48°00'04" 
a= 89 2066 

Latitude of station ____________ -= 41°20'51" 

The reduction may also be made by the equation: 

q,=h-p cos t+ ~ sin l' pi sinl t tan h 
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In the above equation, p=polar distance (90Â°â��S), expressed in

minutes of angle. The first part of the equation gives a primary reduc-

tion to the elevation of the pole, in this the factor "p cos t" becomes

additive for hour angles that exceed 6 hours or 90Â°. The latter part

of the equation gives a supplemental correction, in the order of

seconds of angle; it increases rapidly in the higher latitudes.

As an illustration of the use of the latter equation, the elements

are taken from the observation given above: A=41Â°59'39"; sidereal

hour angle, after converting from time to arc, <=49Â°38'15"; declina-

tion of Polaris, 5=88Â°59'39" N.; polar distance, p=lÂ°00'21"=60.35';

with this data, the reduction may be made as follows:

log p

" COS*

= 1.780677

= 9.811321

A=41Â°59'39"

+ 17

log sin 1'

" 2

= 6.4637

â�  .3010

" product= 1.591998

nat =39.084'

= 39'05.040"

Latitude of station:

" quotient=6.1627

" p =1.7807

-39 05

" " =1.7807

" sin t =9.8819

" " " =9.8819

41Â°20'51"

"tan A =9.9543

product

nat

= 9.4422

= 0.277'

= 0'16.6"

AZIMUTH

The General Land Office Solar Transit

77. The methods long in use have been developed for the correct

operation of the General Land Office solar transit, in which the solar

unit is depended upon for a large share of the fine running, in com-

bination with observations on the sun, Polaris, and the brighter stars

for the more exact determination of time, latitude, and azimuth,

where needed. Almost without exception in beginning new surveys

and in occupying any new station for which there has been no previ-

ous station established for a reference in azimuth, the starting value

in azimuth is determined with the solar unit. Then, where a higher

degree of accuracy may be required, no other preliminary steps are

needed in readiness for a twilight observation upon Polaris, or any

of the bright stars within the equatorial belt, other than the simple

computations for the setting values in horizontal and vertical angles.

No other instrument adapted to land surveying so well combines

accuracy in performance, speed in execution, and economy in cost

per mile.
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In the above equation, p=polar distance (90°-15), expressed in 
minutes of angle. The first part of the equation gives a primary reduc
tion to the elevation of the pole, in this the factor" p cos t" becomes 
additive for hour angles that exceed 6 hours or 90°. The latter part 
of the equation gives a supplemental correction, in the order of 
seconds of angle; it increases rapidly in the higher latitudes. 

As an illustration of the use of the latter equation, the elements 
are taken from the observation given above: h=41 °59'39"; sidereal 
hour angle, after converting from time to arc, t=49°38'15"; declina
tion of Polaris, 15=88°59'39" N.; polar distance, p= 1 °00'21" =60.35'; 
with this data, the reduction may be made as follows: 

log p = 1. 780677 
U cos t =9.811321 

H product = 1.591998 
nat =39.0R4' 

= 39' 05.040" 

Latitude of station: 

h=41°59'39" 
+ 17 

-39 06 

c:: 41 ° 20' 51 " 

AZIMUTH 

log sin l' c:: 6.4637 
u 2 0::: .3010 

II quotient=6.1627 
u p 0::: 1. 7807 
.. " 0::: 1.7807 
" sin t 
II " " 

"tan h 

=9.8819 
=9.8819 
a::: 9.9543 

.. product =9.4422 
nat =0.277' 

0:::0'16.6" 

The General Land Office Solar Transit 

77. The methods long in use have been developed for the correct 
operation of the General Land Office solar transit, in which the solar 
unit is depended upon for a large share of the line runriing, in com
bination with observations on the Sull, Polaris, and the brighter stars 
for the more exact determination of time, latitude, and azimuth, 
where needed. Almost without exception in beginning new surveys 
and in occupying any new station for which there has been no previ
ous station established for a reference in azimuth, the starting value 
in azimuth is determined with the solar unit. Then, where a higher 
degree of accuracy may be required, no other preliminary steps are 
needed in readiness for a twilight observation upon Pols,ris, or any 
of the bright stars within the equatorial belt, other than the simple 
computations for the setting values in horizontal and vertical angles. 
No other instrument adapted to land surveying 80 well combines 
accuracy in performance, speed in execution, and economy in cost 
per mile. 
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INSTRUMENTS AND METHODS 89

The standard models are illustrated in Figures 9 and 9a. Note

that the solar unit is in fact a second instrument, operating in its own

right, independently. The latitude and declination arcs remain

clamped and set to their proper values. The polar axis conforms

with the line of collimation of the solar telescope. The mounting is

designed to bring the vertical plane of the polar axis into parallel

with the vertical plane of the transit.

When oriented, the vertical plane of the polar axis is in the plane

of the great circle of the meridian. When turned in hour angle at the

moment of an observation, the plane normal to the axis of the reflector

is in the plane of the great circle that passes through the pole and the

sun. The sun's hour angle at that moment is the angle measured

along the plane of the Equator, intercepted between the plane of the

meridian and the plane of the great circle that passes through the pole

and the sun. This angle reads "apparent time" on the hour circle of

the solar unit.

The vertical angle inclination of the polar axis equals the latitude

of the station; this angle is set on the latitude arc. The angle on

the plane of the great circle that passes through the pole and the sun,

counting between them, equals 90Â° minus the sun's north declination,

or 90Â° plus the sun's south declination, corrected by an increment

equivalent to the refraction in polar distance. The settings for this

angle are computed for each day in advance; it is set on the declination

arc to agree with the apparent time of observation. The correct

position of the sun's zenith distance measured on the vertical plane

of the great circle that passes through the sun is secured by the

careful leveling of the transit.

Skillfully handled in the hands of an experienced engineer, and

within a period of less than 2 minutes by the watch, after a set-up

and careful leveling, the solar transit may be oriented instrumentally.

The accuracy or acceptable "tolerance" is equal to any single, unveri-

fied, average direct altitude observation on the sun.

In line running, through timber and undergrowth, there may be 20,

30, or more set-ups to the mile, each by solar orientation without

cutting or opening the line to secure an exact back sight. In this

practice, the net result for the mile is the mean of the whole number

of the observations, in which many of the smaller differences are

compensated, and in which the azimuth of the line between the monu-

ments should normally be brought well inside of the Manual tolerance

of 1'30".

What is more, each azimuth determination gives the angular value

referred to the true north at that station. This of course is the only

method by which a true parallel of latitude can be run by instrumental

orientation. The determinations of the true parallel by the "tangent"
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or "secant" method requires the careful running of a "back-and-

foresight" line with measured offsets.

The solar unit avoids the accumulative error quite usual in long

"back-and-foresight" lines, and in traverse lines where there are many

turns, excepting as time may be taken for the necessary refinements.

A traverse line may be run by occupying each alternate station, dividing

by two the amount of time required for the instrumental wOrk.

Heavy winds or insecure ground, windfalls, timber, undergrowth,

and obstructions that require offset, are not in themselves any pre-

ventative to rapid and accurate solar orientation.

A more complete description of the transit, section 41.

The requirements as to the adjustments, sections 40 to 46, incl.

The transit adjustments, Manual Appendix II, section 41.

The development of the General Land Office solar transit, Manual

Appendix II, section 78.

The adjustments of the solar unit, Manual Appendix II, section 79.

An extension of the description, requirements as to adjustment,

use, and test of the solar unit, follows in sections 78 to 81, incl.

Construction

78. The instrumental orientation of the solar unit is made possible

through five elements in the construction, as follows:

1. A telescope whose line of collimation is the polar axis; the latter

corresponds to an element of the more elaborate observatory "equa-

torial instrument mounting," which is designed for the telescope to

follow a star's travel in diurnal circle. The solar telescope is mounted

in collar bearings whose bases are attached to a vertical limb; the

telescope may be revolved or turned 12 hours in hour angle.

2. The vertical limb is an arc that is graduated to read in latitude;

a vernier mounted from the base frame gives the reading in latitude;

the center of the limb is called the latitude axis, mounted in horizontal.

3. There is a reflector at the objective end of the telescope designed

to pick up the light rays of the sun; its axis is normal to the line of

collimation. There is an arm that controls the angle of the reflector in

the plane of the great circle that passes through the pole and the sun;

a vernier on this arm gives the reading on a graduated declination

arc.

4. There is a small graduated circle mounted on the telescope,

normal to the line of collimation, that reads in hour angle from 6 a. m.,

7, 8, up to 12, and 1, 2, 3, up to 6 p. m.; this reads directly in apparent

time.
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Nat oriented Oriented

When turning the transit in horizontal The travel of the sun's image is along

angle, the image of the sun cuts across the the path of the equatorial wires.

equatorial wires.

5. The plan of the. reticle includes three "equatorial wires" that

are set parallel to the axis of the reflector. One is in the line of

collimation, the others parallel, spaced at 15'45" to conform with

the sun's July 1 diameter (the smallest for the year). The fourth is

a single cross wire, normal to the others, passing through the line of

collimation, indicating the center of the field in time.

The frame of the solar unit that supports the latitude axis is itself

attached to one standard of the transit, controlled in position by

three foot posts. This is the standard on the east when the transit

is oriented in the meridian. The vertical plane of the polar axis may

be adjusted to true parallel with the vertical plane of the transit

telescope. By first setting the plate reading at zero, when preparing

to orient, all horizontal angles will count from the meridian.

When oriented, and turned in hour angle to agree with the ap-

parent time, the image of the sun will travel across the field of the

solar telescope along the path of the equatorial wires. If the transit

is turned away from the meridian to the right or to the left, the sun's

image will cut across the equatorial wires. Thus to bring the solar

unit into proper orientation, all that is needed is to see that the

image of the sun is centered anywhere along the length of the equa-

torial wires. This centering is done with the lower tangent motion,

the plates clamped at zero.

On the declination arc, an actual arc or segment of 5Â° is graduated

for reading 10Â°; this is because a movement of 5Â° in the reflector

position makes an angle of 10Â° between the light rays of incidence

and those reflected. At zero declination the plane of the reflector is

at 45Â° to the line of collimation. The declination arc is graduated

from zero both ways for the range of the sun's position during the

year.

One important element of the mounting is that the three points

of control at the foot posts are placed to form a right-angle, one side

of which is vertical, the other horizontal. In adjustment, the foot

post at the 90Â° angle remains fixed. One of the foot posts controls

the position of the latitude axis in horizontal. One foot post con-
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5. The plan of the. reticle includes three "equatorial wires" that 
are set parallel to the axis of the reflector. One is in the line of 
collimation, the others parallel, spaced at 15'45" to conform with 
the sun's July 1 diameter (the smallest for the year). The fourth is 
a single cross wire, normal to the others, passing through the line of 
collimation, indicating the center of the field in time. 

The frame of the solar unit that supports the latitude axis is itself 
attached to one standard of the transit, controlled in position by 
three foot posts. This is the standard on the east when the transit 
is oriented in the meridian. The vertical plane of the polar axis may 
be adjusted to true parallel with the vertical plane of the transit 
telescope. By first setting the plate reading at zero, when preparing 
to orient, all horizontal angles will count from the meridian. 

When oriented, and turned in hour angle to agree with the ap
parent time, the image of the sun will travel across the field of the 
solar telescope along the path of the equatorial wires. If the transit 
is turned away from the meridian to the right or to the left, the sun's 
image will cut across the equatorial wires. Thus to bring the solar 
unit into proper orientation, all that is needed is to see that the 
image of the SUll is centered anywhere along the length of the equa
torial wires. This centering is done with the lower tangent motion, 
the plates clamped at zero. 

On the declination arc, an actual arc or segment of 5° is graduated 
for reading 10°; this is because a movement of 5° in the reflector 
position makes an angle of 10° between the light rays of incidence 
and those reflected. At zero declination the plane of the reflector is 
at 45° to the line of collimation. The declination arc is graduated 
from zero both ways for the range of the sun's position during the 
year. 

One important element of the mounting is that the three points 
of control at the foot posts are placed to form a right-angle, one side 
of which is vertical, the other horizontal. In adjustment, the foot 
post at the 90° angle remains fixed. One of the foot posts controls 
the position of the latitude axis in horizontal. One foot post con-
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trols the direction of pointing of the line of collimation when in

horizontal sighting, to bring that into parallel with the vertical plane

of the transit. The foot-post controls are secured with capstan or

hexagon nuts.

At one end of the frame that supports the collar bearings, there

is an adjustment (corresponding to the mounting of a telescope level)

that is arranged to bring the polar axis into normal to the latitude

axis. This is needed to provide a movement of the polar axis in a

true vertical plane when the solar telescope is changed in latitude

setting.

Manual Appendix II.

Requirements as to Adjustment

79. Each solar transit has its own record as to performance. This

of course takes in its own life history beginning with the inspection

tests at the maker's at time of acceptance under purchase contract.

It becomes an invaluable record which reveals, or should show,

exactly how that instrument may be expected to perform, its own

personal equation, when it has been given the needed general clean-

ing and lubrication, what repairs have been required, in what in-

strument shop, and the subsequent tests. The summary of this

record and the assignments of that instrument for the field work are

maintained in the regional office.

The detail of the field tests and adjustments is kept by the chief

of the field party in the field tablets belonging with the record of the

survey. A brief summary only of the field tests is transcribed for

inclusion in the field-note record that is prepared for official ap-

proval; the purpose here is to show affirmatively that the tests have

been attended to as required, and that the instrument was in satis-

factory condition while being used on the survey.

If a "touch-up" adjustment is required in the field, the field tablet

record should show at what point of adjustment, and the direction of the

touch-up, and, as nearly as can be indicated, the amount. The analy-

sis of the tests or observations before and after adjustment is also

important. This makes for systematic improvement in performance.

There are a number of points concerning which the data should

always be at hand, and the tests repeated from time to time so that

the data may be reliable. If this is done methodically, and the tests

found satisfactory within reasonable limits, the solar unit may be

depended upon to perform well in the line running. The most im-

portant of this detail, all derived in the field tests, and all to be noted

in the field tablet, includes the data as follows:
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1. The reading of the latitude vernier when sighting in true hori-

zontal.

2. The known or observed true latitude of the field station; and, the

instrumental latitude of that station as determined by noon solar

observation, when preceded by the pre-noon careful setting of the

declination arc by the prime vertical method.

3. The reading of the declination vernier when set in true zero

declination, prime vertical method.

4. Same, 15Â° north declination.

5. Same, 15Â° south declination.

6. Same, in declination for the period of the use of the instrument.

7. The test for parallelism when the solar telescope is set and

clamped in the latitude of the station, prime vertical method.

8. The tests for orientation in comparison with the true meridian

established in camp by any of the Manual methods best suited to the

time, place, and other conditions of the survey.

9. The line tests at two or three intervals each week, observing on

Polaris or an equatorial star, or by altitude observation on the sun,

for comparison with the azimuth as determined by the solar orienta-

tion.

10. A notation of any consistent discrepancy that comes near or

exceeds the Manual tolerance of 1'30".

The data for (7), (2), and (6) correspond to the preliminary field

tests (1), (2), and (3), Manual Appendix II, section 79; this data, if

satisfactory, insures that the solar unit is ready for the orientation

tests. All that is ordinarily required in the beginning of the survey

is to run through these tests. If no serious discrepancies are present,

the instrument is ready for the survey, and the work may proceed.

The remainder of the tests are made and recorded as time and oppor-

tunity permit.

The requirements as to orientation are closely related to the limits

of closure on the survey (sec. 234). Note carefully that there will be

no difficulty in the closures, Class "C," traceable to error in the direc-

tion of the lines, if the instrument meets the requirements as to the

above tests. A more severe condition as to the closures is presented

when two instruments are employed on the same survey, one closing

against the lines run with the second instrument. This in effect

admits of a limiting discrepancy of 3'00" between the two instruments,

which would be quickly apparent in the section closures. â�  It is an

eloquent tribute to the solar transit that the survey can be carried

through within that accuracy, speed, and economy as to cost per mile.

This would be impossible to duplicate by ordinary land-survey

methods, referring as it does to the every day, week in and week out,

through the season performance.
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To siim up these requirements, let the field tablet record show that

the tests (7), (2), and (6) give assurance that no hidden discrepancy

is present, or left unchecked or uncorrected, and that the meridian

comparisons have been reasonably frequent and satisfactory.

Manual Appendix II.

Use

80. The General Land Office solar transit is an instrument that is

equipped for making any type of stellar or solar observation that may

be employed profitably in land surveying practice, and as adapted to

the one-minute transit. This means accuracy in performance within

any practical limit set out in the Manual down to a tolerance of Â± 15"

in the direction of lines, where that may be required. That accuracy

is much inside the tolerance that must ordinarily be allowed in the

measurement of lines, unless the character of the survey is such as to

justify tlio greatly increased cost of exactness in measurement.

Sees. 17, 35, 37, 41, 44, 45, 47, 142, 143, 156, 161, 162, 174, 234, 480,

691, 704.

By the use of the instrument, therefore, it is meant to include every

type of line running down to close "tack-point" back-and-foresigbt

work, and every kind of observation upon the sun, Polaris, or the

bright equatorial stars, for time, latitude, and azimuth, by daylight,

twilight, or at night.

The use of the solar unit may be almost continuous as when running

the line through timber or tall undergrowth, or it may be more or less

incidental as when running in an open country. It is important too,

in the open country, and on almost any type of survey, to have the

use of the solar unit in making the start in the line running or observ-

ing. Even on the work that requires the greatest refinement in the

important lines, there are many off-line stations to be occupied for

collateral data, mapping, or traversing, where the direction from true

north should be employed.

For these reasons, the preparation for each day's work requires

that the data shall be at hand, in the field tablet, for the sun's declina-

tion for the day, reading for value in the apparent time of the local

meridian, and to which has been applied the correct refractions in

polar distance for that position of the sun, and latitude. Section 54.

Additionally, the known true or observed latitude of the station, and

the instrumental latitude. Section 79.

Due accuracy in solar orientation becomes attainable as soon as

the sun is high enough to reduce the refraction increment to not over

4' or 5', and continuing then until 10:30 a. m. or a little later with care

and suitable checks; correspondingly in the p. m. hours. Fronv 10:30

a. m. to 1:30 p. m., or for about that period, the line running should
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To swn up these requirements, let the firld tablet record show that 
the tests (7), (2), and (6) give assurance that no hidden discrepancy 
is pr('s('nt, or left unchecked or uncorrected, and that the meridian 
comparisons have be~n reasonably frequent and satisfactory. 

Manual Appendix II. 

Use 

80. The General Land Office 801ar transit i8 an instrument that is 
equipped for making any type of stellar or solar observation that may 
be employ('d profitably in land surveying practice, and as adapted to 
the one-minute transit. This means accuracy in perfonnance within 
any practical limit set out in the Manual down to a tolerance of ± ] 5" 
in the direction of lines, whf're that may be required. That accuracy 
is much inside the tolerance that must ordinarily be allowed in the 
measurement of lines, unless the character of the survey is such as to 
justify the greatly increased cost of exactness in' measurement. 
Sees. 17,35,37,41,44,45,47, 142, 143, 156, 161, 162, 174,234, 480, 
691, 704. 

By the use of the instrument, therefore, it is meant to include every 
type of line running down to close "tack-point" back-and-foresight 
work, and every kind of observation upon the sun, Polaris, or the 
bright equatorial stars, for time, latitude, and azimuth, by daylight, 
twilight, or at night. 

The use of the solar unit may be almost continuous as when running 
the line through timber or tall undergrowth, or it may be more or less 
incidental as when running in an open country. It is important too, 
in the op('n country, and on almost any type of survey, to have the 
use of the solar unit in making the start in the line running or observ
ing. Even on the work that requires the greatest refinement in the 
important lines, there arc many off-line stations to be occupied for 
collateral data, mapping, or traversing, where the direction from true 
north should be employed. 

For these reasons, the preparation for each day's work requires 
that the data shall be at hnnd, in the field tablet, for the sun's declina
tion for the day, reading for value in the apparent time of the local 
meridian, and to which has been applied the correct refractions in 
polar distance for that position of the sun, and latitude. Section 54. 
Additionally, the known true or observed latitude of the station, and 
the instrumental latitude. Section 79. 

Due accuracy in solar orientation becomes attainable as soon as 
the sun is high enough to r('duce the refraction increment to not over 
4' or 5', and continuing then until 10:30 a. m. or a little later with care 
and suitable checks; correspondingly in the p. m. hours. From-lO:30 
a. m. to 1 :30 p. m., or for about that period, the line running should 
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be by back-and-foresight. If the sun becomes obscured, the usual

transit methods are employed. In stopping for the day, an azimuth

mark should be set for use the next morning.

Thus, in the above practices, and with the transit and solar unit

in satisfactory adjustment, the simple steps in solar orientation at

any station or set-up, are these: carefully level, preferably with the

solar unit on the west; turn to solar unit on the east and correct half

of any discrepancy in the centering of the plate bubbles; set the plates

at zero; set the latitude and declination, or check the previous setting

if check is thought to be needed (these arcs remain clamped); turn

the solar telescope to the reading in approximate apparent time; move

the whole instrument in horizontal angle for position near the merid-

ian, at this time bringing the sun's image into the field of the solar

telescope, then tighten the lower clamp; use the lower tangent motion

for final orientation, in which step the sun's image should be centered

on the equatorial wires.

The practice requires the daily noon solar observation, and that

the data be recorded in the field tablet.

Test

81. The purpose here is to give an example of a field-tablet record

that shows a typical hour by hour (or half-hour) orientation test of the

solar unit, the instrument being in good order, and the adjustments

satisfactory. There are many such tests during the season, the one

here being an all-day test in the early stage of a new field assignment.

From this record test an affirmative statement may be transcribed

to be carried forward into the field notes that are to be submitted for

official approval, to show that the instrument was in fact ready for

the survey.

By way of caution (and much to the credit of the solar unit, when

in good adjustment), if the tests show that the vertical plane of the

polar axis, when set and clamped in the latitude of the station, is

closely parallel to the vertical plane of the transit, and at the same

time that the solar unit gives an orientation consistently to one side

of the test meridian, the next important step is to verify the accuracy

of that meridional line, doing so by some method or observing program

that will compensate for any possible uncertainties in the values or

factors that entered into the previous observation. Note that a solar

unit (if in adjustment) cannot give a consistent orientation through

the day in the same amount to one side of the true meridian.

Example:

Field record

July 31, 1945, at the camp site in sec. 33, T. 65 N., R. 9 W., 4th Prin. Mer., on

the south shore of Basswood Lake in the International Boundary Waters, Minne-
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be by back-and-foresight. If the sun becomes obscured, the usual 
transit methods are employed. In stopping for the day, an azimuth 
mark should be set for use the ,next morning. 

Thus, in the above practices, and with the transit and solar unit 
in satisfactory adjustment, the simple steps in solar orientation at 
any station or set-up, are these: carefully level, preferably with the 
soll\1' unit on the west; turn to solar unit on the east and correct half 
of any discrepancy in the centering of the plate bubbles; set the plates 
at zero; set the latitude and declination, or check the previous setting 
if check is thought to be needed (these arcs remain clamped); turn 
the solar telescope to the reading in approximate apparent time; move 
the whole instrument in horizontal angle for position near the merid
ian, at this time bringing the sun's image into the field of the solar 
telescope, then tighten the lower clamp; use the lower tangent motion 
for final orientation, in which step the sun's image should be centered 
on the equatorial wires. 

The practice requires the daily noon solar observation, and that 
the data be recorded in the field tablet. 

Test 
81. The purpose here is to give an example of a field-tablet record 

that shows a typical hour by hour (or half-hour) orientation test of the 
801ar unit, the instrument being in good order, and the adjustments 
satisfactory. There are many such tests during the season, the one 
here being an all-day test in the early stage of a new field assignment. 
From this record test an affirmative statement may be transcribed 
to be carried forward into the field notes that are to be submitted for 
official approval, to show that the instrument was in fact ready for 
the survey. 

By way of caution (and much to the credit of the solar unit, when 
in good adjustment), if the tests show that the vertical plane of the 
polar axis, when set and clamped in the latitude of the station, is 
closely parallel to the vertical plane of the transit, and at the same 
time that the solar unit gives an orientation consistently to one side 
of the test meridian, the next important step is to verify the accuracy 
of that meridional line, doing so by some method or observing program 
that will compensate for any possible uncertainties in the values or 
factors that entered into the previous observation. Note that a solar 
unit (if in adjustment) cannot give a consistent orientation through 
the day in the same amount to one side of the true meridian. 

Example: 
Field record 

July 31, 1946, at the camp site in sec. 33, T. 65 N., R. 9 W., 4th Prin. Mer., on 
the lOuth shore of Basswood Lake in the International Boundary Waters, Minna-
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sota, in latitude 48Â°03'30" N., and longitude 91Â°30'35" W., I examine the adjust-

ments of General Land Office solar transit, Buff No. 19421, and find that no cor-

rections are required. I make an altitude observation on the sun, p. m., for time

and azimuth; and a daylight hour angle on Polaris for latitude and azimuth. The

resulting azimuth of the two observations is in agreement. The detail of these

observations is omitted here.

Aug. 1: Test the orientation of the solar unit in the a. m. and p. m. At noon,

make a meridian observation on the sun for time and latitude, which verify the

previous observations; determine the instrumental latitude by noon solar observa-

tion. Detail omitted here.

Aug. 2: Continue the tests in the a. m. and at noon; instrument in good adjust-

ment without correction.

The basic elements of the observations for time, latitude, and

azimuth are required in the transcribed field notes.

The record of the test of the orientation of the solar unit may take

the following form, modified to conform with the facts:

Transcribed field, notes

On Aug. 1 and 2,1945, at about half-hour intervals from 8:30 a. m. to 4:45 p. m.,

I make orientation tests of Buff solar transit No. 19421, including latitude tests

by noon observation both days. The tests give a maximum error in orientation

of less than 1'30".

The record also will show that the solar transit has been main-

tained in satisfactory adjustment for the duration of each survey;

the following statement, duly modified to conform with the facts, is

suggested (Manual Appendix VIII, sec. 427):

Transcribed field notes

The arcs are tested daily by noon observation when conditions are favorable,

and the meridional indications are verified at frequent intervals throughout the

survey.

82. Each instrument requires an inspection between the seasonal

field-use, for attention to needed cleaning, lubrication, and repair,

including a record of all detail, and the checking of many items that

are not regularly referred to as among the field adjustments. This

record may be adapted to memorandum form, with a check-off as the

items are found satisfactory, or have been attended to. Explanations

and detail as to the tests and adjustments, repairs, etc., should be

stated fully on sheets to be attached to the schedule. This is a record

for which the regional office is primarily responsible (sec. 79), with

copy for the information of the chief of field party. A field-tablet

record begins at this point.

A memorandum form for reference purpose, to indicate the complete-

ness of the between-season inspection: Manual Appendix II.
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sota, in latitude 48°03'30" N., and longitude 91 °30'35" W., I examine the adjust
ments of General Land Office solar transit, Buff No. 19421, and find that no cor
rections are required. I make an altitude observation on the sun, p. m., for time 
and azimuth; and a daylight hour angle on Polaris for latitude and azimuth. The 
resulting azimuth of the two observations is in agreement. The detail of these 
observations is omitted here. 

Aug. 1: Test the orientation of the BOlar unit in the a. m. and p. m. At noon, 
make a meridian observation on the sun for time and latitude, which verify the 
previous observations; determine the instrumental latitude hy noon solar observa
tion. Detail omitted here. 

Aug. 2: Continue the tests in the a. m. and at noon; instrument in good adjust
ment without correction. 

The basic elements of the observations for time, latitude, and 
azimuth are required in the transcribed field notes. 

The record of the test of the orientation of the solar unit may take 
the following form, modified to conform with the facts: 

Transcribed field notes 

On Aug. 1 and 2, 1945, at about half-hour intervals from 8:30 a. m. to 4:45 p. m., 
I make orientation tests of Buff solar transit No. 19421, including latitude tests 
by noon observation both days. The tests give a maximum error in orientation 
of less than 1'30". 

The record also will show that the solar transit has been main
tained in satisfactory adjustment for the duration of each survey; 
the following statement, duly modified to conform with the facts, is 
suggested (Manual Appendix VIII, sec. 427): 

Transcribed field notes 

The arcs are tested daily by noon observation when conditions are favorable, 
and the meridional indications are verified at frequent intervals throughout the 
survey. 

82. Each instrument requires an inspection between the seasonal 
field-use, for attention to needed cleaning, lubrication, and repair, 
including a record of all detail, and the checking of many items that 
are not regularly referred to as among the field adjustments. This 
record may be adapted to memorandum fOnD, with a check-off as the 
items are found satisfactory, or have been attended to. Explanations 
and detail as to the tests and adjustments, repairs, etc., should be 
stated fully on sheets to be attached to the schedule. This is a record 
for which the regional office is primarily responsible (sec. 79), with 
copy for the information of the chief of field party. A field-tablet 
record begins at this point. 

A memorandum fOnD for reference purpose, to indicate the complete
ness of the between-season inspection: Manual Appendix II. 
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Errors in Azimuth, Due to Small Errors in Declination or Latitude

83. It may frequently happen with a solar transit, especially at the

beginning of a survey or with an instrument insufficiently tested, that

the first meridional trials are made with slight errors in the settings

of the latitude and declination arcs, resulting in small errors in azi-

muth. This may be particularly true prior to a determination of the

instrumental latitude. The discrepancies in azimuth due to such

errors have been tabulated in table 22, Standard Field Tables, which

may be applied to results of single observations with considerable

certainty. The corrections are not applicable to a series of observa-

tions as in ordinary line work owing to the changing values (for hours

from noon) of the correction coefficients. The explanation with the

table gives a key to the direction of the azimuth errors on account of

small incorrect values in setting the latitude and declination arcs.

For example, at 9h40m a. m., app. t., at a station in latitude assumed

to be 46Â°20' N., a test was made with a solar transit whereby the

trial indication was found to be S. 0Â°05' W., or 0Â°05' west of the

true meridian. Subsequent determinations of the true latitude of

the station and of the correctness of the vernier of the declination arc

showed that the actual latitude of the station was 46Â°21'.5 N., and

that the vernier of the declination arc had an index error which gave

readings 0Â°00'.5 S. of the calculated declination (i. e. reading 15Â°19'.5

N. for a calculated declination of 15Â°20' N.). Thus in the test the

latitude arc was set 1'.5 S. of the correct latitude of the station, and

the declination arc was actually set 0'.5 N. of the value that would

have been set had the index error been known.

Table 22 is entered to obtain the correction coefficients:

Latitude

Hours from noon

2K>-

2'20m

3i>0Â»

45Â° 00'

46 21. 5

50 00

2.83

2. 55

2. 62

2. 81

2. 00

Declination coefficient.

Latitude coefficient.

45 00

3. 11

2.45

2. 10

2. 16

2.31

2. 20

1.41

46 21. 5

50 00

2.69

1.56

The corrections are then applied as follows:

Indication of solar in test =S. 0Â° 05'.0 W.

Correction for declination = 0 01 .3 E. = (2.C2X0.5)

Correction for latitude = 0 03 .2 E. = (2.10X1.5)

Corrected indication of solar =S. 0Â° 00'.5 W.
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Errors in Azimuth, Due to Small Errors in Declination or Latitude 

83. It may frequently happen with a solar transit, especially at the 
beginning of a surveyor with an instrument insufficiently tested, that 
the first meridional trials are made with slight errors in the settings 
of the latitude and declination arcs, resulting in small errors in azi
muth. This may be particularly true prior to a determination of the 
instrumental latitude. The discrepancies in azimuth due to such 
errors have been tabulated in table 22, Standard Field Tables, which 
may be applied to results of single observations with considf'rable 
certainty. The corrections are not applicable to a series of obserya
tions as in ordinary line work owing to the changing values (for hours 
from noon) of the correction coefficients. The explanation with the 
table gives a key to the direction of the azimuth errors on account of 
small incorrect values in setting the latitude and declination arcs. 

For example, at 9b40m a. m., app. t., at a station in latitude assumed 
to be 46°20' N., a test was made with a solar transit whereby the 
trial indication was found to be S. 0°05' W., or 0°05' west of the 
true meridian. Subsequent determinations of the true latitude of 
the station and of the correctness of the vernier of the d('clination arc 
showed that the actual latitude of the station was 46°21'.5 N., und 
that the vernier of the declination arc had an index error which gave 
readings 0°00'.5 S. of the calculated declination (i. e. reading 15°19'.5 
N. for a calculated declination of 15°20' N.). Thus in the test the 
latitude arc was set 1'.5 S. of the correct latitude of the station, and 
the declination arc was actually set 0'.5 N. of the value that would 
have been set had the index error been known. 

Table 22 is entered to obtain the correction coefficients: 

Hours from noon 
Latitude 

2b()- 2b20lD 3bOlD 

45° 00' 2.83 2. 55 2. 00 
46 21. 5 ---------- 2. 62 ---------- Declination coefficient. 
50 00 3.11 2. 81 2. 20 

45 00 2.45 2.10 1. 41 
46 21. 5 ---------- 2.16 ---------- Latitude coefficient. 
50 00 2. 69 2.31 1.56 

The corrections are then applied as follows: 
Indication of solar in test =8. 0° 05'.0 W. 
Corrc(,tion for declination 0 01.3 E.= (2.C2XO.5) 
Correction for latitude - 0 03.2 E.=(2.HiX 1.5) 

Corrccted indication of solar =8. 0° 00'.5 W. 
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The above corrections will often serve to explain the apparent

errors of the solar, but these are not intended for use in line work,

and can not be accepted in lieu of subsequent tests based on correct

values.

In the above connection it should be explained that it is not deemed

desirable to burden the official record with the detail of index errors

found iu the verniers of the latitude and declination arcs, other than

to state, when determined, that the same are corrected, or are allowed

for in subsequent observations. Section 46.

Polaris at Elongation

84. Attention is now directed to the approved methods of observa-

tion to establish the true meridian with which to make comparisons

of the orientation of the solar unit as a necessary test of that instru-

ment, or without a solar instrument, the establishment of the true

meridian from which to project transit lines and to test a calculated

course.

Of the various methods of observation to establish the true meridian,

the simplest is the observation upon Polaris at eastern or western

elongation.

Azimuth of Polaris at elongation:

0. . cos 8

Sin A=

cos 4>

Example of computing the azimuth of Polaris at elongation,

October 20, 1945, in latitude 46Â°20' N., on which date the declination

of Polaris=89Â°00'23" N.:

log cos Â«=& 239072

" cos 0=9. 839140

" sin A=a 399932

A=Azimuth of Polaris at elongation=lÂ°26'21//.

85. A table of azimuths of Polaris at elongation for latitudes from

10Â° to 70Â° N., appears in the Ephemeris, arguments: declination of

Polaris, and latitude of station.
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The above corrections will often serve to explain the apparent 
errors of the solar, but these are not intended for use in line work, 
and can not be accepted in lieu of suhsequent tests based on correct 
values. 

In the above connection it should be explained that it is not deemed 
desirable to burden the official record with the detail of index errors 
found ill the verniers of the latitude and declination arcs, other than 
to stn te, when determined, that the same are corrected, or are allowed 
for in subsequent observations. S~ction 46. 

Polaris at Elongation 

84. Attention is now directed to the approved methods of observa
tion to establish the true meridian with which to make comparisons 
of the orientation of the solar unit as a necessary test of that instru
ment, or without a solar instrument, the establishment of the true 
meridian from which to project transit lines and to test a calculated 
course. 

Of the various methods of observation to establish the true meridian, 
the simplest is the observation upon Polaris at eastern or western 
elongation. 

Azimuth of Polaris at elongation: 

S· A cos 6 In =--
cos cp 

Example of computing the azimuth of Polaris at elongation, 
October 20, 1945, in latitude 46°20' N., on which date the declination 
of Polaris=89°00'23" N.: 

log cos 8=8. 239072 
1/ cos q,=9. 839140 

" sin A=8. 399932 

A=Azimuth of Polaris at elongation= 1 °26'21". 

85. A table of azimuths of Polaris at elongation for latitudes from 
10° to 70° N., appears in the Ephemeris, arguments: declination of 
Polaris, and latitude of station. 
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Zenith

Observing

station

The meridian and vertical planes tangent to the diurnal circle of Polaris as viewed from outside of the

celestial sphere.

Example in the use of the table of azimuths of Polaris at elongation,

same date and station as above, showing the method of interpolation:

Declination

Latitude

89Â°00'20"

89Â°00'23"

89Â°00'30"

Azimuths at elongation

46Â°00'

1Â°25'54"

1 27 30

1Â°25'50"

1 26 21

1 27 25

1Â°25'40"

1 27 15

46 20

47 00
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99 

The meridian and vertical planes tangent to the diurnal cfrcle of Polaris as viewed from outBlde of the 
celestial sphere. 

Example in the use of the table of azimuths of Polaris ut elongation, 
same date and station as above, showing the method of interpolation: 

Latitude 89°00'20" 

46°00' 1 °25' 54" 
46 20 
47 00 1 2730 
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Declination 

I 89°00'23" I 89°00'30" 

Azimuths at elongation 

1 °25' 50" 1 °25'40" 
1 2G 21 
1 27 25. 1 27 15 

Original from 
UNIVERSITY OF MINNESOTA 

85 



100 MANUAL OF SURVEYING INSTRUCTIONS

By interpolation in the table the required azimuth of Polaris at

elongation is therefore found to be 1Â°26'21".

86. An observation upon Polaris at elongation for azimuth consists

in marking upon the ground a point to define the true line of sight

to Polaris at the epoch of elongation, from which to lay off the true

meridian. An equivalent process is to determine the true horizontal

angle by deflection from a fixed reference point to Polaris at the

epoch of elongation, by which to determine the true bearing of the

reference point.

Polaris at Elongation, Observing Program "a."

87. Select the observing station and make suitable provision to

mark the line defining the direction of Polaris at elongation; the

flag point should be not less than from 5 to 10 chains N. of the transit

point, and the line should be cleared of all obstruction before dark.

Determine the local mean and watch time of elongation of Polaris,

provide suitable illumination for both the transit and flag point, and

have everything in readiness as much as 15 minutes before the time

of elongation.

Thoroughly level the transit.

About six minutes before elongation, with the telescope in direct

position, bisect Polaris, note the watch time, and mark the direction

of sight.

Reverse the transit, bisect Polaris, note the watch time, and mark

the direction of sight.

Again level the transit.

With the telescope in the reverse position bisect Polaris, note the

watch time, and mark the direction of sight.

Turn the transit to the direct position of the telescope, bisect

Polaris, note the watch time, and mark the direction of sight.

By daylight determine the mean (a) of the first and fourth sights,

and (b) the mean of the second and third sights; then take the moan

of points "a" and "b" to define the true direction of Polaris at elon-

gation.

The mean of the four watch readings may be taken as the watch

time of observation, which if within four or five minutes of correct

watch time of elongation, the mean position of Polaris during the

observation will be within 1" or 2" of true elongation. The proper

value of the azimuth of Polaris at elongation having been taken from

the table is then used to lay off the true meridian to the east for

western elongation or to the west for eastern elongation.

The program practically eliminates instrumental errors of adjust-

ment. In laying off the azimuth of Polaris, the angle may be laid

off directly, if desired, checked by the method of repetitions, and
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By interpolation in the table the required azimuth of Polaris at 
elongation is therefore found to be 10 26'21". 

86. An observation upon Polaris at elongation for azimuth consists 
in marking upon the ground a point to define the true line of sight 
to Polaris at the epoch of elongation, from which to layoff the true 
meridian. An equivalent process is to determine the true horizontal 
angle by deflection from a fixed reference point to Polaris at the 
epoch of elongation, by which to determine the true bearing of the 
reference point. 

Polaris at Elongation, Observing Program "a. II 
81. Select the observing station and make suitable provision to 

mark the line defining the direction of Polaris at elongation; the 
flag point should be not less than from 5 to 10 chains N. of the transit 
point, and the line should be cleared of all obstruction before dark. 
Determine the local mean and watch time of elongation of Polaris, 
provide suitable illumination for both the transit and flag point, and 
have everything in readiness as much as 15 minutes before the time 
of elongation. 

Thoroughly level the transit. 
About six minutes before elongation, with the telescope in direct 

position, bisect Polaris, note the watch time, and mark the direction 
of sight. 

Reverse the transit, bisect Polaris, note the watch time, and mark 
the direction of sight. 

Again level the transit. 
With the telescope in the reverse position bisect Polaris, note the 

watch time, and mark the direction of sight. 
Turn the transit to the direct position of the telescope, bisect 

Polaris, note the watch time, and mark the direction of sight. 
By daylight determine the mean (a) of the first and fourth sights, 

and (b) the mean of the second and third sights; then take the m('an 
of points" a" and" b" to define the true direction of Polaris at elon
gation. 

The mean of the four watch readings may be tak('n as the watrh 
time of observation, which if within four or five minutes of correct 
watch time of elongation, the mean position of Polaris during the 
observation will be within 1" or 2" of true elongation. The proper 
value of the azimuth of Polaris at elongation having been taken from 
the table is then used to layoff the true meridian to the east for 
western elongation or to the west for eastern elongation. 

The program practically eliminates instrumental errors of adjust
ment. In laying off the azimuth of Polaris, the angle may be laid 
off directly, if desired. checked by the method of repetitions. and 
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corrected if necessary; or the azimuth angle may be laid off by the

natural tangent method; this should then be checked by reading

the angle on the plates.

Occasionally conditions obtain where it is impossible to define or

mark the direction of the observation; the program may then be

altered to the reading of deflection angles as shown in observing

program "b."

Example of observation of Polaris at elongation for azimuth,

observing program "a":

Field record

November 2,-1944, Or. m. t., E. E. of

Polaris, lat. 40Â° -5>-02.6Â» p.m.

Bed. to long. 111Â°33' W - -1.2

Red. to lat. 46Â°24' N - +0.8

L. m. t. of E. E. of Polaris =5h02.2- p.m.

Watch fast of I. m. t. by reduced radio

time signal -+26.2

Watch time of E. E -8h28.4Â» p. m.

Telescope

Direct

Reversed.

Reversed .

Direct

Mean..

Watch time

5h26Â»20" p. m.

5 28 30

8 29 30

830 20

5h29-40- p. m.

Declination of Polaris-SOWOO" N.

Latitude

46<W0O"

46 24 00

47 00 00

Declination

89Â°00'00"

89Â°00'09"

89Â°00'10"

Azimuth

1Â°28'23"

1 27 89

1Â°26'09"

1 26 47

1 27 48

Transcribed field notes

November 2, 1944, at the cor. of sees. 1, 2, 11,

and 12, T. 7 N., R. 1 E., Principal Merid-

ian, Montana, in latitude 46Â°24' N., and

longitude 1110 33' Wâ�� at 5MB.2" p. m.,

I. n i. t.. observe Polaris at eastern elongation, mak-

ing four observations, two each with the

telescope in direct and reversed positions,

and mark the mean point in the line thus

determined, on a peg driven in the ground,

10.00 chs. N. of my station.

Azimuth of

1Â°26'47".

Polaris at eastern elongation

I lay off the azimuth of Polaris, 1Â°26'47" to

the west, and mark the meridian thus de-

termined, by a tack in a peg driven firmly

in the ground. The value of the angle de-

termined by measurement 16.665 ft. (28.28

Iks.) due west from the observing mark;

then verified by repetition of the angle at

the transit station.

Polaris at Elongation, Observing Program "b."

88. Select the observing station and mark a point by driving a tack

in a peg driven firmly in the ground in the meridian as determined by

the solar before sunset, or choose some other suitable reference mark

in any direction. The reference point should not be less than 5 to 10

chains distant. Determine the local mean and watch time of elonga-

tion of Polaris, provide suitable illumination for both the transit and

flag point, and have everything in readiness as much as 10 minutes

before the time of elongation.

Thoroughly level the transit.
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COlTected if necessary; or the azimuth angle may be laid off by the 
natural tangent method; this should then be checked by reading 
the angle on the plates. 

Occasionally conditions obtain where it is impossible to define or 
mark the direction of the observation; the program may then be 
altered to the reading of deflection angles as shown in observing 
program. "b." 

Example of observation of Polaris at elongation for azimuth, 
observing program "a": 

Field record TranleTibed field notll 

November 2,- ]944, Or. m. t., E. E. of November 2, 1944, at th(' ror. of s('cs. ]}. 2, 11, 
Polaris, lat. 40° _______________________ -5h02. 6111 p. m. and 12, T. 7 N., H. 1 E., I'rlnrlpal lerld-

Red. tolong.U]033' W _________________ = -1.2 ian, ~r 011 lnna, In latitude 46°2t' N., and 
Red. to lat. 46°24' N ____________________ ... +0.8 longitude III ° 33' W., at 51.1)2.2111 p. m., 

-- 1 m. t.,olNlrve 1'0IHrisntoost<'rn ('Iongation, mak-
L. m. t. of E. E. of Polarls ______________ =Sh02. 2111 p. m. ing four observations, two each with the 
Watch fast of I. m. t. by reduC('d radio tel('scope In direct and reversed ~oSltions, time slgnal ____________________________ -+26. 2 and mark the mean point In the ne thus 

-- determined. on a p('g driven In the ground, Watch time of E. E _____________________ -Sh28. 4" p. m. 10.00 cbs. N. of my station. 
--

Azimuth of Polaris 
1 °26'47". 

at eastern e1ongatioD 

Tel('scope Watch time 
I lay ott the azimuth of Polaris, 1°26'47" to 

the west, and mark the meridian thus de-Direct. _________________________________ 
5h26111 2()o p. m. termlned. by a tack In a peg drlv('n firmly Reversed _______________________________ 528 30 in the ground. The value of the angle clll-

ll'.:.o.""'<l::::::::::::::::::: :::::::::::: I ~ ;g ~ t<'rminl'u by mea.~urement 16.665 ft. (2.S.2S 
lks.) due west from the observing mark; 

Mean _____________________________ Sh2U"(()o p. m. then verified by repetition of the angle at 
the transit station. 

Declination of Polaris=80°00'0!J" N. 

Del)Unation 

~t1tl1de 89°00'00" I 89°00'09" 
I 

89°00'10" 

Azimuth 

46°00'00" 1°26'23" 1°26'09" 1 °26'08" 

46 2400 1 2647 

47 00 00 1 'r1 59 1 'r1 45 1'r144 

Pol aris at Elongation, Observing Program lib. II 
88. Select the observing station and mark a point by driving a tack 

in a peg driven finnly in the ground in the meridian as determined by 
the solar before sunset, or choose some other suitable reference mark 
in any direction. The reference point should not be less than 5 to 10 
chains distant. Determine the local mean and watch timo of elonga
tion of Polaris, provide suitable illumination for both the transit and 
flag point, and have everything in readiness as much as 10 minutes 
before the time of elongation. 

Thoroughly level tho transit. 
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About 6 minutes before elongation with the transit in direct posi-

tion, read and note the horizontal deflection angle from the reference

point to Polaris, noting also the watch time of observation.

Reverse the transit and read and note the deflection angle from the

reference point to Polaris, noting also the watch time of observation.

With the transit in the reverse position again read and note the

deflection angle from the reference point to Polaris and note the watch

time of observation.

Turn the transit to the direct position and again read and note the

deflection angle from the reference point to Polaris, and note the

watch time of observation.

As the position of Polaris remains within about 0Â°00'01" of true

elongation for a period of about five or six minutes either side of the

time of exact elongation, the observation may be considered satis-

factory if the watch readings fall within that period.

The mean of the four horizontal angles may be taken to which

must be applied the value of the azimuth of Polaris at elongation

taken from the table, to obtain the true bearing of the reference

point, from which the true meridian may be laid off.

A reference point in any direction may be used in the above method;

the direction of the deflection from the reference point to Polaris

should always be clearly stated in the field-note record.

It may bo stated further that experienced observers usually prefer

observing program "b" for the elongation observation, modified by

using the method of repetition to secure a more accurate determina-

tion of the horizontal angle. On this plan, read and record the angle

first turned; loosen the lower clamp and set back to the observing

mark (using the lower tangent motion); then turn the angle a second

time for the second sighting. Leave the plate clamp set. Reverse

the transit, and set back to the observing mark. Make two more

sightings on the same plan. This has repeated the horizontal angle

four times; the 1st and 2nd, direct position of the telescope; the 3rd

and 4th, reversed position. Record the last reading, and divide that

value by four. The quotient is the desired horizontal angle for the

mean of the observation. References: repetition of angles, sec. 36;

explanation of repetition of angles in reference to Polaris observations,

sec. 55; example of repetition, hour angle observation on Polaris,

sec. 98.
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About 6 minutes before elongation with the transit in direc~ posi
tion, read and note the horizontal deflection angle from the reference 
point to Polaris, noting also the watch time of observation. 

Reverse the transit and read and note the deflection angle from the 
reference point to Polaris, noting also the watch time of observation. 

With the transit in the reverse position again read and note the 
deflection angle from the reference point to Polaris and note the watch 
time of observation. 

Turn the transit to the direct position and again read and note the 
deflection angle from the reference point to Polaris, and note the 
watch time of observation. 

As the position of Polaris remains within about 0°00'01" of true 
elongation for a period of about five or six minutes either side of the 
time of exact elongation, the observation may be considered satis
factory if the watch readings fall within that period. 

The mean of the four horizontal angles may be taken to which 
must be applied tho value of the azimuth of Polaris at elongation 
taken from the table, to obtain the true bearing of the reference 
point, from which the true meridian may be laid off. 

A reference point in any direction may be usedintheabovemethod; 
the direction of the deflection from the reference point to· Pola.ris 
should always be clearly stated in the field-note record. 

It may be stated further that experienced observers usually prefer 
observing program "b" for the elongation observation, modified by 
using the method of repetition to secure a more accurate determina
tion of the horizontal angle. On this plan, read and record the angle 
first turned; loosen the lower clamp and set back to the observing 
mark (using the lower tangent motion); then turn the angle a second 
time for the s('cond sighting. Leave the plate clamp set. Reverse 
the transit, and set back to the observing mark. Make two more 
sightings on the same plan. This has repeated the horizontal angle 
four times; the 1st and 2nd, direct position of the telescope; the 3rd 
and 4th, reversed position. Record the last reading, and divide that 
value by four. The quotient is the desired horizontal angle for the 
mean of the observation. References: repetition of angles, sec. 36; 
explanation of repetition of angles in reference to Polaris observations, 
sec. 55; example of repetition, hour angle observation on Polaris, 
sec. 98. 
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Example of observation of Polaris at elongation for azimuth,

observing program "b":

Field record

Transcribed field notes

Sept. 4, 1944, Gr. m. t., K. E. of Polaris,

lat. 40Â°

8h54.2Â» p. m.

-1.3

-0.2

Sept. 4,1944, at a point near the SE. cor. of T.

41 N., R. 6 E., New Mex. Prin. Mer., Colo-

Red. to long. 106Â°22/ W.

Red. to lat. 37Â°45' N.

rado, in latitude 37Â°45' N., and longitude

106Â°22' W., at 8b52.7Â» p. m., 1. m. t., I observe

Polaris at eastern elongation, making four

observations, two each with the telescope in

direct and reversed positions, reading the

deflection angle from a point on a cliff 8 chs.

N., east to Polaris:

Azimuth of Polaris at eastern

elongation - 1Â°16'09"

L. m. t. of E. E. of Polaris

Watch fast of 1. m. t.

8h52.7â�¢ p. m.

+5.3

Watch time of E. E.

8h58.0Â» p. m.

Mean deflection angle â�� 1 16 00

Telescope

Watch time

Deflection

angle

True bearing of mark -N. O'OOW' E.

From reference point, I measure west, 0.02 ft.

Direct

8h66Â»38Â»

8 67 28

8 67 43

8 68 66

1Â°I6'00"

1 16 00

1 16 00

1 16 00

(' i inch), and mark the true meridian.

Declination of PoIaris=88Â°59'48" N.

8fc57Â»41Â«

1Â°16'00"

Declination

Latitude

88Â°59'40'

88Â°59'48"

88Â°59'50"

Azimuth

37W0O"

1Â°15'33"

1Â°I5'23"

1 If. 09

1 16 24

1Â°15'20"

37 45 00 ..

38 0000

1 1634

1 16 21

89. The observing programs "a" and "b" require the engineer to com-

pute in advance the correct watch time of elongation. In so conduct-

ing the observation the minimum period is consumed in the observing

program; opportunity is afforded for reversals to eliminate instru-

mental errors of adjustment. Should the watch error be unknown the

observation may be conducted by following the motion of Polaris in

azimuth during an ample period preceding elongation to insure that

the epoch of the vertical motion of Polaris in its diurnal circle or zero

motion in azimuth, is taking place, when the sight should be taken for

the direction thus defined.

The rate of horizontal motion for the hour preceding elongation

rapidly diminishes, the change in azimuth being to the west for western

elongation, or to the east for eastern elongation, when Polaris will

follow the vertical cross-wire, after which the motion is reversed and

will increase at an accelerating rate. This suggests a third, but less

refined, observing program.

89
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Example of observation of Polaris at elongation for azimuth, 
observing program "b": 

Field rr.cord I Tran~mhl-d flrld notes 

Befa~: :Ool~~_~~: _ m: _~.:_~._~._~:_~~~~~: 8~54.21D p. m. Sept. 4, 19«, at a point nl'ar the SE. cor. of T. 
41 N., R. 6 E., ~('w ~f('x. Prln. Mer., Colo-

Red. to long. 106°22' W. -).3 rado, In latitude 37°45' N., and lonl(itude 
Red. to I8t. 37°45' N. -0.2 106°22' W., at 8b52.7D1 p. m., I. m. t., I observe -- Polarls at eastt'rn ('Ion!:ation making four 
L. m. t. of E. E. of Polaris 8~.~2.im p. m. observations, two ('ach with the t('I('.scope In 
Watch fut of 1. m. t. +5.:1 dlrl'ct and rev('rsed pOSitions, readlnl( the -- deflection anI/Ie from a point on a ciiti 8 cbs. 
Watch time of E. E. 8h5-'l.Om p. m. N., I'ast to Polaris: 

-- Azimuth of Polaris at eastern 
elonl/ation - 1°16'09" 

Mean deflection angle - 1 1600 
Telescope Watrh time Deflection --

angIe True bearing of mark -N. 0°00'09" E. 
From reference point, I measure west, 0.02 It. 

(!4 Inch), and mark the true meridian. Direct ______________________ 
8h56"'380 1° Hl'OO" Reversed ___________________ 8 67 28 1 1600 Reversed ___________________ 867 43 1 1600 Direct ______________________ 868 56 1 1600 

Mean ________________ 
8'.57-41" 1°16'00" 

Declination of Polaris-88°59'48" N. 

Derlinntion 

Latltude ____ 88°69'40" I 88°59'48" I 88°59'50" 

Azimuth 

37°00'00" ____ 1°15'33" 1°1/i'2:I" 1°)5'20" 
37 4500 ____ --_ ... ---------- 1 If; 09 --------------380000 ____ 116M 1 1624 1 1621 

89. The observing programs "a" and "b" require the engineer to com
pute in advance the correct watch time of elongation. In so conduct
ing the observation the minimum period is consumed in the observing 
program; opportunity is afforded for reversals to eliminate instru
mental errors of adjustment. Should the watch error be unknown the 
observation may be conducted by following the motion of Polaris in 
azimuth during an ample period preceding elongation to insure that 
the epoch of the vertical motion of Polaris in its diurnal circle or zero 
motion in azimuth, is taking place, when the sight should be taken for 
the direction thus defined. 

The rate of horizontal motion for the hour preceding elongation 
rapidly diminishes, the change in azimuth being to the west for western 
elongation, or to the east for eastern elongation, when Polaris will 
follow the vertical cross-wire, after which the motion is reversed and 
will increase at an accelerating rate. This suggests a third, but less 
refined, observing program. 
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Polaris at Elongation, Observing Program

"c"

90. Select the observing station and make suitable provision to

mark the line defining the direction of Polaris at elongation; provide

suitable illumination for both the transit and flag point, and have

everything in readiness before the time of elongation.

Thoroughly level the transit.

Bisect Polaris and note that the motion of the star carries it away

from the vertical wire in the proper direction. As long as this motion

is discernible continue the bisection of Polaris by the tangent move-

ment. When it can not be discerned in a period of several minutes

that the least east or west motion is taking place mark the direction of

sight upon the ground.

Reverse and level the transit.

Again bisect Polaris and mark the direction of sight upon the

ground.

Verify the position of Polaris in its diurnal circle by again bisect-

ing the star and without changing the tangent motion note the move-

ment of Polaris; the motion should still be nearly vertical, with a

scarcely discernible movement in the opposite horizontal direction.

By daylight determine the mean of the sights, and establish the

meridian by properly laying off the correct azimuth as described

in observing program "a."

Example of observation of Polaris at elongation for azimuth,

observing program "c":

Field record

Transcribed field notes

May 31,1944, Gr. m. tâ�� E. E. of Polaris,

May 31,1944, at the closing Tp. cor., on the 2nd

Standard Parallel South, In latitude

33Â°23'40.8" N., and longitude 104Â°17'05.'8 Wâ��

as computed from tie to V. 8. Coast and Geo-

detic Survey station "Comanche" in sec. 36,

T. 10 8., It. 26 E. in order to verify the aline-

ment of the east bdy. of T. 11 8., R. 26 E., I

lat. 40Â°

Eed. to long. 104Â°17'05.5" W.

Hed. to lat. 33Â°23'40.8" N.

3h13.8Â» a. m.

â��1.1

â��0.7

L. m. t. of E. E. of Polaris 3

i>12.0Â» a. m.

bisect Polaris, follow the motion of the star to

eastern elongation, at 3b12m a. m., 1. in. t..

and mark the direction upon a peg driven

firmly in the ground 8 chs. N.; 1 then reverse

the instrument, again bisect Polaris, and

mark the direction upon the peg. Without

changing the Instrument in horizontal mo*

tion, I sight to Polaris to make certain that

the settings were made at elongation; there

Declination of Polaris=88Â°59'41.5"

Declination

Latitude

88Â°59'40"

88Â°59'41.5"

88Â°50'50"

Azimuth

appeared to be no deviation in azimuth for

some 15 or 20 minutes.

I lay off the azimuth of Polaris, VWU", to the

west of the mean direction determined by

the observation and set a point for the test

meridian; then by direct and reversed

sights, I ascertain that the angle subtended

by the flag on the cor. of sees. 1,6, 7, and 12, is

0Â°13'08"> or 0Â°00'08" from the reported

bearing.

33Â°0O'0O"

1Â°11'56"

1 12 18

1 12 47

1Â°U'44"

33 23'40.8"

VWU"

1 12 04

1 12 34

34 00 00
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Polaris at Elongation, Observing Program II e" 

90. Select the observing station and make suitable provision to 
mark the line defining the direction of Polaris at elongation; provide 
~uitable illumination for both the transit and flag point, and have 
everything in readiness before the time of elongation. 

Thoroug-hly level the transit. 
Bisect Polaris and note that the motion of the star carries it away 

from the vertical wire in the proper direction. As long as this motion 
is discernible continue the bisection of Polaris by the tang<'nt move
ment. When it can not be discerned in a period of several minutes 
that the least east or west motion is taking place mark the direction of 
sight upon the ground. 

Reverse and level the transit. 
Again bisect Polaris and mark the direction of sight upon the 

ground. 
Verify the position of Polaris in its diurnal circle by again bisect

ing the star and without changing the tangent motion note the move
ment of Polaris; the motion should still be nearly vertical, with a 
scarcely discernible movement in the opposite horizontal direction. 

By daylight determine the mean of the sights, and establish the 
meridian by properly laying off the correct azimuth as described 
in observing program "a." 

Example of observation of Polaris at elongation for azimuth, 
observing program "e": 

Field record 

May 31, 1944, Or. m. t., E. E. of Polaris, 
lat. 40° 3h13.8m a. m. 

Red. to lonp:. 104°17'05.5" W. -1.1 
Red. to lat. 33°23'40.8" N. -0.7 --
L. m. t. of E. E. of Polaris 3h12.0m B. m. 

Declination of Polarls=88°59'41.5" 

Deelinatlon 

Latitude 88°59'40" I 88°59'41.5" I 88°59'50" 

Azimuth 

33"00'00" 1 °11'56" 1°11'44" 

33 23'40.8" 1 1216 1°12'14" 1 1204 

340000 1 1247 1 1234 

90 
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Transeribed field notes 

May 3~ 11144, at the closing T~. cor., on the 2nd 
Stan ard Parallel Sout, In latitude 
33°23'40.8" N., and lonldtude 104°17'06.'6 W.o 
as computed from tie to U. S. Coast and 000-
detic Survey station "Comanche" In sec. 38, 
T. 10 S .. R. 26 R. in order to verify the aline-
ment of the east bdy. of T. 11 B., R. 26 E .• I 
bisect Polaris. follow the motion of the star to 
eastern elon~atlon. at 3h12m a. m., I. m. t .• 
and mark t e direction u~n a ~ driven 
tinnIe; In the lZl'Ound 8 cbs. .; I t en reverse 
the nstrum('nt, again bisect Polaris, and 
mark the direction upon the C. Without 
chanldn~ the Instrument In orizontaI mo· 
!ion, I ght to Polaris to make certain that 
the settings were made at elongation; there 
appeared to be no deviation In azimuth for 
some 15 or 20 minutes. 

I layoff the azimuth of Polaris. 1°12'14". to the 
west of the mean direction determined by 
the obserntlon and set 8 point for the test 
meridian; then by d!rect and reversed 
sip:hts. I ascertain that the angle subtended 
by the ftag on tht" eor. 0' 8eCS. 1,6.7. and 12. Is 
0°13'08", or 0"00'08" (rom the reported 
bearing. 
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Azimuth of Polaris at Any Hour Angle

91. While there is no better method for the establishment of the

true meridian than the observation upon Polaris at elongation, yet

most of the year this requires night observing. Should Polaris be

obscured by clouds at the time of elongation the observation must

fail.

The "hour angle" method admits of observation upon Polaris for

azimuth at any time that the star is visible; the precise watch error

local mean time must be known, but if this has been determined, the

hour angle method becomes at once the most convenient. The

possible accuracy of the result compares favorably in every way with

the refinement to be obtained in an observation at elongation.

The determination of the watch error local mean time and the cal-

culation of hour angles having been fully treated on previous pages,

it remains only to state that the record of the time observation should

appear in the field notes with the record of all observations upon

Polaris for azimuth by the hour angle method, as the azimuth observa-

tion is incomplete without the time determination. With the meridian

observation of the sun for apparent noon, and the use of the azimuth

tables contained in the Ephemeris, the entire process becomes simple

and yet highly refined. The radio and stellar methods of time

determination add greatly to the certainty of having the right watch

correction in terms of local mean time.

92. Azimuth of Polaris at any hour angle.â��"t"=sidereal hour

angle in angular measure; in hour angles exceeding 90Â° the function

"â��sin <t> cos t" becomes positive by virtue of the cosine of an angle

between 90Â° and 270Â° being treated as negative in analytical reduc-

tions:

sin t

Tan^l=

cos <j> tan Sâ��sin <f> cos t

A table of azimuths of Polaris at all hour angles, for latitudes from

10Â° to 65Â° N., appears in the Ephemeris, arguments: declination of

Polaris, mean time hour angle, and latitude of station. For other

than the latitudes given in the table, and for greater accuracy in terms

of seconds of azimuth, the engineer will be required to solve the above

equation.

700004Â°â��47 8
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Azimuth of Polaris at Any Hour Angle 

91. While there is no better method for the establishment of the 
true meridian than the observation upon Polaris at elongation, yet 
most of the year this requires night observing. Should Polaris be 
obscured by clouds at the time of elongation the observation must 
fail. 

The "hour angle" method admits of observation upon Polaris for 
azimuth at any time that the star is visible; the precise watch error 
local mean time must be known, but if this has been determined, the 
hour angle method becomes at once the most cOllvenient. The 
possible accuracy of the result compares favorably in every way with 
the refinement to be obtained in an observation at elongation. 

The determination of the watch error local mean time and the cal
culation of hour angles having been fully treated on previous pages, 
it remains only to state that the record of the time observation should 
appear in the field notes with the record of all observations upon 
Polaris for azimuth by the hour angle method, as the azimuth observa
tion is incomplete without the time determination. With the meridian 
observation of the sun for apparent noon, and the use of the azimuth 
tables contained in the Ephemeris, the entire process becomes simple 
and yet highly refined. The radio and stellar methods of time 
determination add greatly to the certainty of having the right watch 
correction in terms of local mean time. 

92. Azimuth of Polaris at any hour angle.-"t"=sidereal hour 
angle in angular measure; in hour angles exceeding 90° the function 
"-sin q, cos t" becomes positive by virtue of the cosine of an angle 
between 90° and 270° being treated as negative in analytical reduc
tions: 

Tan A= sin t. 
cos q, tan ~-sm q, cos t 

A table of azimuths of Polaris at all hour angles, for latitudes from 
10° to 65° N., appears in the Ephemeris, arguments: declination of 
Polaris, mean time hour angle, and latitude of station. For other 
than the latitudes given in the table, and for greater accuracy in terms 
of seconds of azimuth, the engineer will be required to solve the above 
equation. 
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93. Example of computing the azimuth of Polaris, February 21,

1945, at a mean time hour angle of 2h37.4m, in latitude 33Â°20' N., on

which date the declination of Polaris=89Â°00'26" N.:

Mean time hour angle

Red. to sidereal hour angle

= 2i-37.4Â°>

=2"37Â»24"

= +26"

2h=30Â°

37-= 9Â°15'

50'= 12'30"

Sidereal hour angle

I =2h37Â»50Â»

= 39Â°27'30"

log cos eft

" tan8

= 9. 921940

â� Â» 1.761227

log sin eft

" cos*

â� =9. 739975

= 9. 887666

" cos eft tan S

= 1.683167

" sin eft cos

t =9. 627641

nat cos eft tan 5

â�¢=48. 213

nat sin eft cos

<= 0.424

nat sin eft cos t

â� = 0. 424 (-)

log sin (

" 47. 789

â� =9. 803127

Â«=1. 679328

Algebraic sum

-=47. 789

" tan 4

=8. 123799

Azimuth of Polaris

at above hour an

gle, A

= 0Â°45'43"

Example in the use of the table of azimuths of Polaris at any hour

angle, same date, hour angle and station as above, showing the method

of interpolation:

Azimuth of Polaris

Mean time hour

Mean declination +89Â°00'20"

Correction sub-

tractive tor

declination

+89Â°00'30"

angle

Latitude

32Â°

33Â°20'

34Â°

2b29. 6-

37. 4

39.6

43'. 2

45.6

43'. 9

45.8

46. 3

44'. 2

46.7

0'. 1

0. 1

0.1

By interpolation in the table the required azimuth of Polaris is

therefore found to be 0Â°45.8'-0M=0Â°45'42".

94. Example of computing azimuth of Polaris Sept. 15, 1945, at

a mean time hour angle of 7"25.1m, in latitude 42Â°54' N., on which

date the declination of Polaris=89Â°00'10" N.:
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93. Example of computing the azimuth of Polaris, February 21, 
1945, at a mean time hour angle of 2h37.4m

, in latitude 33°20' N., on 
which date the declination of Polaris=89°00'26" N.: 

Mean time hour angle =2h37.4m 
=2h37m24· 2h=30° 

37m= 9°15' 
Red. to sidereal hour angle -= + 26" 50"= 12'30" 

Sidereal hour angle 

log C08 '" 

" tan 3 

" cos'" tan 3 

nat cos", tan 3 

nat sin .p cos t 

Algebraic SUlD 

= 9.921940 
- 1.761227 

c:: 1. 683167 

-=48.213 

-= 0.424 (-) 

=47.789 

log sin .p 
" cos t 

=9.739975 
=9.887666 

" sin.p cos t =9. 627641 

nat sin", cos t=O. 424 

log sin t -= 9. 803127 
" 47. 789 -= 1. 679328 

" tan A -=8.123799 

Azimuth of Polaris at above hour angle, A 

Example in the use of the table of azimuths of Polaris at any hour 
angle, Bame date, hour angle and station as above, showing the method 
of interpolation: 

-
Azimuth of Polaris 

Mean declination +89°00'20" Correction sub-
Mean time hour tractive Cor 

anglo uediillltlon 
Latitude +1011'00'30" 

32" 33°20' 34° 

2b29.6m 43'.2 43'.9 44'.2 0'. 1 
37.4 45.8 0.1 
39.6 45.6 46.3 46.7 0.1 

By interpolation in the table the required azimuth of Polaris is 
therefore found to be 0°45.8'-0'.1=0°45'42". 

94. Example of computing azimuth of Polaris Sept. 15, 1945, at 
a mean time hour angle of 7b25.1m

, in latitude 42°54' N., on which 
date the declination of Polaris=89°00'10" N.: 
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Mean time hour angle

deduction to sidereal hour angle

Sidereal hour angle

=7h25.1Â»

= 7h25"06Â«

= +1-13*

7*= 105Â°

26Â°= 6Â°30'

19. = 4'45"

log cos <t>

" tan J

'- cos <(> tan S

nat cos <t> tan S

11 sin <t> cos S

Algebraic sum

â�  9. 864833

= 1.759287

= 1.624120

=42. 084

. .250(+)

=42. 334

â� =7h26Â°19'

log sin <t>

" cos t

" sin <fi cos t

nat sin <t> cos t

log sin t

" 42.334

" tan A

Azimuth of Polaris at above hour angle, A

111Â°34'45"

Â«=9. 832969

Â«=9. 565596

-=9. 398565

â�¢=.250

= 9. 968441

-1.626689

â� =8. 341752

Â«1Â°15'30"

Example in the use of the table of azimuths of Polaris at any

hour angle, same date, hour angle and station as above:

Azimuth of Polaris

Correction ad-

ditive for

declination

+89Â°00/

Mean time hour

angle

Mean declination +89Â°00'20"

Latitude

42"

42Â°54'

44Â°

10"

7h18. 8Â°

25. 1

28.8

75'. 0

76'. 1

77'. 5

76. 1

0'. 2

0.2

75.3

73.7

74.8

By interpolation in the table the required azimuth of Polaris is therefore

found to be 1Â°15'.3+0'.2=1Â°15'30".

95. When vertical angle readings are taken in the hour angle

observation on Polaris, the reduction can be extended to include

the latitude of the station.

In the example in sec. 93 the mean time hour angle was 2h37.4m;

the declination of Polaris was 89Â°00'26" N. By including the mean

observed vertical angle of 34Â°07'30" in the record of the observation

95
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Mean time hour angle___________________ =71025.1'" 
=71025"'06' 

,{eduction to sidereal hour angle__________ = +lm131 

Sidereal hour angle___________ _ _ _ _ _ _ _____ =7 10261D 191 

log cos '" c:: 9. 864833 log sin '" 
~. tan' 1. 759287 .. cos t c:: 

tf eos '" tan a c:: 1. 624120 .. sin", cos, 

nat cos '" tan 6 =42. 084 nat sin", COB' 

.. 
sin '" cos a c:: .250(+> log sin t 

Algebraic sum -42.334 u 42.334 

f! tan A 

Azimuth of Polari8 at above hour angle, A 
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7·-=105° 
26"'= 6°30' 
19' = 4'45" 

c:: 9. 832969 
-=9.565596 

-9.398565 

-=.250 

-9.968441 

-1.626689 

-8. 341752 

Example in the use of the table of azimuths of Polaris at any 
hour angle, same date, hour angle and station as above: 

Azimuth of Polaris 
Correction ad-

Mean declination +89°()()'2O" ditlvc for 
Mean time hour declination 

angle +119°00' 
Latitude 

42" 42°54' 44° 10" 

710 18. 8'" 75'.0 76'. 1 77'.5 0'.2 
25.1 75.3 
28. 8 73.7 74.8 76.1 0.2 

By interpolation in the table the required azimuth of Polaris is therefore 
found to be 1°15'.3+0.'.2=1°15'30". 

95. When vertical angle readings are taken in the hour angle 
observation on Polaris, the reduction can be extended to include 
the latitude of the station. 

In the example in sec. 93 the mean time hour angle was 2b37.4m
; 

the declination of Polaris was 89°00'26" N. By including the mean 
observed vertical angle of 34 °07'30" in the record of the observation 
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the latitude may be reduced from the table in the Ephemeris, ar-

riving at the value <Â£=33o20' N., as follows:

Primary adjustment, Mihtractive,

Mean observed vert, ang.,

Refraction,

r=34Â°07'30"

r= -127

Meantime

hour angle

Polaris above the pole

Declination

Prim. ad), to elev. of pole

Supplemental correction

A=34Â°06'03"

â� = -45'57"

- -04"

89Â°00'10"

89Â°0O'26"

89Â°00'30"

Latitude of station,

*=33Â°20'02" N.

2'35.6Â»

2 37.4

2 47.8

0Â»46'18"

0 4414

0Â°46'05"

0 45 67

0 44 02

0Â°46'02"

0 43 59

In the example in sec. 94 the mean time hour angle was 7h25.1m;

the declination of Polaris was 89Â°00'10" N. By including the mean

observed vertical angle of 42c32'30" in the record of the obser-

vation, the latitude may be reduced from the table in the Ephemeris,

arriving at the value #=42Â°54' N., as follows:

Primary adjustment, additive,

Polaris below the pole

Mean observed vert, ang.,

Refraction,

Â»=42,,32'30"

r- -103

Mean time

hour angle

Decimation

A-42Â°31'27"

Prim. ad], to elev. of pole

Supplemental correction

- +22W

89Â°00'10"

- -02"

Latitude of station,

tf-42Â°53'52" N.

7'22.8Â»

7 25.1

7 28.8

0Â°21'54"

0 2227

0 23 20

96. An observation upon Polaris for azimuth by the hour angle

method consists in marking upon the ground a point to define the

true line of sight to Polaris at any convenient moment, the watch error

local mean time being known, from which line to lay off the true

meridian. An equivalent process is* to determine the true hori-

zontal angle by deflection from a fixed reference point to Polaris at

any convenient moment, the watch error local mean time being known,

by which to determine the true bearing of the reference point.

To recapitulate, the following general program will be found best

adapted to the requirements of the every day public-land surveying

practice, and will be used most extensively:

Time: By meridian observation of the sun for apparent noon.

Latitude: By meridian altitude observation of the sun.

Azimuth, true meridian upon which to test the orientation of the

solar unit: By hour angle observation on Polaris at sunset.

Azimuth, on lino: By the solar transit properly adjusted to the

true meridian.

95
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the latitude may be reduced from the table in the Ephemeris, ar
riving at the value .p=33 °20' N., as follows: 

Primary n'ljustm<>nt, mhtr~('(iye, "!\ff'an ohserved vert. ang., 17=34°07'30" 
Polaris above the po)c Refraction, r= -lZl 

Mean time h=34°06'03" 
hour angle Decllnation Prim. adj. to elev. of pole ~ -45'57" 

Supplemental correction ... -04" 

89°()(J'l0" 89°00'26" 89°()(Y30" Latitude of station, </)=-33°20'02" N. 

2b311.6" 0°46'18" 0°46'05" 0°46'02" 
2 37.4 04557 
247.11 04414 04402 04359 

In the example in sec. 94 the mean time hour angle was 7b25.1m ; 

the declination of Polaris was 89°00'10" N. By including the mean 
observed vertical angle of 42°32'30" in the record of the obser
vation, the latitude may be reduced from the table in the Ephemeris, 
arriving at the value q,=42°54' N., as follows: 

I 
Primary aojustment, additive, :Ml'nn observed vert. ang., 11-42°32'30" 

Polaris bp]ow the pole Refraction, r- -103 

Mean time h-42oal'Zl" 
hour angle Declination 

Prim. aoJ. to clev. of rcole - +22'27" 
Ruppll'ml'ntal corroct on - -02" 

89°00'10" 
Latitude of station, ~=42°53'52" N. 

7b22.81D 0°21'54" 
7 25.1 02227 
728.8 02320 

96. An observation upon Polaris for azimuth by the hour angle 
method consists in marking upon the ground a point to define the 
true line of sight to Polaris at any convenient moment, the watch error 
local mean time being known, from which line to layoff the true 
meridian. An equivalent process is' to determine the true hori
zontal angle by deflection from a fi.."'!(ed reference point to Polaris at 
any convenient moment, the watch error local mean time being known, 
by which to determine the true bearing of the reference point. 

To recapitulate, the following general program will be found best 
adapt('d to the requir('ments of the every day public-land surveying 
practice, and will be usrd most extensively: 

Time: By meridian obsp.rvation of the sun for apparent noon. 
Latitude: By meridian altitude observation of the sun. 
Azimuth, true meridiall upon \,,'hich to test the orientation of the 

Bolar unit: By hour angle observution on Polaris at sunset. 
Azimuth, on lino: By the solar transit properly adjusted to the 

true meridian. 
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The most frequent substitutions and supplemental observations

include: For time, radio time signals, and the meridian passage of a

star in the equatorial belt. For latitude, vertical angle readings on a

star in the equatorial belt at meridian passage, and vertical angle read-

ings on Polaris by the hour angle method when observing for azimuth.

Azimuth for check observations at the camp meridian and on the line

of the survey, altitude observation on the sun and the brighter stars

in the equatorial belt by daylight methods, two well placed observa-

tions, one southeast and one southwest.

The methods as outlined afford positive verification of every ele-

ment essential to the observations for time, latitude, and azimuth.

Hour Angle Observation of Polaris, Observing Program "a,

i>

97. Select the observing station and make suitable provision to

mark the line defining the direction of Polaris; the flag point should

be not less than from 5 to 10 chains north of the transit point; provide

suitable illumination for both the transit and flag point.

Thoroughly level the transit.

With the telescope in the direct position, bisect Polaris, note the

watch time, and mark the direction of sight.

Reverse the transit, bisect Polaris, note the watch time, and

mark the direction of sight.

Again level the transit.

With the telescope in the reverse position bisect Polaris, note the

watch time, and mark the direction of sight.

Turn the transit to the direct position of the telescope, bisect

Polaris, note the watch time, and mark the direction of sight.

By daylight determine the mean (a) of the first and fourth sights,

and (b) of the second and third sights; then take the mean of points

"a" and "b" to define the true direction of Polaris at the moment of

the average of the watch times of observation.

Treat the reduction as one observation, applying the watch error

to the average watch time of observation to obtain the correct local

mean time of observation.

Enter the table in the Ephemeris or make the computation to

determine the value of the azimuth of Polaris at the epoch of the

observation with the stated arguments: declination of Polaris,

mean time hour angle and latitude; this value is then used to lay off

the true meridian to the east if Polaris is observed west of the me-

ridian or to the west if Polaris is observed east of the meridian.
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The most frequent substitutions and supplemental observations 
include: For time, radio time signals, and the meridian passage of a 
star in the equatorial belt. For latitude, vertical angle readings on a 
star in the equatorial belt at meridian passage, and vertical angle read
ings on Polaris by the hour angle method when observing for azimuth. 
Azimuth for check observations at the camp meridian and on the line 
of the survey, altitude observation on the sun and the brighter stars 
in the equatorial belt by daylight methods, two well placed observa
tions, one southeast and one southwest. 

The methods as outlined afford positive verification of every ele
ment essential to the observations for time, latitude, and azimuth. 

Hour Angle Observation of Polaris, Observing Program" a. It 

97. Select the observing station and make suitable provision to 
mark the line defining the direction of Polaris; the flag point should 
be not less than from 5 to 10 chains north of the transit point; provide 
suitable illumination for both the transit and flag point. 

Thoroughly level the transit. 
With the telescope in the direct position, bisect Polaris, note the 

watch time, and mark the direction of sight. 
Reverse the transit, bisect Polaris, note the watch time, and 

mark the direction of sight. 
Again level the transit. 
With the telescope in the reverse position bisect Polaris, note the 

watch time, and mark the direction of sight. 
Turn the transit to the direct position of the telescope, bisect 

Polaris, note the watch time, and mark the direction of sight. 
By daylight determine the mean (a) of the first and fourth sights, 

and (b) of the second and third sights; then take the mean of points 
"a" and "b" to define the true direction of Polaris at the moment of 
the average of the watch times of observation. . 

Treat the reduction as one observation, applying the watch error 
to the average watch time of observation to obtain the correct local 
mean time of observation. 

Enter the table in the Ephemeris or make the computation to 
determine the value of the azimuth of Polaris at the epoch of the 
observation with the stated arguments: declination of Polaris, 
mean time hour angle and latitude; this value is then used to layoff 
the true meridian to the east if Polaris is observed west of the me
ridian or to the west if Polaris is observed east of the meridian. 
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Example of hour angle observation of Polaris for azimuth, observing

program "a":

Field record

Transcribed field notes

Meridian observation of the son (or apparent noon:

Â«-43Â° 25.5' N. 90Â° 00'

1- 8 18 K. 37" 09.5'

Sept. 8, 1944, in camp in seo. 5, T. 25 8., R.

3 W., Willamette Meridian, Oregon, In lati-

tude 43Â°25'30" N., and longitude lZJWSO"

W.. I make a meridian observation of the sun

for apparent noon:

0-8=37Â° 09.5' T-52Â° 60.6'

r>l Watch time.

Snn's W. limb <A ' 12Â»09Â»28>

Watch time of obsn. -12Â° 10-30"

Watch fast of 1. m. t.-12Â»l>

Sun's B. limb ^3" 12 11 34

Watch time of app. noon 12ki0-30"

App. noon -12Â»00"00'

Equationoftime- â��1 49

L.m.t.ofapp.noon ll'SB-ll"

Watch fast of 1. m. t. 12-19-

Hour angle observation of Polaris:

Telescope

Watch time

At the same station, at 6*18.9- p. m., 1. m. tâ�� I

make an hour angle observation of Polaris

rh'^wOO" p. ro-

ll 31} 10

6 33 00

f> 34 45

east of the meridian, making four observa-

tions, two each with the telescope In direct

and reversed positions, and mark the men

point in the line thus determined, on â�¢ peg

driven firmly in the ground, 10 ehs. N.

Direct

f,lÂ»31Â»14Â»p. rri.

-12 19

Watch fast of 1. in. t

1 hixm-r,. p m

O'^N.Om |Â». m.

Field record

Sept. 7,1944, Or. m. t., IT. C. of Polaris

Red. to long. 123Â°04.5' W.

L. m. t., U. C. of Polaris

L. m. t. of obsn., Sept. 6

Hour ancle of Polaris east of the

meridian

Declination of Polaris

- 2M2.1- a. m.

- -1.3

- 2Â°40.8- a. m.

+12

- 6 18.9

- 8Â»21.9-

-88Â°59'48.7"

Mean

time

hour

angle

SÂ°18.6Â»

21.9

2S.0

Azimuth of Polaris

Mean declination

89Â°00W

Correction

additive

for declina-

tion 88Â°59'50'

Latitude

42Â°

fi.i. f.

04. s

03.4

43Â°25.y

60.4

44Â°

67.7

67.0

65.5

0.2-

0.2

0.2

Azimuth of Tolaris

â�  lcoii':iii"

Tran.Jcrlhed field notes

Wntch time of obsn., mean of four readings'

6Â»'31Â»14Â»p.m.

Sept. 7, I lay off the azimuth of Polaris,

lÂ°06'3fi", to the Test, and mark the meridian

thus determined, by a tack in a peg driven

firmly in the ground, 10 ehs, N.
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Example of hour angle observation of Polaris for azimuth, observing 
program "a": 

FIeld record I Tranlerlbed fleld notes 

--------------------:1-----------------
Meridian oh8ervatlon of the BUD for apparent noon: 

._43° 25.5' N. 90° 00' 
,- 6 16 N. 37° 09.5' 

._"_37° 09.11' T-li2" liO.li' 

~ Watch time. 
Bun'l W.lfmb ~ 1211()9-260 

Bun's E. 11mb f 12 11 34 

Watch time ofapp. Doon 12.iOm3Qo 
A pp. noon -12b()()m()()o 
Equation of tlme- -1 49 

L. m. t. ofapp. noon 

Watch fast of I. m. t. 

Hour angle obS€'rvation of Polaris: 

Wntrh time 
----------1-- --------, 
DII't'et ••• ___________________________ fh''';"m()()o p. m. 
Reversed ___________________________ li:1Il II) 
Reversed ___________________________ Ii ~a no 
Dlrect ______________________________ Ii ~4 4,~ 

--- --------1 l\fI'Rn ________________________ r,h3\"14 o p. ro. 
-Watch f8St or I. Ill. t. _______________ -12 III 

--------1 
L. m. t. of ObSl'rYBtlon ______________ fhl~.,~r.o p_ m. 

f~f':)\.{lm fl. m. 

Field I't'<'ord 

Flppt. 7,1944, Gr. m. t" {T. C. of Polaris - 2h42.1m a. m. -
Red. to long. 123°IK.o5' W. - -1.3 

L. m. t., U. C. of Polaris 

L. m. t. of obsn., 8ppt. 6 

- 2h40.81D a. m. 
+12 
- 618.9 

Hour Rnc:le of Polaris ea.~t of the 
meridian - 8h21.9" 

--
Declination of Polaris -88°059'48.7" 

Azimuth or Polaris 

Mean COlTt'rtion 
time M e.an d('rlination addltlYf! 
hour 8!)O()(),()()" for d('('lina-
angle - tlon 88°59'.50"-

Latitude 

4~ 43°25.li' 44° 

8hlS.r,m 6.~.1i 67.7 0.2' 
21.!l G4.!I I 66.4 67.0 0.2 
28.6 63.4 M.II 0.2 

Azimuth or Polaris .., I 0()lj.4' +0.2' 
-1 co\j':lfl" 

97 

Sept. 8, 19«, In camp In 180. II, T. 25 S., R. 
3 W., WtnBDlette Meridian, Oregon, In lati
tude 43°2.0;'30" N., and longitude 123"04'30" 
W., I make a meridian observation of the IUD 
for apparent noon: 

Watch time of obm. -12"1()a3C)l 

Watch fast of I. m. t.-l2-1Go 

At thll same station, at 6"18.9- p. m., 1. m. t., I 
make an hour angle obSEll'Vatlon of Po1arll 
east of the mf!rldlan, making four observa
tions, two each with the telescope In direct 
and reversed positions, and mark the meaD 
point In the line thus determined, on a pee 
driven ftrmly In the cround, 10 chi. N. 

Tnm:'<'rlhed field notes 

: Wntrh time of obsn., mean of four read!np-
Iil':!I"I4- p. m. 

~('pt. 7, I layoff the s7.lmnth of Polaris, 
I °oo'all", to the west, an(l mark the meridian 
thus determined, bl. a tack In a pee driTm 
firmly In the graun ,10 cbs. N. 

- . 
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Hour Angle Observation of Polaris, Observing Program "b"

98. Select the observing station and choose a suitable reference

mark in any direction. The reference point should be not less than

from 5 to 10 chains distant.

Thoroughly level the transit.

With the telescope in the direct position, read and note the hori-

zontal angle from the reference point to Polaris, noting the watch

time at the moment Polaris is bisected.

Reverse the transit and read and note the horizontal angle from

the reference point to Polaris, noting the watch time at the moment

Polaris is bisected.

With the telescope in the reverse position again read and note the

horizontal angle from the reference point to Polaris, noting the watch

time at the moment Polaris is bisected.

Turn the transit to the direct position of the telescope and again read

and note the horizontal angle from the reference point to Polaris,

noting the watch time at the moment Polaris is bisected.

Treat the reduction as one observation, applying the watch error

to the average watch time of observation to obtain the correct local

mean time of observation.

The mean of the four horizontal deflection angles may be taken,

to which must be applied the proper value of the azimuth of Polaris

at the mean epoch of the observation, to give the true bearing of the

reference mark, from which the true meridian may be laid off.

The hour angle observation for azimuth should always be coupled

with an observation for time, or some other determination of the exact

watch correction in terms of local mean time. By reading the vertical

angle at each setting it may be combined with the latitude observa-

tion. The latter observing program is generally regarded as the most

useful in the everyday practical work, and most convenient if made

during the twilight period at sunset or sunrise.

Increased accuracy in the horizontal angle determination may be

secured through modifying the observing program, by using the

method of repetitions instead of the four separate readings. On some

important surveys (transit methods apart from orientation by the

solar unit) this observing program may be carried through daily,

giving assurance that no appreciable accumulative errors have entered

into the calculated direction of the lines.
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Hour Angle Observation of Polaris, Observing Program "b" 

98. Select the observing station and choose a suitable reference 
mark in any direction. The reference point should be not less than· 
from 5 to 10 chains distant. 

Thoroughly level the transit. 
With the telescope in the direct position, read and note the hori

zontal angle from the reference point to Polaris, noting the watch 
time at the moment Polaris is bisected. 

Reverse the transit and read and note the horizontal angle from 
the reference point to Polaris, noting the watch time at the moment 
Polaris is bisected. 

With the telescope in the reverse position again read and note the 
horizontal angle from the reference point to Polaris, noting the watch 
time at the moment Polaris is bisected. 

Turn the transit to the direct position of the telescope and again read 
and note the horizontal angle from the reference point to Polaris, 
noting the watch time at the moment Polaris is bisected. 

Treat the reduction as one observation, applying the watch eITor 
to the average watch time of observation to obtain the coITect local 
mean time of observation. 

The mean of the four horizontal deflection angles may be taken, 
to which must be applied the proper value of the azimuth of Polaris 
at the mean epoch of the observation, to give the true bearing of the 
reference mark, from which the true meridian may be laid off. 

The hour angle observation for azimuth should always be coupled 
with an observation for time, or some other determination of the exact 
watch correction in terms of local mean time. By reading the vertical 
angle at each setting it may be combined with the latitude observa
tion. The latter observing program is generally regarded as the most 
useful in the everyday practical work, and most convenient if made 
during the twilight period at sunset or sunrise. 

Increased accuracy in the horizontal angle determination may be 
secured through modifying the observing program, by using the 
method of repetitions instead of the four separate readings. On some 
important surveys (transit methods apart from orientation by the 
solar unit) this observing program may be carried through daily, 
giving assurance that no appreciable accumulative eITors have entered 
into the calculated direction of the lines. 
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On the plan as described above, the observing program "b" may be

restated as follows:

Thoroughly level the transit.

With the telescope in the direct position, first set on the reference

mark, then turn the plate angle and vertical angle positions to bisect

Polaris for both horizontal and vertical angle; note the watch time;

record both angles. Leave the plate clamp set.

An assistant should multiply the first horizontal angle by 2, 3, and

4, to give the settings for the subsequent sightings.

Loosen the lower clamp, reverse the position of the telescope, set

back to the observing mark, using the lower tangent motion. Turn

the horizontal and vertical angles a second time, for the second sight-

ing on Polaris; note the watch time; record the vertical angle. Leave

the plate clamp set.

With the telescope unchanged for position, loosen the lower clamp,

set back to the observing mark, using the lower tangent motion.

Make the 3rd sighting on Polaris; note the watch time; record the

vertical angle. Leave the plate clamp set.

Turn the telescope to the direct position, loosen the lower clomp,

set back to the observing mark, using the lower tangent motion.

Make the 4th sighting on Polaris; note the watch time; record the

vertical angle. On this setting, record the plate reading, for which

the horizontal angle has been repeated, or accumulated, four times.

Divide the last plate reading by four; the quotient is the value of

the mean horizontal angle of the observation. References: repeti-

tion of angles, sees. 36 and 55.

The following example is by the method of repetitions, observation

for azimuth (the data for the vertical angle readings, and the reduc-

tion for latitude not being included).

Example of hour angle observation of Polaris for azimuth, observ-

ing program "b":
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On the plan as described above, the observing program "b" may be 
restated as follows: 

Thoroughly level the transit. 
With the telescope in the direct position, first set on the rt'f('rcnre 

mark, then turn the plate angle and vertical angle positions to bisect 
Polaris for both horizontal and vertical angle; note the watch time; 
record both angles. Leave the plate clamp s('t. 

An assistant should multiply the first horizontal angle by 2, 3, and 
4, to give the settings for the subsequcnt sightillgg. 

Loosen the lower clamp, reverse t.he position of the telescope, set 
back to the observing mark, using the lower tangent motion. Turn 
the horizontal and vertical angles a second time, for the second sight
ing on Polaris; not.e the watch time; record the vertical angle. Leave 
the plate clamp set. 

With the telescope unchanged for position, loosen the lower clamp, 
set back to the observing mark, using the lower tangent motion. 
Make the 3rd sighting on Polaris; note the watch time; record the 
vertical angle. Leave the plate clamp set. 

Turn the telescope to the direct position, loosen the lower clamp, 
set bark to the observing mark, using the lower tangent motion. 
~1akc the 4th sighting on Polaris; note t he watch time; record the 
'Tertical angle. On this setting, rccord the plate reading, for which 
the horizontal angle has b('('n I'('Iwnt('d, or IlcculUulah\d, four times. 

Divid(\ tlH' last plnte J'(\adillg by four; th(' qlloti('nt. is the vulu(' of 
the mean horizontal angle of the obsenu,tion. References: repeti
tion of angles, sees. 36 and 55. 

The following example is by the method of repetitions, observ8.tion 
for azimuth (the data for the vert.ical angle readings, and the reduc
tion for latitude not being included). 

Example of hour angle observation of Polaris for azimuth, observ
ing program "b": 
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Transcribed field notes

Oct. 13, 1944, at a transit point, on a tract of

land Identified as Outlot Lettered H, situ-

ated in the town of Waldo, Russell County,

Kansas, in WHSWM Sec. 5, T. 11 8., R. 13

W., 6th Prin. Mer., in latitude 39Â°07'24" N., "

and longitude 98Â°47.9' W., I find by compari-

son with a Western Union telegraph clock

that my watch Is 10m40" slow of 90tn merid-

ian-standard time.

At the same station, at S^M)?1 p. m., 1. m. t.,

I make an hour angle observation of Polaris,

east of the meridian, two each with the tele-

scope In direct and reversed positions, read-

ing the horizontal deflection angle, by repti-

tion, from the W. edge of a post, 20.50 chs.

N., east to Polaris.

Watch time of observation =5h44m39Â» p. m.

Mean horizontal angle,

Polaris to W. edge of post - 1Â°13'3S" W.

Azimuth of Polaris -1Â°14'45"E.

True bearing of W. edge of

post

-N.0Â°01'07" E.

Field record

Hour angle observation of Polaris:

Telescope

Direct

Reversed.

Reversed..

Direct

Horizontal

angle from

post to

Polaris, by

repetition

1Â°13'30"

4 54 30

Mean 1Â°13'38"

Watch slow of 90th mer. standard time

Correction for longitude

L. m. t. of obsn., Oct. 13,1944

Watch time

5M2Â»42Â« p. m.

5 44 22

5 45 22

6 46 12

5h44Â»39- p. m.

+10 40

-35 12

-5h20'Â»07,p.m.

Â«"5b20.1â�¢ p.m.

Or. m. t., U. C. of Polaris Oct. 14,1944 =0M7.O-

Eed. to long. 98Â°47.9' W. - -1.1

L. m. t. ofTJ. C.Oct. 14

L. m. t. of obsn., Oct. 13

â��0M5.9"" a.m.

+12

-5 20.1 p.m.

Hour angle of Polaris east of the

meridian

Declination of Polaris

=89Â°00'01" N.

Mean time

hour angle

6MR.9"

85.8.

58.9

Azimuth of Polaris

Mean declination +89Â°00'00"

Latitude

74.1'

73.55

73.3

39Â°07.4'

40Â°

76.2'

75.65

75.4

Azimuth of Polaris = lÂ°14.75'

= 1Â°14'45"
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Field record 

Hour angle observation of Polaris: 

Horizontal 
anl!ie from 

Telellcope post to 
Polarl~, by 

Watch time 

repetition 

DIrect ______________________ 1°13'30" Sh42m420 p. m. Reveraed.. __________________ 
S 44 22 Reversed. __________________ Is 45 22 DIrect ______________________ 

46430 6 46 12 

Mean ________________ 1 °13'38" i5b«m390 p. m. 
Watch slow ot 90th mer. standard time +10 40 
Correction for longitude -3S 12 

---
L. m. t. of obsn., Oct. 13, 19« - 5h20m071 p. m. 

_5b20.1 1D p.m. 
---

Or. m. t., U. C. ot Polaris Oct. 14, 19« =ObI7.0" a.m. 
Red. to long. 98°47.9' W. - -1.1 ---
L. m. t. of U. C., Oct. 14 -OhIS.9- a.m. 

+12 
L. m. t. of obsn., Oct. 13 -520.1 p.m. 

---
Hour angle of Polaris east 01 the 

meridian _6h55.Sm 

---

DecUnation ot Polarfa -89°00'01" N. 

Azimuth ot Polaris 

Mean dCI'Unation +80°00'00" 
Mean time 
hour angle 

Latitude 

38° 39°07.4' 40° 

1I~.9· ______ 74.1' 76.2' 611.8 ________ 73.55 74.75' 75.65 a9 _______ 73.3 75.4 

Azimuth of Polarls=loI4.n' 
-=1°]4'45" 

-
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Transcribed field notes 

Oct. 13, 19«lt!at a transit ~lnt, on a tract of 
land Ident ed as Outlo Lettered H, situ-
ated In the town of Waldo, Russell County, 
Kansas, In Wj.iSWW Bec. 5, T. II S., R. 13 
W d 6th Prln. Mer., In latitude 39°07'24" N., 
an longitude 98°47.9' W., I find by comparl-
son with a Western Union tele~h clock 
that my watch Is IOm4~ slow ot merld-
laD-standard time. 

At the same station, at 5h20m()71 p. m., I. m. t., 
I make an hour anllle observation ot Polaris, 
east of the meridian, two each with the tele-
scope In direct and reversed pOSitions, read-
Ing the horizon tal deflection anl!le, by repti-
tion, from the W. edge ot a post, 20.60 cbs. 
N., ea.~t to Polaris. 

Watch time of observation =5h44m390 p. m. 
Mean horizontal anl!le, 

Polaris to W. edge of post -loI3'3S" W. 
Azimuth ot Polaris _1°14' 45" E. 

---
True bearing of W. edge ot 

post -N.ooOI'07" E. 
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Example of hour angle observation of Polaris for azimuth and

latitude, observing program "6":

Transcribed field notes

July 7, 1944, at a transit point at Curley Scop Guard Station, Coconino National

Forest, in the SE>4SWK sec. 21, T. 24 N., R. 6 E., Gila and Salt River Mer.,

Arizona, in approximate latitude 35Â°26' X., and longitude 111Â°46' W., elevation

approximately 7,600 ft., at 7h40.4,,,, p. m., 1. m. t., I make an hour angle observa-

tion of Polaris east of the meridian, for azimuth and latitude, making four obser-

vations, two each with the telescope in direct and reversed positions, observing

simultaneously the vertical angle to Polaris and the horizontal angle from a well

defined point on a dead pine approximately 15 chs. N., E. to Polaris. My watch

reads correct Mountain Standard Time, as checked by radio time signals.

Telescope

Watch time

p. m.

Horiznntal

anplc

Observed

vertical

antic

Dir.

Rev.

Rev.

Dir.

8h03Â»>00'

8 05 45

8 08 50

8 12 12

1Â°31'30"

1 29 00

1 30 30

1 34 00

i

34Â°31'00"

34 28 00

34 28 30

34 31 30

Mean

8h07m27'

1Â°31'30"

= 34Â°29'45"

Azimuth of Polaris =N. 0Â°18'42" E.

Bearing ot mark = N. 1Â°12'48" W.

Refraction, r

(84" X .77=65")

Primary adj. to

elevation of pole

Supplemental corr.

= -1 05

= +58 25

= 000

Latitude, *=35Â°27'05'

Field record

Watch time of observation

Watch fast of 1. m. t.

L. m. t. of observation

U. C. of Pol., Gr. m. t., July 8

Red. to long. 111Â°46' W.

L. m. t. of Upper Cul., July 8

L. m. t. of observation, July 7

Mean time hour angle of Polaris east of the

meridian

Declination of Polaris

8h07m27- p. m.

-27 04

7h40Â°>23Â« p. m.

6h40.8"> a. m.

-1.2

= 6h39.6m a. m.

+ 12

â� = 7 40.4 p. m.

= 10h59.2Â»

= 88Â°59'38"
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Example of hour angle observation of Polaris for azimuth and 
latitude, observing program "b": 

Tran8c1"l~bed field notes 

July 7, 19.f4, at a transit point at Curley Seep Guard Station, Coconino National 
Forest, in the SE!{SW~ sec. 21, T. 24 N'., R. 6 E., Gila and Salt River Mer., 
Arizona, in apprmtimate latitude 35°26' X., and longitude 111 °46' W., elevation 
approximately 7,600 ft., at 7h40.4m p. m., 1. m. t., I make an hour angle observa
tion of Polaris east of the meridian, for azimuth and latitude, making four obser
vations, two each with the telescopE' in direct and reversed positions, observing 
simultaneously the vertical angle to Polaris and the horizontal angle from a well 
defined point on a dead pine approximately 15 chs. N., E. to Polaris. My watch 
reads correct Mountain Standard Time, as checked by radio time signals. 

Watrh time Oh~rrypcI Horizontal Trlrscope 
RIl!'It· vrrtirnl 

p.m. 8D~le 

I 

Dir. 8h03m OO· 1 °31'30" 34°31'00" 
Rev. 8 05 45 1 2900 34 2800 
Rev. 8 08 .50 1 3030 34 2830 
Dir. 8 12 12 1 3400 34 31 30 

Mean 8h07m27· 1 °31'30" = 34 °29' 45" 
Refract ion, r 

Azimuth of Polaris =N. 0°18'42" E. (84" X .77=65") -105 
Primary adj. to 

Bearing ot mark =N. 1°12'48" W. c](,YRtion of pole - +5825 
000 

98 

Supplem('ntal corr. 

Latitude, q, = 35°27'05" 

Field record 

Watch time of observation 
Watch fast of 1. m. t. 

L. m. t. of observation 

U. C. of Pol., Gr. m. t., July 8 
Red. to long. 111°46' W. 

L. m. t. of 'Gpper Cul., JUly 8 

L. m. t. of observation, July 7 

""'" 8h07m 27· p. m. 
= -27 04 

~ 6h40.8m a. m. 
-1.2 

6 h39.6m a. m. 
+12 
= 7 40.4 p. JD. 

Mean time hour anglo of Polaris east of the 
meridian 

Declination of Polaris 
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Interpolation from tables in Ephemeris:

For latitude

For azimuth

Hour angle

Declination

Latitude

Correc-

tion

88Â°69'20"

88Â°59'38"

88Â°59'40"

ZiÂ°W

3SÂ°27'

3C>Â°W

additive

10"58.2Â»__

0Â°58'38"

0 58 42

0Â°5S'19"

0 58 23

18.5'

18.2

15.5

19.0'

18.7

15.9

0.1'

10 59.2...

0Â°58'25"

18.6'

0.1

11 08.2...

11 10.2...

0 59 22

0 59 02

0.1

Prim. adj. to elev. of pole â� =0Â°58'25"

Supplemental correction =0 00 00

Azimuth of Polaris

Correction

= 0Â°18.6'

= +0.1

Â«=0Â°18.7'

N. 0Â°18'42" E.

Polaris at Sunset or Sunrise

99. If the sky is clear Polaris may be most conveniently observed by

the hour angle method at sunset or sunrise without artificial illumina-

tion. The preparation for the observation consists in computing in

advance the approximate settings in azimuth and altitude in order to

find Polaris. The plan contemplates an approximate reference merid-

ian. With the time of sunset or sunrise assumed as the time of obser-

vation, the hour angle "t" and azimuth "A" are ascertained in order

to find the position of Polaris in azimuth. The position in altitude

is found as indicated in section 76, hour angle method. The vertical

angle will bo equal to the latitude of the station plus the primary

adjustment when Polaris is above the pole, or minus when below,

taking this value from the tabulation given in the Ephemeris.

The "settings" for finding position are approximations, to bring

Polaris reasonably near the center of the field of the telescope where

the star should be found in plain view. The telescope must be

focused upon a distant object, otherwise, though Polaris may be

practically at the center of the field, it might be out of focus and

therefore may not be noticed during daylight. When Polaris has been

found the observation may proceed in accordance with either observing

program "a" or "b" of the hour angle method, the reductions to be

based upon the data derived in the observation. The settings should

be made each time for the several sightings. The daylight hour

angle method is particularly desirable because the observation, includ-

ing all instrumental work, marking of points upon the ground, etc., is

accomplished without artificial illumination, and sunset is usually a

convenient time to devote to this field duty.
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Interpolation from tables in Ephemeris: 

For latitude II For azimuth 

Declination II Latitude 
Hour angle 

88°59'20" 88°59'38" 88°59'40" 34°00' 3;'°2'1' 
-

10h58.2111 __ ' 0°58'38" 005R' 19" 18.5' 
10 59.2 ___ o 5842 O05~'25" o 5823 18.2 18.0' 
11 08.2 ___ 15.5 
11 10.2 ___ o 5922 o 5902 

Prim. adj. to elev. of pole 
Supplemental correction 

=0°58'25" Azimuth of Polaris 
= 0 00 00 Correction 

Polaris at Sunset or Sunrise 

I ("nITr('-

36°00' 
I lion 
l~dditiVe 

19.0' 
lR.7 
15.9 

=0°18.6' 
= +0.1 

=0°18.7' 

0.1' 
0.1 
0.1 

N. 0°18'42" E. 

99. If the sky is clear Polaris may be most conveniently observed by 
the hour angle method at sunset or SUlll1.S(' without artificial illumina
tion. The preparation for the observation consists in computing in 
advance the approximate settings in azimuth and nltitude in order to 
find Polaris. The plan contemplates an approximate reference merid
ian. With the time of sunset or sunrise assumed as the time of obser
vation, the hour angle "t" and azimuth "A" arc Hscertnined in order 
to find the position of Polaris in azimuth. The positioll ill altitude 
is found as indicated in section 76, hour angle method. The vertical 
angle will be equal to the latitude of the station plus the primary 
adjustmel)t when Polaris is above the pole, or mil/US when below, 
taking this value from the tabulation given in the Ephemeris. 

The "settings" for finding position are approximations, to bring 
Polaris reasonably near the center of the field of the telescope where 
the star should be found in plain view. The telescope must be 
focused upon a distant object, otherwise, though Polal1.s may be 
practically at the center of the field, it might be out of focus and 
therefore may not be noticed during daylight. 'Vhen Polaris has been 
found the observation may proceed in accordance with either obs(,rvllg 
program "a" or "b" of the hour angle method, the reductions to be 
based upon the data deriv('d in the observation. The settings should 
be made each time for the several sightings. The daylight hour 
angle method is particularly desirable because the observation, includ
ing all instrumental work, marking of points upon the ground, etc., is 
accomplished without artificial illumination, and sunset is usually a 
convenient time to devote to this field duty. 
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Example of the computation of the position of Polaris at sunset,

May 6, 1945, at a station in latitude 47Â°20' N., and longitude 102Â°40'

W.:

From the Ephemeris the declination of the sun is found to be 16Â°40' N.; the

equation of time 3m, to be subtracted from apparent time; upper culmination of

Polaris, Greenwich meridian 10h48.8Â» a. m.; the declination of Polaris + 89Â°00'06".

By entering Table 17, Standard Field Tables, the apparent time of sunset is found

to be 7h15m p. m.

May 6, 1945: Sunset

= 7h15m p.

= -3

m., app. t.

Equation of time

Anticipated time of obsn.

â� = 7"12Â» p.

+ 12

m., 1. m. t.

m.,

Gr. U. C. of Polaris ^lOMS.Sâ�¢ a. m.

Red. to long. 102Â°40' = -1.1

10 48 a.

Hour angle of Polaris, west of meridian

8h24"

A*lÂ°10' W

Latitude of station =47Â°20'

Vertical angle adjustment,

Polaris below the pole = â�� 36

Â»^46Â°44'

Example of the computation of the position of Polaris at sunset,

November 6, 1945, same station:

Declination of the sun 16Â°06' S.; equation of time 16m to be subtracted from

apparent time; upper culmination of Polaris, Greenwich meridian 10h44.0m

p. m.; declination of Polaris +89Â°00'30".

November 6, 1945: Sunset -=Â» 4h47m p. m., app. t.

Equation of time â�� â��16

Anticipated time of obsn. = 4h31nl p. m., 1. m. t.

Gr. U. C. of Polaris =10h44.0- p. m.

Red. to long. 102Â°40' = -1.1 10 43

Hour angle of Polaris, east of meridian e^â�¢ Aj*lÂ°27' E.

Latitude of station =47Â°20'

Vertical angle adjustment,

Polaris below the pole = â��04 e^47Â°16'

Example of the computation of the position of Polaris at sunrise,

November 7, 1945, same station:

Declination of the sun 16Â°17' S.; equation of time 16m to be subtracted from

apparent time; upper culmination and declination of Polaris same as above.

November 7, 1945: Sunrise = 7h13ln a. m., app. t.

Equation of time = â��16
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Example of the computation of the position of Polaris at sunset, 
May 6, 1945, at a station in latitude 47°20' N., and longitude 102°40' 
W.: 

From the Ephemeris the declination of the :mn is found to be 16°40' N.; the 
equation of time 3m , to be subtracted from apparent time; upper culmination of 
Polaris, Greenwich meridian 10h48.8m a. m.; the declination of Polaris + 89°00'06". 
By entering Table 17, Standard Field Tables, the apparent time of sunset is found 
to be 7h15m p. m. 
May 6, 1945: Sunset 

Equation of time 

Anticipated time of obsn. 

Gr. U. C. of Polaris 
Red. to long. 102°40' 

= 10h4R.8m a. m. 
= -1.1 

Hour angle of Polaris, west of meridian 

Latitude of station 
Vertical angle adjustment, 

Polaris below the pole = - 36 

= 7h15m p. m., app. t. 
-3 

1:: 7b12m p. m., 1. m. t. 
+12 

10 48 a. m., " 

Exampl(' of the computntion of the position of Polaris at sunset, 
November 6, 1945, same station: 

Declination of the sun 16°06' S.; equation of time 16m to be subtracted from 
apparent time; upper culmination of Polaris, Greenwich meridian 10h44.o
p. m.; declination of Polaris +89°00'30". 
November 6, 1945: Sunset 

Equation of time 

Anticipated time of ohi"n. 
Gr. U. C. of Polaris = 10h44.0m p. m. 
Red. to long. 102°40' - -1.1 

Hour angle of Polaril'l, east of meridian 

Latitude of station = 4i020' 
Vertical angle adjustment, 

Polaris below the pole = - 04 

4h47m p. m., app. t. 
= -16 

= 4h31m p. m., 1. m. t. 

10 43 
II 

Example of the computation of the position of Polaris at sunrise, 
November 7, 1945, same station: 

Declination of the sun 16°17' S.; equation of time 16m to be subtracted from 
apparent time; upper culmination and declination of Polaris same as above. 
November 7, 1945: Sunrise 7h13m a. m., app. t. 
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Anticipated time of obsn. Â«= 6h57m a. m., 1. m. t.

+ 12

Upper culmination of Polaris, Nov. 6th = 10 43 p. m.,

Hour angle of Polaris, west of meridian 8h14m A?* 1Â°12' W.

Latitude of station =47Â°20'

Vertical angle adjustment,

Polaris below the pole = -33 Â»*46Â°47'

References and examples, sunset or daylight observations of Polaris:

Sections 60, 61, 71, 76, 87, 97, 98, 113, 115, 116.

Altitude Observation of the Sun for Azimuth, and of the Stars

Within the Equatorial Belt

100. While the several methods of observation of Polaris for

azimuth are employed most extensively in the public-land surveying-

practice, there are many times and situations where the direct altitude

observation upon the sun is extremely useful in order to expedite the

progress on the survey and to add to the accuracy where needed.

The bright stars within the equatorial belt, well placed through the

whole 24-hour period, are available in the same manner, and may be

observed in addition to the sun, or be substituted therefor whenever

the sun may not be in favorable position. These alternatives should

be understood, and be taken advantage of whenever and wherever

the progress and/or the accuracy of the survey may be improved

thereby. In general these observations are supplemental to the

normal running of the lines by solar transit orientation, in order to

improve and to verify the line work, and to secure known accuracy

in the test meridian that is usually established at the party camp-site.

Some of the conditions will be enumerated so as to emphasize the

usefulness of the methods.

The sun is available at all times when in favorable position and not

obscured. The altitude observation will frequently permit a prompt

start on the survey in advance of an opportunity for the usual Polaris

observation. Also, at stations far removed from the party camp,

wherever and whenever the solar transit orientation should be verified

or supplemented in this manner. The direct observations during the

progress of the survey, on the lines as run, to check or verify the

orientation will contribute immeasurably to the certainty that the

solar unit is performing well. The altitude observation will give

prompt notice if the instrumental adjustments have been disturbed

to the point of disqualifying the instrument for continued use, until

the adjustments have been corrected.

Note that the sun is not always in favorable position for the best
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Anticipated time of obsn. c:: 6h57m 8. m., 1. m. t. 
+12 

Upper culmination of Polaris, Nov. 6th - 10 43 p. m., " 

Hour angle of Polaris, west of meridian 

Latitude of station = 470 20' 
Vertical angle adjustment, 

Polaris below the pole = - 33 

References and examples, sunset or daylight obseryations of Polaris: 
Sections 60, 61, 71, 76, 87, 97, 98, 113, 115, 116. 

Altitude Observation of the Sun For Azimuth, and of the Stan 
Within the Equatorial Belt 

100. While the several methods of observation of Polaris for 
azimuth are employed most extensively in the public-land surveying
practice, there are many times and situations where the direct altitude 
observation upon the sun is extremely useful in order to expedite the 
progress on the survey and to add to the accuracy where needed. 
The bright stars within the equatorial belt, well placed through the 
whole 24-hour period, are available in the same manner, and' may be 
observed in addition to the sun, or be substituted therefor whenever 
the sun may not be in favorable position. These alternatives should 
be understood, and be taken advantage of whenever and wherever 
the progress and/or the accuracy of the survey may be improved 
thereby. In general these observations are supplemental to the 
normal running of the lines by solar transit orientation, in order to 
improve and to verify the line work, and to secure known accuracy 
in the test meridian that is usually established at the party camp-site . 

. Some of the conditions will be enumerated so as to emphasize the 
usefulness of the methods. 

The Sull is available at all times when in favorable position and not 
obscured. The altitude observation will frequently permit a prompt 
start on the survey in advance of an opportunity for the usual Polaris 
observation. Also, at stations far removed from the party camp, 
wherever and whenever the solar transit orientation should be verified 
or supplemented in this manner. The direct observations during the 
progress of the survey, on the lines as run, to check or verify the 
orientation will contribute immeasurably to the certainty that the 
solar unit is performing well. The altitude observation will give 
prompt notice if the instrumental adjustments have been disturbed 
to the point of disqualifying the instrument for continued use, until 
the adjustments have been corrected. 

Note that the sun is not always in favorable position for the best 
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observing. Some of the stars axe always in favorable position, both

in hour angle and declination. Some of them may be selected in

favorable position at any time or place. The brighter stars may be

picked up during the daylight hours if not obscured by haze or clouds.

The stellar altitude observations are particularly useful during the

periods when the sun is not in favorable position. For example, in

the southern States during the summer months the sun is too high

for the noon observation for time and latitude. In the northern

States from late October until late February the sun is too low for

the best observing for time and azimuth, or for solar transit orientation.

The bright north declination stars are especially helpful for the observ-

ing in Alaska; the south declination stars for the meridian time-and-

latitude observations in Florida.

The trigonometric elements for the altitude observation for time

and azimuth are vertical angle, latiiude, and declination of the sun or

the star.

Accuracy in latitude is essential to good observing for azimuth by

the altitude method. Sections 73 to 76, inclusive. If the latitude

has not been well determined previously, the azimuth observation on

the sun southeasterly should be balanced by one southwesterly, at

about the same vertical angle. The two results, when combined, will

compensate for the unknown discrepancy in latitude.

The precision with which the azimuth may be determined by the

altitude observation of the sun or a star is directly related to the

certainty with which the vertical angle may be determined. The

error in azimuth that results from a discrepancy in vertical angle

increases rapidly in the higher altitudes, with a decrease in the hour

angle, and with the southerly declinations. (This is illustrated in

the graph, page 119). Presuming appropriate care in the observing, and

that the instrumental adjustments are in good order, but with the

possibility of an uncertain residual discrepancy in vertical angle read-

ings, it is shown in the graph that the error in azimuth which would

result from such discrepancy may be multiplied one, two, or three

times, depending upon the sun's position in altitude, hour angle, and

declination. The check for this uncertainty is to balance an observa-

tion southeasterly with one southwesterly, at about the same vertical

angle. The azimuth "A" derived from the reductions of the observa-

tions will be either too large or too small in both a. m. and p. m., and

will be compensated by taking the mean of the two results. If this

discrepancy is found to exist in performance, the difference between

the a. m. and the p. m. results will be kept at the minimum in the

vertical angles from 20Â° to 50Â°, at hour angles not less than 3 hours.

A bright star in north declination should be substituted for the sun

when the latter's south declination exceeds 10Â°.
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observing. Some of the stars are always in favorable position, both 
in hour angle and declination. Some of them may be selected in 
favorable position at any time or place. The brighter stars may be 
picked up during the daylight hours if not obscured by haze or clouds. 
The stellar altitude observations are particularly useful during the 
periods when the sun is not in favorable position. For example, in 
the southern States during the summer months the sun is too high 
for the noon observation for time and latitude. In the northern 
States from late October until late February the sun is too low for 
the best observing for time and azimuth, or for solar transit orientation. 
The bright north declination stars are especially helpful for the observ
ing in Alaska; the south declination stars for the meridian time-and
latitude observations in Florida. 

The trigonometric elements for the altitude observation for time 
and azimuth are vertical angle, latitude, and declination of the sun or 
the star. 

Accuracy in latitude is essential to good observing for azimuth by 
the altitude method. Sections 73 to 76, inclusive. If the latitude 
has not been well determined previously, the azimuth observation on 
the sun south('asterly should be balanced by one southwesterly, at 
about the same vertical angle. The two results, when combined, will 

.compensate for the unknown discrepuncy in latitude. 
The precision with which the azimuth may be determined by the 

altitude observation of the sun or a star is directly related to the 
certainty with which the vertical angle may be determined. The 
error in azimuth that results from a discrepancy in vertical angle 
increases rapidly in the higher altitudes, with a decrease in the hour 
angle, and with the southerly declinations. (This is illustrated in 
the graph,page 119). Presuming appropriate care in the observing, and 
that the instrumental adjustments are in good order, but with the 
possibility of an uncertain residual discrepancy in vertical angle read
ings, it is shown in the graph that the error in azimuth which would 
result from such discrepancy may be multiplied one, two, or three 
times, depending upon the sun's position in altitude, hour angle, and 
declina.tion. The check for this uncertainty is to balance an observa
tion southeasterly with one southwesterly, at about the same vertical 
8.Rgle. The azimuth "A" derived from the reductions of the observa
tions will be either too large or too small in both a.. m. and p. m., and 
will be compensated by taking the mean of the two results. If this 
discrepancy is found to exist in performance, the difference between 
the a. m. and the p. m. results will be kept at the minimum in the 
vertical angles from 20° to 50°, at hour angles not less than 3 hours. 
A bright star in north declination should be substituted for the SUll 

when the l"'tter's south declination exceeds 10°. 
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The altitude observation calls for accuracy in the instrumental

adjustments, and for good judgment in the selection of a well-formed

pole-zenith-sun triangle. Vertical angles from 20Â° to 50Â° are to be

preferred, not less than 3 hours from meridian passage, and north

decimation. A bright star in north declination is much better than

the sun when the latter's south declination exceeds 10Â°.

In order to balance the altitude observation for azimuth, to com-

pensate for uncertainties in vertical angle, the sun may be observed

southeasterly and southwesterly; or the sun in one position and a star

in the companion position; or two north declination stars may be

selected, especially when the sun is in southerly declination; etc.;

the purpose being to balance the observation in nearly the same verti-

cal angle, and to secure well-shaped celestial-triangles. Sections 112

to 116, inclusive.

The General Land Office solar transit is equipped with a full vertical

circle; a neutral-tint colored-glass in the dust shutter of the eye-piece;

a removable prismatic eye-piece; and, a removable reflector for illum-

inating the cross-wires. These are essential to rapid and accurate

altitude observations, and for the night observing. The latest model

is equipped with a solar circle in the reticle of the transit telescope;

this gives the horizontal and vertical angle sightings to the sun's

center (instead of to the limbs). Sections 41, 77, 112. Note that in

the diagram of this reticle (line cut, sec. 112), double lines are provided

for half of each the vertical and horizontal cross-wires; this spacing

is to improve the stellar observation for exact centering, avoiding the

complete covering of the star by the wire (as the latter may obscure

the star in the daylight observation).

There are a number of equations for solving the altitude observation

for azimuth, in which the elements are vertical angle, latitude, and

declination of the sun or the star. These are companion equations

to those employed in solving the altitude observation for time, using

the same elements. Some of the equations are adapted to the use of

natural trigonometric functions and the computing machine; the same

equations may be employed by logarithmic reduction in combination

with the natural functions; some are adapted to strictly logarithmic

reduction. The examples will illustrate the several uses. Occasion-

ally, for a check against a possible error, if the results do not come out

as expected, a second reduction may be made, using another equation.

The same equations are employed for the stellar observations as

for the altitude observation of the sun. With the stars there is no

reduction to center, no correction for parallax, and no hourly change

in declination. The sun and the stars have the same corrections for

refraction in zenith distance, the latter subject to temperature change

and to differences in barometric pressure.

100

120 MANUAL OF SURVEYING INSTRUCTIONS 

The nltitude observation calls for accuracy in the instrumental 
adjustments, and for good judgment in the selection of a well-formed 
pole-zenith-sun triangle. Vertical angles from 20° to 50° are to be 
preferred, not less than 3 hours from meridian passage, and north 
declination. A bright star in north declination is much better than 
the SUD when the latter's south declination exceeds 10°. 

In order to' balance the altitude observation for azimuth, to com
pensate for uncertainties in vertical angle, the SUD may be observed 
southeasterly and southwesterly; or the sun in one position' and a star 
in the companion position; or two north declination stars may be 
selected, especially when the SUD is in southerly declination; etc.; 
the purpose being to bnlance the observation in nearly the same verti
cal angle, and to secure well-shaped celestial-triangles. Sections 112 

. to 116, inclusive. 
The General Land Office solar transit is equipped with a full vertical 

circle; a neutral-tint colored-glass in the dust shutter of the eye-piece; 
a removable prismatic eye-piece; and, a removable reflector for illum
inating the cross-wires. These are essential to rapid and accurate 
altitude observations, and for the night observing. The latest model 
is equipped with a solar circle in the reticle of the transit telescope; 
this gives the horizontal and vertical angle sightings to the sun's 
center (instead of to the limbs). Sections 41, 77, 112. Note that in 
the diagram of this reticle (line cut, sec. 112), double lines are provided 
for half of each the vertical and horizontal cross-wires; this spacing 
is to improve the stellar observation for exact centering, avoiding the 
complete covering of the star by the wire (as the latter may obscure 
the star in the daylight observation). 

There are a number of equations for solving the altitude observation 
for azimuth, in which the elements are vertical angle, latitude, and 
declination of the SUD or the star. These are companion equations 
to those employ~d in solving the altitude observation for time, using 
the same elements. Some of the equations are adapted to the use of 
natural trigonometric functions and the computing machine; the same 
equations may be employed by logarithmic reduction in combination 
with the natural functions; some are adapted to strictly logarithmic 
reduction. The examples will illustrate the several uses. Occasion
ally, for a check against a possible error, if the results do not come out 
as expected, a second reduction may be made, using another equation. 

The same equations are employed for the stellar observations as 
for the altitude observation of the SUD. With the stars there is no 
reduction to center, no correction for parallax, and no hourly change 
in declination. The sun and the stars have the same corrections for 
refraction in zenith distance, the latter subject to temperature change 
and to differences in barometric pressure. 
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Under the Manual rules, a series of three altitude observations upon

the sun, each with the telescope in direct and reversed position, are

required. Each pair of direct and reversed sightings are combined

and reduced as one observation. This will give three results for the

indicated bearing of the reference mark. The separate results will

vary somewhat, much the same as separate orientations of the solar

unit. When desired, in order to guard against error, or to check a

discrepancy, any of the sightings may be reduced to the sun's center,

and solved separately.

For the stellar altitude observation four sightings are required, two

each with the telescope in direct and reversed position, to be reduced

as one observation. The number of the observations may be increased

as thought desirable, although it is regarded as good practice to limit

the number of sightings to not over four or six in any one series.

Any of them may be reduced separately if desired to check against

an error in the reading of the angles. As each sighting is "centered"

on the star, the differences in the rate of travel in time, horizontal

angle, and vertical angle, will be uniform; these differences in the

readings may be checked quickly by slide-rule method.

It should be emphasized that none of the reduced altitude observa-

tions for azimuth, in terms of the indicated bearing of the reference

mark, standing alone as one observation, can be regarded as within

the attainable limit of accuracy of the 1-minute transit until duly

verified by a completely independent method, such as the Polaris

observation to check the altitude observation, or the altitude observa-

ion southeasterly balanced with one southwesterly.

101. An altitude observation of the sun for azimuth consists in the

simultaneous determination of the true vertical and horizontal angles

to the sun's center, the horizontal angle being referred to a fixed

point. With the true vertical angle to the sun's center, the declina-

tion of the sun, and the latitude of the station all known, one of the

following equations is entered and a calculation made of the azimuth

of the sun's center at the epoch of observation, as referred to the

true meridian; the relation between the sun's calculated azimuth and

the recorded angle to the sun's center gives the bearing of the refer-

ence point.

102. Altitude observation of the sun for azimuth.â��Reverse the signs

of "5" for south declinations:

Tfln u A= /cos K (r+0 + 8) sin % 0"+^)

* V cos % (r-*-5) sin % (r-*+Â«)

The spherical angles "f", "4>", and "d" appear in this equation

combined as in one formula for the reduction of an altitude obser-

vation of the sun for apparent time.

700004*â��47 9
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Under the Manual rules, a series of three altitude observations upon 
the sun, each with the telescope in direct and reversed position, are 
required. Each pair of direct and reversed sightings are combined 
and reduced as one observation. This will give three results for the 
indicated bearing of the reference mark. The separate results will 
vary somewhat, much the same as separate orientations of tho solar 
unit. When desired, in order to guard against error, or to check a 
discrepancy, any of the sightings may be reduced to the sun's center, 
and solved separately. 

For the stellar altitude observation four sightings are required, two 
each with the telescope in direct and reversed position, to be reduced 
as one observation. The number of the observations may be increased 
as thought desirable, although it is regarded as good practice to limit 
the number of sightings to not over four or six in anyone series . 
.Any of them may be reduced separately if desired to check against 
an error in the reading of the angles. As each sighting is "centered" 
on the star, the differences in the rate of travel in time, horizontal 
angle, and vertical angle, will be uniform; these differences in the 
readings may be checked quickly by slide-rule method. 

It should be emphasized that none of the reduced altitude observa
tions for azimuth, in terms of the indicated bearing of the reference 
mark, standing alone as one observation, can be regarded as within 
the attainable limit of accuracy of the I-minute transit until duly 
verified by a completely independent method, such as the Polaris 
observation to check the altitude observation, or the altitude observa
ion southeasterly balanced with one southwesterly. 

101. An altitude observation of the sun for azimuth consists in the 
simultaneous determination of the true vertical and horizontal angles 
to the sun's center, the horizontal angle being referred to a fixed 
point. With the true vertical angle to the sun's center, the declina
tion of the sun, and the latitude of the station all known, one of the 
following equations is entered and a calculation made of the azimuth 
of the sun's center at the epoch of observation, as referred to the 
true meridian; the relation between the sun's calculated azimuth and 
the recorded angle to the sun's center gives the bearing of the refer
ence point. 

102. Altitude observation of the sun for azimuth.-Reverse the signs 
of "0" for south declinations: 

Tan ~A= cos ~ (r+q,+6) sin ~ (r+q,-6) 
cos ~ cr.:-q,-o) sin ~ cr-q,+o) 

The spherical angles "l''', "q,", and "a" appear in this equation 
combined as in one formula for the reduction of an altitude obser
vation of the sun for apparent time. 
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103. Altitude observation of the sun for azimuth.â��For south decli-

nations the function "sin 5" becomes negative by virtue of the sine

of a negative angle being treated as negative in analytical reduc-

tions: If the algebraic sign of the result is positive the azimuth

"A" is referred to the north point, but if negative, the azimuth "A"

is referred to the south point:

Cos A= t r â��tan <f> tan A

C08 <f> COS ft

104. Altitude observation of the sun for azimuth.â��The following

equation is expressed directly in terms of the spherical triangle

"pole-zenith-sun:" Reverse the sign of "5" for south declinations:

Pole to zenith =90Â°â��<t>= colat.;

Pole to sun =90Â°â��5= coded.;

Zenith to sun =90Â°â��h= coalt.;

S= % sum of the three sides:

Cos % A= /smSsin(S-codecl.)

\ sin colat. sm coalt.

Observing Program, Morning

105. Thoroughly level the transit.

With the telescope in direct position observe and record the hori-

zontal angle from a fixed reference point to the sun's right limb,

and the vertical angle to the sun's upper limb; these observations

must be simultaneous, the sun will appear as indicated; note the

watch time at the moment of the observation: ^j-

Reverse the transit.

Observe and record the horizontal angle from the fixed reference

point to the sun's left limb, and the vertical angle to the sun's lower

limb; these observations must be simultaneous, the sun will appear

as indicated; note the watch time at the moment of the observation:

-f

The mean observed vertical and horizontal angles, and the mean

watch time are to be used in the reduction; this constitutes one

observation, which is repeated until a series of three direct and

reversed sightings are made.

Observing Program, Afternoon

106. In the afternoon the program is modified only as to the order

in which the sun's limbs are observed, which is as follows:

First observation, telescope direct, observe the sun's right and

lower limbs: <^\-

Second observation, telescope reversed, observe the sun's left and

upper limbs: -^
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103. Altitude observation of the sun for azimuth.-For south decli
nations the function "sin ~" becomes negative by virtue of the sine 
of a negative angle being t~eated as negative in analytical reduc
tions: If the algebraic sign of the result is positive the azimuth 
"A" is referred to the north point, but If negative, the azimuth "A" 
is referred to the south point: 

sin ~ 
COB A= t/J h -tan t/J tan If, cos COB 

104. Altitude obsertYltion of the sun for aZ'imuth.-The following 
equation is expressed directly in terms of the spherical triangle 
"pole-zenith-sun:" Reverse the sign of "8" for south declinations: 

Pole to zenith =900 -t/J= colat.; 
Pole to sun =90°-8= codecl.; 
Zenith to sun =900 -h= cosU.; 
s= ~ sum of the three sides: 

Cos ~ A= sin sin (8-codec . 
sin colat. sin coalt. 

Observing Program, Morning 

105. Thoroughly level the transit. 
With the telescope in direct position observe and record the hori

zontal angle from a fixed reference point to the sun's right limb, 
and the vertical angle to the sun's upper limb; these observations 
must be simultaneous, the sun will appear as indicated; note the 
watch time at the moment of the observation: d-

Reverse the transit. 
Observe and record the horizontal angle from the fixed reference 

point to the sun's left limb, and the vertical angle to the sun's lower 
limb; these observations must be simultaneous, the sun will appear 
as indicated; note the watch time at the moment of the observation: 
-P 

The mean observed vertical and horizontal angles, and the mean 
watch time are to be used in the reduction; this constitutes one 
observation, which is repeated until a series of three direct and 
reversed sightings are made. ' 

Observing Program, Afternoon 

106. In the afternoon the program is modified only as to the order 
in which the sun's limbs are observed, which is as follows: 

First observation, telescope direct, observe the sun's right and 
lower limbs: q... 

Second observation, telescope reversed, observe the sun's left and 
upper limbs: -b 
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107. By the above observing programs the horizontal and vertical

angles in the direct positions of the telescope will be found of about

the same numerical values as in the reversed position of the telescope,

by reason of the sun passing in a direction that will carry it across

the field of the telescope during the time taken in the reversal and

second setting. Differential refraction is therefore eliminated; it is

desirable that the corresponding angles in the direct and reversed

positions of the telescope be about the same rather than as far

apart as would result in any other observing plan.

The most suitable hour for this observation is when the sun is mov-

ing rapidly in altitude. Section 100. When the sun has been brought

into about the proper position in the field of the telescope the ob-

server by horizontal tangent motion on the plates keeps the vertical

wire tangent to the sun's right or left limb while the upper or lower

limb of the sun by the direction of its motion gradually approaches

the horizontal wire, at the moment of proper tangency of the two

limbs to the two wires the observation is completed by calling "time",

stopping all motion until the angles are recorded. It is very helpful

for an assistant to read the time and to enter all records.

The data for each altitude observation, resolved to the sun's center,

are obtained with minimum involvement through the steps that have

been outlined in the observing plan described above. This is recom-

mended until skill in the technique of the observing has been acquired.

After that has been accomplished, the period that is required for the

observing may be shortened by arranging the recording on the plan

shown below, the six sightings to be reduced as one observation.

The check against chance error in the readings is secured through

comparing the means A-B-C that are indicated, which should be about

the same numerically provided the time spacing is nearly uniform from

1 to 2, 2 to 3, 4 to 5, and 5 to 6. Any large discrepancy in the means

This order, A.M.

/

This order, P. M.

Tel.

\

\

Watch

Time

Hor. Ang.

Vert. Ang.

1

Dir.

Rev.

Upper-right

Lower-right

6

Lower-left

Mean

A

A

A

?

Dir.

Rev.

Upper-right

Lower-right

K

Lower-left

Upper-left

Mean

B

B

B

a

Dir.

Rev.

Upper-right

Lower-right

4

Lower-left

Upper-left,

Mean.

C

C

C

Mean of all

A-B-C

A-B-C

A-B-C
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107. By the above ohscrving programs the horizontal and vertical 
angles in the direct positions of the telescope will be found of about 
the same numerical values as in the reversed position of the telescope, 
by reason of the sun passing in a direction that will carry it across 
the field of the telescope during the time taken in the reversal and 
second setting. Differential refraction is therefore eliminated; it is 
desirable that the corresponding angles in the direct and reversed 
positions of the telescope be about the same rather than as far 
apart as would result in any other observing plan. 

The most suitable hour for this observation is when the sun is mov
ing ra.pidly in altitude. Section 100. When the sun has been brought 
into about the proper position in the field of the telescope the ob
server by horizontal tangent motion on the plates keeps the vertical 
wire tangent to the sun's right or left limb while the upper or lower 
limb of the sun by the direction of its motion gradually approaches 
the horizontal wire, at the moment of proper tangency of the two 
limbs to the two wires the observation is completed by calling "time", 
stopping all.motion until the angles are recorded. It is very helpful 
for an assistant to read the time and to enter all records. . 

The data for each altitude observation, resolved to the sun's center, 
are obtained with minimum involvement through the steps that have 
been outlined in the observing plan described above. This is recom
mended until skill in the technique of the observing has been acquired. 
After that has been accomplished, the period that is required for the 
observing may be shortened by arranging the recording on the plan 
shown below, the six sightings to be reduced as one observation. 
The check against chance error in the readings is secured through 
comparing the means A-B-C that are indicated, which should be about 
the same numerically provided the time spacing is nearly uniform from 
1 to 2, 2 to 3, 4 to 5, and 5 to 6. Any large discrepancy in the means 

This order, A. M. This order, P. M. 
Tel. Watch Hor. Ang. Vert. Ang. 7' , Time 

/ \, 

-
1 Dir. Upper-right _____ Lower-right _____ -------- -------- --------
6 Rev. Lower-left ______ Upper-lcft ______ -------- -------- --------

Mean ________ A A A 
2 Dir. U pper-right _____ Lower-right _____ -------- -------- --------
6 Rev. Lower-lefL _____ Upper-left ______ -------- -------- --------

:\1ean ________ B B B 
3 Dir. Upper-right _____ Lower-right _____ -------- -------- --------
4 Rev. Lower-Ieft ______ Upper-Ieft~ _____ -------- -------- --------

Mean ________ C C C 

Mean of alL ____ A-B-C A-B-C A-B-C 
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will indicate a misreading at some point. If the means are slightly

irregular, the differences from 1 to 2, 2 to 3, 4 to 5, and 5 to 6, which

should be proportional, may be checked by slide rule method.

An equivalent observing plan, thought by many engineers to be a

simpler tangent-motion manipulation, may be substituted if desired,

as follows:

Direct:

Direct:

A. M.

Approximate first setting:

Follow with vertical tangent motion:

Approximate first setting:

Follow with horizontal tangent motion:

P. M.

Approximate first setting:

Follow with vertical tangent motion:

(J

-C

T

_C

a

Approximate first setting:

Follow with horizontal tangent motion:

108. Example of direct altitude observation of the sun for azimuth

and time, sun north declination:

Transcribed field notes

August 4, 1944, at a point 35 Iks. south of the cor. of Tps. 7 and 8 N., Rs. 1

and 2 E., Salt Lake Meridian, Utah, in latitude 41Â°22'40" N., and longitude

111Â°46'40" W., at 9h17,n a. m., 1. m. t., in order to verify the alinement of my

random south boundary of sec. 31, T. 8 N., R. 2 E. (S. 89Â°59' W.), and to deter-

mine the correct local mean time, I make a series of three altitude observations of

the sun for azimuth and time, each with the telescope in direct and reverse posi-

tions, observing opposite limbs of the sun, and reading the horizontal angle from a

flag on my line to the east, southward to the sun. My watch carries approximate

local mean time.
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will indicate a misreading at some point. If the means are slightly 
irregular, the differences from 1 to 2, 2 to 3, 4 to 5, and 5 to 6, which 
should be proportional, may be checked by slide rule method. 

An equivalent observing plan, thought by many engineers to be a 
simpler tangent-motion manipulation, may be substituted if desired, 
as follows: 

A. M. 

Directs ApproxImate Arst setting: 

R ... ".d. / 

Follow with vertical tangent motion: 

Approximate first setting: 

Follow with horizontal tangent motion: 

P. M. 

Direct: Approximate first setting: 

R.v.".d, \ 

Follow with vertical tangent motion: 

Approximate fir~t setting: 

Follow with horizontal tangent motion: 

108. Example of direct altitude observation of the Slln for azimuth 
and time, sun north declination: 

Transcribed field notes 

August 4, 1944, at a point 35 lks. south of the cor. of Tps. 7 and 8 N., Rs. 1 
and 2 E., Salt Lake Meridian, Utah, in latitude 41°22'40" N., and longitude 
111°46'40" W., at 9b 17m a. m., 1. m. t., in order to verify the alinement of my 
random south boundary of sec. 31, T. 8 N., R. 2 E. (8.89°59' W.), and to deter
mine the correct local mean time, I make a series of three altitude observations of 
the sun for azimuth and time, each with the telescope in direct and reverse posi
tions, observing opposite limbs of the sun, and reading the horizontal angle from a 
flag on my line to the east, southward to the sun. My watch carries approximate 
local mean time. 
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Observa-

tion

Telescope

Sun

Watch time

Vertical atigle

Horizontal angle,

nag to sun

1st setâ��-

Direct-

I

u~Ja

9"

9

15"

15

05"

59

46Â°

46

34'

00"

00

21Â° 00' 00"

20 29 00

Reversed

10

Mean

0*

15â�¢

32-

46Â°

22'

00"

20Â° 44' 30"

2d set

Reversed

"C~

h

9h

9

17">

17

02"

36

46Â°

46

54'

26

00"

00

21Â° 28' 00"

20 49 00

Mean

9h

17Â°

19-

46Â°

40'

00"

21Â° 08' 30"

3d set-

Direct .

('

o

9h

9

18-Â°

19

41-

20

47Â°

46

12'

45

00"

00

21Â° 52' 00"

21 16 00

Reversed

Mean

9h

19"

00'

46Â°

58'

30"

21Â° 34' 00"

By 1st obsn. flag bears

By 2nd obsn. flag bears

By 3rd obsn. flag bears

Mean true bearing of flag

Watch slow of 1. m. t., 1st obsn.

Â« Â« u Â« 2nd "

II â� â�¢ a a 3rd II

N

89Â°59'10" E

N

89 59 23

E.

N

89 59 08

E.

N

89Â°59'14" E

25-

20

25

Mean watch time slow of 1. m. t. =23'

Field record

The declination of the sun for the mean period of the three observations is

17Â°09'30" N.

The following reductions are made to obtain the true vertical angles of the above

observations:

1st obsn.

2nd obsn.

3rd obsn.

V

46Â°22'00"

-55"

+ 06"

46Â°40'00"

-55"

+ 06"

46Â°58'30"

Refraction

-54"

Parallax

+ 06"

h

46Â°21'11"

46Â°39'11"

46Â°57'42"

108
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Observa- Telescope Bun I tion 

1st set ___ Direct _____ d---p1 

Reversed ___ 

Mean ____ -----------
2d set ___ DirecL ___ ~ -d---p Reversed ___ 

Mean ____ -----------
3d set ___ Direct _____ -d---p Reversed ___ 

Mean ____ -----------

By 1st obsn. flag bears . 
By 2nd obsn. flag bears 
By Srd obsn. flag bears 

Mean true bearing of flag 
Watch slow of 1. m. t., 1st obsn. 

II II II II 2nd II ., " " II 3rd II 

Watch time Vertical atlgle 

9b 

9 

9b 

9b 

9 

9b 

9b 

9 

9b 

15m 0,')- 46° 34' 00" 
15 59 46 10 00 

15m 32" I 46° 22' ~O'' 

17m 02" 46° 54' 00" 
17 36 46 26 00 

17m 19" 46° 40' ~O'' 

18m 41" 47° 12' 00" 
19 20 46 45 00 

19m DO" 46° 58' 30" 

N. 89° 59' 10" E. 
N.89 5923 E. 
N. 89 5908 E. 

N. 89°59'14" E. 
=25" 
=20 
-25 

Mean watch time slow of 1. m. t. = 23" 

Field record 

125 

Horizontal angle. 
fiagtosun 

21 ° 00' 00" 
20 29 00 

20° 44' 3D" 

21 ° 28' DO" 
20 49 00 

21° 08' 3~'' 

I 
21° 52' 00" 
21 16 00 

I 21° 34' 00" 

The declination of the sun for' the mean period of the three observations is 
17°09'30" N. 

The following reductions are made to obtain the true vertical angles of the above 
observations: 

1st obsn. 2nd obsn. 3rd obsn. 

,--------------------------- 46°22'00" 46°40'00" 46°58'30" 
Refraction ___________________ -55" -55" -54" Par.allax _____________________ +06" +06" +06" 
h ___________________________ 

46°21'11" 46°39'11" 46°57'42" 
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The following examples of reduction are all by the equation:

sin S

Cos A= â��- râ��tan <t> tan A

cos <f> cos ft

1st set:

log cos * 9. 875274

log cos h 9. 838983

log 9.714257

2d set:

log cos <t> 9. 875274

log cos h 9. 836586

log 9.711860

3d set:

log cos 4> 9. 875274

log cos h 9. 834095

log 9. 709369

log sin S 9. 469812

log 9. 714257

log tan <j> 9. 944941

log tan h 0. 020520

log 9. 755585

nat+ . 50902

log 9.965461

natâ�� . 92356

nat+ . 56962

Cos .4- .35393

True bearing of sun S.69Â°16'20" E.

Angle, flag to sun +20Â°44'30"

S.90Â°00'50" E.

True bearing of flag N.89Â°59'10" E.

log sin S 9. 469842

log 9.711800

log tan <t> 9. 944941

log tan h 0. 025074

log 9. 757982

nat+ .57277

log 9.970015

natâ�� . 93328

nat+ . 57277

Cos A . 36051

True bearing of sun S.68Â°52'07" E.

Angle, flag to sun +21Â°08'30"

S.90"00'37" E.

True bearing of flag N.89Â°59'23" E.

log sin S 9. 469842

log 9.709369

log tan <t> 9. 944941

log tan h 0. 029762

log 9. 760473

nat+ .57007

log 9.974703

natâ�� . 94342

nat+ . 57607

Cos A- . 36735

True bearing of sun S.68Â°26'52" E.

Angle, flag to sun +21Â°34'00"

S.90Â°00'52" E

True bearing of flag N.89Â°59'08" E.

The above observations are reduced for time by the equation:
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The following examples of reduction are all by the equation: 

sin a 
Cos A= <I> h -tan <I> tan h 

1st set: 
log cos '" 9. 875274 
log COB h 9. 838983 

log 9. 714257 

2d set: 

log cos '" 9. 875274 
log cos h 9. 836586 

log 9.711860 

3d 8('t: 

log cos '" 9. 875274 
log cos h 9. 834095 

log 9. 709369 

cos cos 

log sin ~ 9. 4G9R·12 log tan '" 9.944941 
log tan h O. 020520 

log 9. 714257 log 9. 965461 

log 9. 7555R5 nat- .92355 
nat+ . 5()9()2 nat+ .56962 

Cos A - . 35393 
True bearing of sun 8.69° Hi'20" E. 
Angle, flag to sun +20°44'30" 

8.90°00' 50" E. 
True bearing of flag N .89° 59'10" E. 

log sin 8 9. 409842 log tan '" 9. 944941 
log tan h O. 025074 

---
log 9. 711R()0 log 9. 970015 

log 9. 757982 nat- .93328 
nat+ .57277 nat+ .57277 

Cos A .36051 
True bearing of sun 8.68°52'07" E. 
Angle, flag to sun + 21 °08' 30" 

8.90°00'37" E. 
True hearing of flag N.89°59'23" E. 

log sin ~ 9. 469842 log tan '" 9. 944941 
log tan h O. 029762 

log 9. 709369 log 9. 974703 

log 9. 760473 nat- .94342 
nat+ .57607 nat+ .57607 

Cos A - . 36735 
True bearing of sun 8.68°26'52" E. 
Angle, flag to Bun +21°34'00" 

8.90°00' 52" E. 
True bearing of flag N.89°59'08" E. 

The above observations are reduced for time by the equation: 
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1st obsn.

log COS <f>

log COS 8

Cos t= : ,â��tan <f> tan S

cos <f> cos 5

=9.875274

= 9.980228

9.855502

log sin h =9.859503

log

nat (+)

9.855502

=0.004001

= 1.00925

.27199

log tan $

log tan S

log

nat (â��)

=9.944941

= 9.489614

= 9.434455

. .27199

cos t

Â«=42o30'05" = 2>>50'"'00â� 

Equation of time

L.m.t. of observation

= .73726

= 9h10â� I'00â�  a. m.

= +5 57

= 9h15m57' a. m.

Watch time of observation = 9 15 32 a. m.

Watch slow of l.m.t. = 25'

2d obsn.:

log sin h

log cos <t> cos $

log

nat (+)

nat tan <t> tan 6 (â��)

cos t

t=42Â°04'23"=2ll48m18' =

Equation of time Â«

L.m.t. of observation >

Watch time of observation'

Watch slow of l.m.t. >

=9.861660

= 9.855502

= 0.006158

= 1.01428

= .27199

= .74229

= 9bllm42Â»a. m.

= +5 57

= 9h17-39'a. m.

= 9 17 39 a. m.

20-

3d obsn.

log sin h

log cos <j> cos &

log

nat (+)

nat tan <j> tan S (â��)

cos t

t=41Â°37'54" = 2''46'Â»32'

Equation of time

L.m.t. of observation

= 9.863856

= 9.855502

= 0.008354

= 1.01942

= .27199

= .74743

= 9h13"28"a. m.

= +5 57

= 9h19m25Â» a. m.

Watch time of observation = 9 19 00 a.m.

Watch slow of local mean time = 25'

Example of similar direct altitude observation of the sun for azimuth

and time, sun south declination: Manual Appendix II.
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Cos t sin h 
4> ~ -tan 4> tan «1 cos cos 

1st obsn.: 
log C08 tI> =9.875274 
log C08' =9.980228 

log sin h =9.859503 

9.855502 9.855502 

log =0.004001 
nat (+) = 1.00925 

.27199 

cos t = .73726 
I=42°30'05"=2h5OmOO" =9hl0m OO" a. m. 

..... Equation of time = +5 57 

2d obsn.: 

3d obsn.: 

L.m.t. of observation =9hI5m 57" a. m. 
Watch time of observation=9 15 32 a. m. 

Watch slow of l.m. t. 

log sin h =9.861660 
log cos tI> cos IS =9.855502 

log 
nat (+) 

nat tan tI> tan IS (-) 

cos t 
1= 42°04 '23" = 2h48m IS" 
Equation of time 

=0.006158 
=1.01428 
= .27199 

= .74229 
=9h llm 42" a. m. 
= +5 57 

L.m.t. of observation =9 b I7m 39" a. m. 
Watch time of observation = 9 17 39 a. m. 

Watch slow of l.m.t. 20" 

log sin h =9.863856 
log cos tI> cos & =9.855502 

log 
nat (+) 

nat tan ~ tan IS (-) 

cos t 
'-41 °37'54" =2h46m 32" 
Equation of time 

=0.008354 
=1.01942 
= .27199 

= .74743 
=9h I3m 28" a. m. 
= +5 57 

L.m.t. of observation =9 b I9m 25" a. m. 
Watch time of observation = 9 19 00 a. m. 

Watch slow of local mean time= 25" 

log tan tI> 
log tan IS 

log 

nat (-) 

127 

=9.944941 
=9.489614 

=9.434455 

- .27199 

Example of similar direct altitude observation of the sun for azimuth 
and time, sun south declination: Manual Appendix II. 
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109. The first set of the above series is selected for an example of

reduction by the equation:

Cos)Â£A

/sin S s

V sin cc

in (Sâ�� coded.)

>lat. sin coalt.

(90Â°

(90Â°

(90Â°

-<t) 90Â°-

-i) 90Â°-

-h) 90Â°-

â� 41Â°22'40" =

â�¢17Â°09'30" =

-46Â°21'11"=

48Â°37'20" = colat.

72Â°50'30"=coded

43Â°38'49"=coalt.

2 5=

165Â°06'39"

82Â°33'20"

72Â°50'30"

coded. =

<S-codecl.= 9Â°42'50"

log sin S 9.996324

log sin (S-codecl.) 9.227188

log 9.223512

log sin colat. 9.875274

log sin coalt. 9.838983

log 9.714257 9.714257

log cos2 % A 9.509255

log cos % A 9.754628

H A 55Â°21'49"

A N. 110Â°43'38" E.

True bearing of sun S. 69Â°16'22" E.

Angle, flag to sun +20Â°44'30"

S. 90Â°00'52"E.

True bearing of flag N. 89Â°59'08" E.

Example of similar reduction by the same equation, sun south

declination: Manual Appendix II.

110. The first set of the above series is again selected for an example

of reduction by the equation:

Tnn U A= /^?ii(f+* + Â«) sin ^ (f+*-Â«)

A V cos X (r-*-Â«) sm % (f-<H-Â«)

90Â°00'00"

h= 46Â°21'11"

f= 43Â°38'49" f= 43Â°3S'49"

$= 41Â°22'40" 0= 41Â°22'40"

f + <>= 85Â°01'29" f-0 = - 2Â°1<>,09"

8= 17Â°09'30" Â«= 17Â°09'30"

f+tÂ»+Â«=102Â°10'59" f-* + 5= 19Â°25'39"

H(r+*+Â«)= 51Â°05'30" H(f-<*> + o) = 9Â°42'50"
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109. The first set of the above series is selected for an example of 
reduction by the equation: 

Cos ~ A= Is~ S sin (S-:-codechl 
-V sm colat. sm coalt. 

(900 -q,) 90°-41°22'40"= 48°37'20" = col at. 
(90° -15) 90° -17°09'30" oc:; 72°50'30" =codccl. 
(90°-h) 900 -46°21'11"oc:; 43°38'49"=coalt. 

log sin S 

2 8=165°06'39" 
8= 82°33'20" 

codecl.= 72°50'30" 

S-codccl.= 

log sin (S-codecl.) 

9°42'50" 
9.996324 
9.227188 

log 9.223512 
log sin colat. 9.875274 
log sin coalt. 9.838983 

log 9.714257 9.714257 

log cos2 ~ A 9.509255 
log cos ~~ A 9.754628 

~,~ A 55°21'49" 
A N. 110°43'38" E. 

True bearing of sun S. 69°16'22" E. 
Angle, flag to sun +20°44'30" 

S. ~)Q°OO' 52" E. 
True bearing of Bag N. 89°59'08" E. 

Example of similar reduction by the same equation, sun BOuth 
declination: Manual Appendix II. 

110. The first set of the above series is again selected for an example 
of reduction by the equation: 

109 

Tan ~ A= ~sll~t+¢_-t§)_s~~ ~f (r+¢--=~2 "cos ~ (t-<I>-~) sin }2 (~-<I>+~) 

90°00'00" 
h= 46°21'11" 

t= 43°38'49" 
q,= 41 °22' 40" 

t+ q,= 85°01'29" 
15= 17°09'30" 

t+q,+c5= 102°10'59" 
~(r+ q,+c5) = 51°05'30" 

19 ize b 

t= 43°3W49" 
q,= 41°22'.10" 

t-q,=~ 2°](;'09" 
lF~ 170 m)' ;j0" 

t-q,+c5= 19°2.')'39" 
3Ht-q,+c5)= 9°42'50" 
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t+4>= 85Â°01'29"

Â«= 17Â°09'30"

f-*= 2Â°16'09"

t= 17c09'30"

j-+^-a= 67Â°51'S9"

H(f+â�¦-Â«)Â« 33Â°56'00"

log cos }4(r+*+Â«)

log sin tf (f+<Â£-Â«)

log cos H(r-*-Â») 9.996324

logeinH(r-*+Â«) 9.227188

}â� -<*,-Â«=-14Â°53'21"

#({â��*-*) = -7Â°26'41"

9.798012

9.746812

9.544824

9.223512

9.223512

log tan 2 # A

0.321312

log tan }$ ^4

0.160656

HA

55Â°21'50"

A

N

110Â°43'40" E.

True bearing of sun

S.

69Â°16'20" E.

Angle, flag to sun

+ 20Â°44'30"

True bearing of flag

N.

89Â°59'10" E.

Example of similar reduction by the same equation, sun south

declination: Manual Appendix II.

111. The first set of the above series is likewise selected for an

example for the computation for time by the equation:

TanVt- /sin K (f+4>-a)

sin ){ (f-<J>+5)

ian/i' VcosK(r+*+S)

cos % (f-</>-5)

log sin H(f+*-*)

9. 746812

log sin #($â�¢-*+Â«)

9. 227188

log cos H(r+*+Â«) 9- 798012

8. 974000

log cos H(r-*-i) 9. 996324

9. 794336

9. 794336

log tan" % i

9. 179664

log tan Yi I

9. 589832

ft t 21Â°15'03'

t 42Â°30'06'

' = 2h50Â°>00'

Apparent time of observation

= 9M0m00,a.m.

Equation of time

= +5 57

L.m.t. of observation

= 9b15m57,a.m.

Watch time of observation

= 9 15 32 a.m.

Watch slow of local mean time = 25'

Example of similar reduction by the same equation, sun south

declination: Manual Appendix II.

Ill

INSTRUMENTS AND METHODS 

l'+cb= 85°01'29" 
&= 17°09'30" 

r+.-I- 67°51'59" 
~<r+~-&) = 33°56'00" 

log C08 ~<r+cII+a) 
log sin ~<r+4»-4) 

log cos ~(r-4»-I) 9.996324 
log sin ~<r-cII+&) 9.227188 

9.223512 

log tan:l ~ A 
log tan ~~ A 

~A 
A 

True bearing of sun 
Angle, flag to SUD 

l'-cb= 2°16'09" 
&= 17°09'30" 

r-tf,-~= -14°53'21" 
~<r-cb-4) = -7°26'41" 

9.798013 
9.746812 

9.544824 

9.223612 

0.321312 
0.160656 

55°21'50" 
N. Il0043'40" E. 
S. 69°16'20" E. 

+20°44'30" 

True bearing of flag N. 89°59'10" E. 
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Example of similar reduction by the Bame equation, sun south 
declination: Manual Appendix II. 

111. The first set of the above series is likewise selected for an 
example for the computation for time by the equation: 

Tan ~ t= sin ~ (r+4>-c5) sin ~ (r-4>+c5) 
cos * (t+cP+c5) cos ~ (t-cP-c5) 

log sin ~(r+4»-I) 
log sin ~(r-4»+4) 

log cos ~(l'+cb+cJ) 
log cos ~(l'-cII-&) 

9.798012 
9. 996324 

9. 746812 
9.227188 

8. 974000 

~794336 ~794336 

log tan' ~ t 9. 179664 
log tan ~ t 9. 589832 

~ t 21°15'03" 
t 42°30'06" = 2b 5()m00· 

Apparent time of observation =9b l()m00"a.m. 
Equation of time = + 5 57 

L.m.t. of observation =9 b I5m 57"a.m. 
Watch time of observation =9 15 32 a.m. 

Watch slow of local mean time = 25· 

Example of similar reduction by the same equation, sun south 
declination: .Manual Appendix II. 
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The Solar Circle

112. The design of the reticle of the transit telescope to include a

circle that is equal to the image of the sun's diameter adds a desirable

improvement to the technique of the altitude observation for azimuth.

There are two advantages, first, all sightings for vertical angle and

horizontal angle read to the sun's center; second, the manipulation of

the vertical and horizontal tangent-motions to the position of con-

centric fitting of the circle to the sun's image may be accomplished with

utmost certainty that the values for the vertical and horizontal angles

are exactly simultaneous. Any single sighting may be reduced sepa-

rately, if desired; or, in the event of a suspected misreading of an angle,

the differences between the several sightings, in travel time, vertical

angle, and horizontal angle, which should be proportional, may be

quickly checked by slide rule method, to make certain which reading,

if any, shows a discrepancy in excess of what should be expected in

good observing.

The solar circle has a radius of 15'45"; this is spaced for the sun's

semidiameter on July 1, which is the approximate minimum for the

year.

The design of the reticle provides for stadia observations by using

both the vertical and horizontal rod, on the ratio of 1:132; this is ex-

plained in sections 33 and 34.

The double cross-wires in the left and in the lower halves (direct

position of the telescope) are spaced at 40"; this is to improve the

daylight stellar observation. The double lines avoid the covering

of the star by the cross wire (which may easily obscure the star). The

centering and the manipulation of the tangent motions is indicated in

the following diagrams:
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The Solar Circle 

112. The design of the reticle of the transit telescope to include a 
circle that is equal to the image of the sun's diameter adds a desirable 
improvement to the technique of the altitude observation for azimuth. 
There are two advantages, first, all sightings for vertical angle and 
horizontal angle read to the sun's center; second, tho manipulation of 
the vertical and horizontal tangent-motions to the position of con
centric fitting of the circle to the sun's imng<' may be accomplished with 
utmost certainty that tho values for the vertical and horizontal angles 
aro exactly simultaneous. .Any single sighting may be reduced sepa
rately, if desired; or, in the event of a sURpected misreading of an angle, 
the differences between the several sightings, in travel time, vertical 
angle, and horizontal angle, whic.h should be proportional, may be 
quickly checked by slide rule method, to make certain which reading, 
if any, shows a discrepancy in excess of what should be expected in 
good observing. 

The solar circle has a radius of 15'45"; this is spaced for the sun's 
semidiameter on July 1, which is the approximate minimum for the 
year. 

The design of the reticle provides for stadia observations by using 
both the vertic.al and horizontal rod, on the ratio of 1:132; this is ex
plained in sections 33 and 34. 

The double cross-wires in the left and in the lower halves (direct 
position of the telescope) are spaced at 40"; this is to improve the 
daylight stellar observation. The douhle lines avoid tho covering 
of the star by the cross wire (which may easily obscure the star). The 
centering and the manipulation of the tangent motions is indicated in 
the following diagrams: 
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Direct

Reversed

1

L

Follow star with vertical

tangent motion

Both tangent motions required. Center in

one position, and back-up to follow star

while bringing to center in the second

position

=1

L

sw

Star

H

7

Follow star with horizontal tangent motion.

Follow starwith vertical

tangent motion

The practices and other comments with respect to the reticle of

the above design are referred to in sections 33, 34, 41, 77, 100, and

Manual Appendix II, section 78, model C.

Example of direct altitude observation of the sun for azimuth,

using transit equipped with solar circle:

Transcribed field notes

June 15, 1945, at observation station No. 1, a cross in the sidewalk on the south

side of C Street, opposite the south entrance to the Interior Building, Washington,

D. C, in latitude 38Â°53'30Â» N., and longitude 77Â°02' W., elevation above sea

level 10 feet, and temperature 70Â° F., at 8h15m a. m., apparent time, I make a

series of altitude observations of the sun for azimuth, making six observations,

three each with the telescope in direct and reversed positions, observing simul-

taneously the vertical angle to the sun's center and the horizontal angle from the

tip of the Washington Monument, approximately 40 chains southeasterly, to the

left to the sun:

Horizontal

angle,

Observation

Telescope

Apparent

time

Vertical

angle

monument

to sun

1

Direct

bh13Â»25>...

39Â°57'0O"..

34Â°38'00"

2 .

40Â°02'00"..

40Â°07'00"-_

40Â°20'30"-

40Â°2S'30"â��

40Â°32'0O"..

34Â°33'00"

3

34Â°29'00'

4.

34Â°18'00"

g

34Â°14'00"

0

8 16 25...

34Â°09'00"

Mean

8M4-55"

By 1st obsn. monument bears..

By 2nd obsn. monument bears.

By 3rd obsn. monument bears .

By 4th obsn. monument bears.

By 5th obsn. monument bears.

By 6th obsn. monument bears.

Mean ..

S. 54Â°40'06" E.

S. 54Â°41'01" E.

S. 54Â°40'56" E.

S. 54Â°40'50" E.

S. 54Â°40'43" E.

S. 54Â°40'22" E.

S. 54Â°40'40" E.
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Reversed 

. ":c= 1 
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Follow star with vertical 
tangent motion 

Both tangent motions required. Center In 
one pos'ition, and back-up to follow star 
while bringing to cent.r In the •• cond 
position 

it- \sw 
Slor\ ~-1-

. 
Follow star with vertical 
tangent motion 

Follow star with horizontal tangent motion. 

The practices and other comments with respect to the reticle of 
the above design are referred to in sections 33, 34,41,77, 100, and 
Manual Appendix II, section 78, model C. 

Example of direct altitude observation of the sun for azimuth, 
using transit equipped with solar circle: 

Transcribed field notes 
June 15, 1945, at observation station No.1, a cross in the sidewalk on the south 

side of C Street, opposite the south entrance to the Interior Building, Washington, 
D. C., in latitude 38°53'30. N., and longitude 77°02' W., elevation above sea 
level 10 feet, and temperature 70° F., at 8h I5m a. m., apparent time, I make a 
series of altitude observations of the sun for azimuth, making six observations, 
three each with the telescope in direct and reversed positions, observing simul
taneously the vertical angle to the sun's center and the horizontal angle from the 
tip of the Washington Monument, approximately 40 chains southeaaterly, to the 
left to the sun: 

Horizontal 
Observation Telescope Apparent Vertloal angle, 

time angle monument 
to sun 

L _______________________ .____ Dlrect___________ __ ____ ____ __ __ ______ bb13m 250___ 39°57'00" __ 
2____________________________ _ Dircct.______ ______ __________________ ___ _ ____ ____ 40°02'00" __ 
3_____________________________ Dil ('ct.____ __ ________________ _______ _ ____ _ _ ______ 40°07'00" __ 
L____________________________ Hevcrsed________ ______ ____ __________ ______ ______ 40°20'30" __ 
6_________________________ ____ Reverspd______ _____________ _ ________ _ _ _ _ _ _ _ _ _ _ _ _ 40°2[,'30" __ 
6 _____________________________ Reversed ____________________________ 8 16 25 ___ 40°32'00" __ 

Mean ________________________________________________________ 8b I4 m 550 __________________________ _ 

By 1st obsn. monument bears __________________ S. 54°40'06" E. 
By 2nd obsn. monument bears _________________ S. 54°41'01" E. 
By 3rd obsn. monument bears _________________ S. 54°40'56" E. 
By 4th obsn. monument bears __________________ S. 54°40'50" E. 
By 5th obsn. monument bears __________________ S. 54°40'43" E. 
By 6th obsn. monument beal's __________________ S. 54°40'22" E. 

Mean _________________________________ S. 54°40'40" E. 
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June 20, 1945, at the same station, in temperature 70Â° F., at 3k42Â» p. m.,

apparent time, I repeat the above observation, observing the horizontal angle

from the tip of the Washington Monument to the right to the sun:

Observation

Telescope

Apparent

time

Vertical

Horlzontal

angle,

angle

monument

to sun

l

-

Direct

zww...

40Â°59'00"..

40Â°52'30"..

40Â°45'00"..

4OÂ°13'0O"..

40Â°C3'30"..

39Â°27'00"-

143Â°20'30"

2 _

Direct

143Â°26'00"

3

Direct

143Â°32'00"

4 _

143Â°57'00"

6 â��

3 50 26...

144Â°34'00"

3h46n>2""_-_

By lstobsn. monument bears S. 54Â°41'09" E.

By 2nd obsn. monument bears S. 54Â°41'17" E.

By 3rd obsn. monument bears S. 54Â°41'05" E.

By 4th obsn. monument bears. S. 54Â°39'48" E.

By 5th obsn. monument bears S. 54Â°41'03" E.

By 6th obsn. monument bears S. 54Â°39'24" E.

Mean __ S. 54Â°40'40" E.

Mean of June 15, a. m. obsn _ S. 54Â°40'40" E.

True bearing of monument S. 54o40'40" E.

Observation No. 6, p.m., delayed by a passing cloud.

113. The observations for time, latitude, and azimuth may be

combined and each value verified by arranging one complete and well

balanced stellar observing program. This should include: (1) the

meridian passage of one star for time and latitude; (2) Polaris for

azimuth and latitude; and, (3) two well placed stars in the equatorial

belt, one easterly and one westerly, both for azimuth, and one or both

for time. The program will require from 2 to 4 hours, late afternoon,

twilight, and possibly some observing by ulumination, mostly depend-

ing upon the conditions for visibility, and the positions of the two

equatorial-azimuth stars for well-balanced pole-zenith-star triangles.

The program is designed for the refinements in all detail, including

compensation for the uncertainties of vertical angle readings, and for

the verification of all results.

It is essential that the observing program be carried through with

the same instrument as the underlying principle is to secure a compensa-

tion for residual discrepancies in the transit adjustments, including any

small uncertain factors of eccentricity in the mounting of the vertical

circle.

It is unnecessary that the observing be carried through as one

program the same day, as at sunrise or sunset, excepting that at least

112
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June 20, 1945, at the same station, in temperature 70° F., at 3'42- p. m., 
apparent time, I repeat the above observation, observing the horizontal angle 
from the tip of the Washington Monument to the right to the sun: 

Horizontal 
Obllervatlon Telescope Apparent Vertical angle, 

time angle monument 
tasUD 

1. ••••••• _ ••• : •••.•...•...... _ DIl'E'ct __ •• _____ •••• __ _ __ _ __ __ _ __ _____ 3h42mJOo.__ 40"159'00"._ 143"20'30" 
2_ •• _ ••• ___ •••••••••• __ _ _ _ ___ _ Dlrect __ • ___ •••• ____________________________ ••••• 40°112'30"__ 143°26'00" 
3 •••••••••••••• ___ ••• _ ••••• _ _ _ Dlrect_._. __ •••••• _. _______ • ___________ ••••••••• _ 40°45'00"__ 143°32'00" 
,_ ••••••••••••• _______ ••••• __ _ Reversed ____ ._ •• __________________ •• ____ • __ •••• _ 40°13'00"_ _ 143°57'00" 
6_ ••••••••••••• _____ ____ _____ _ Reversed ____ ••••• _________________ •• _________ .__ 40°('3'30"_ _ 144°05'00" 
6._._ •• _ ••••• _. _____ •••• ______ Reversed. _____ • _____________________ 350 25 ___ 39°27'00"__ 144°M'00" 

Mean ____ ••• _. ___ ._ ••• ___ •••• __ •• _____________________________ 31>468127°. ___ •• ___ •••• __ ._ •••• _ ••• __ 

By 1st obsn. monument bears __________________ S. 54°41'09" E. 
By 2nd obsn. monument bears _________________ S. 54°41'17" E. 
By 3rd obsn. monument bears __________________ S. 54°41'05" E. 
By 4th obsn. monument bears __________________ S. 54°39'48" E. 
By 5th obsn. monument bears __________________ S. 54°41'03" E. 
By 6th obsn. monument bears __________________ S. 54°39'24" E. 

Mean _________________________________ S. 54°40'40" E. 
Mean of June IS, a. m. obsn ___________________ S. 54°40'40" E. 

True bearing of monumenL ______________ S. 54°40'40" E. 

Observation No.6, p.m., delayed by a passing cloud. 

113. The observations for time, latitude, and azimuth may be 
combined and each value verified by arranging one complete and well 
balanced stellar observing program. This should include: (l) the 
meridian passage of one star for time and latitude; (2) Polaris for 
azimuth and latitude; and, (3) two well placed stars in the equatorial 
belt, one easterly and one westerly, both for azimuth, and one or both 
for time. The program will require from 2 to 4 hours, late afternoon, 
twilight, and possibly some observing by illumination, mostly depend
ing upon tho conditions for visibility, and the positions of the two 
equatorial-azimuth stars for well-balanced pole-zenith-star triangles. 
The program is designed for the refincmcnts in all detail, including 
compensation for the uncertainties of vertical angle readings, and for 
the verification of all results. 

It is essential that the observing program be carried through with 
the same instrument as the underlying principle is to secure a compensa
tion for residual discrepancies in the transit adjustments, including any 
small uncertain factors of eccentricity in the mounting of the vertical 
circle. 

It is unnecessary that the observing be carried through as one 
program the same day, as at sunrise or sunsetJ e.ltcepting that at least 
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one time determination should be coupled with the Polaris observation.

The remainder may be accomplished at the most convenient times for

the observing over a period of several days if desired, but especially

that the program, when needed in order to accomplish these refine-

ments, be carried through at the camp meridian with completeness in

all respects as promptly as can be consistent with due attention to

other necessary work incident to making progress on the survey.

The points to be kept in mind with this program are the balancing

conditions in vertical angle determinations; to make certain that the

test meridian in camp may be relied upon for accuracy; that the lati-

tude of the station has been duly verified; and, that if there may be

some small factor of eccentricity in the mounting of the vertical circle,

that this is not to be disregarded in the use and performance of the

instrument.

An example of one complete stellar program is set out below, in-

cluding the data for the observation for the first (easterly) star. The

data for the second (westerly) star will be carried to section 114; the

Polaris observation, and summary for azimuth, section 115; the

equatorial star at meridian passage, and summary for time and lati-

tude, section 116.

Transcribed field notes

May 31, 1945, at the testing station, "Troy Cabin," situated on State Highway

No. 2, 6 miles east of Troy, N. Y., and 54 mile east of the village of Eagle Mills;

in latitude 42Â°44'03" N. and longitude 73Â°35'15r' W.; these values as scaled from

the U. S. Geological Survey topographic map, "Troy" quadrangle.

I prepare for one complete Btellar observing program. The horizontal angles

were turned from a temporary meridian marker, placed at a distance of 24.08

chains north. The mean of a number of previous observations for azimuth indi-

cated that the temporary marker had a bearing of N. 00Â°00'50" E. By observa-

tion on the sun at apparent noon today my watch was found to be 0m24' slow of

local mean time.

The following observing program was carried through prior to setting a per-

manent marker in the true meridian:

For finding position

Star

Approx.

1. m. t., p. m.

Direction of sight

Vertical

angle

No. 19/35 a Bootis (Arcturus) 0.2

5h16m

S. 88Â°27' E.

31Â°07'

Â«= + 19Â°28'06"

No. 13/20/9 Geminorum (Pollux) 1.2...

7 18

N. 84Â°20' W.

37Â°39'

Â«=+28Â°09'42"

No. 4/ 6 a Urs. Min. (Polaris) 2.2

7 30

N. 00Â°32' W.

41Â°48'

Â«=+89Â°00'00"

Sunset

No. 17/33 a Virginis (Spica) 1.2

8 45

South

36Â°23'

Â«=-10Â°52'36"
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one time determination should be coupled with the Polaris observation. 
The remainder may be accomplished at the most convenient times for 
the observing over a period of several days if desired, but especially 
that the program, when needed in order to accomplish these refine
ments, be carried through at the camp meridian with completeness in 
all respects as promptly as can be consistent with due attention to 
other necessary work incident to making progress on the survey. 

The points to be kept in mind with this program are the balancing 
conditions in vertical angle determinations; to make certain that the 
test meridian in camp may be relied upon for accuracy; that the lati
tude of the station has been duly verified; and, that if there may be 
some small factor of eccentricity in the mounting of the vertical circle, 
that this is not to be disregarded in the use and performance of the 
instrument. 

An example of one complete stellar program is set out below, in
cluding the data for the observation for the first (easterly) star. The 
data for the second (westerly) star will be carried to section 114; the 
Polaris observation, and summary for azimuth, section 115; the 
equatorial star at meridian passage, and summary for time and lati
tude, section 116. 

Transcribed field note8 

May 31, 1945, at the testing station, uTroy Cabin," situated on State Highway 
No.2, 6 miles east of Troy, N. Y., and ~ mile east of the village of Eagle Mills; 
in latitude 42°44'03" N. and longitude 73°35' 15rt W.; these values as scaled from 
the U. S. Geological Survey topographic map, UTroy" quadrangle. 

I prepare for one complete stellar observing program. The horizontal angles 
were turned from a temporary meridian marker, placed at a distance of 24.08 
chains north. The mean of a number of previous observations for azimuth indi
cated that the temporary marker had a bearing of N. 00°00'50" E. Byobserva
tion on the sun at apparent noon today my watch was found to be Om24· slow of 
local mean time. 

The following observing program was carried through prior to setting a per
manent marker in the true meridian: 

For flndlnl position Approx. Vertical 
1. m. t .• p. m. Direction of sight angle Star 

No. 19/35 a Bootis (Arcturus) 0.2 ______ 
1= + 19°28'06" 

5h16m S. 88°27' E. 31°07' 

No. 13/20 (j Geminorum (Pollux) 1.2 ___ 
1= +28°09'42" 

7 18 N. 84°20' W. 37°39' 

No. 4/ 6 a Urs. Min. (Polaris) 2.2 _____ 730 N. 00°32' W. 41°48' 
1= +89°00'00" Sunset 

No. 17/33 a Virginis (Spica) 1.2 ________ 
1= -10°52'36" 

845 South 36°23' 
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Summary of all results

Time

Azimuth

Watch slow

of 1. in. t.

Latitude

Indicated bearing

of reference mark.

1st equatorial star, SE

0-23'

0 28

N. 0Â°00'16" E.

2nd equatorial star, NW.

N. 0 01 18" E.

Mean

N. 0Â°00'47" E

Polaris __

42Â°43'44"

42 44 27

N. 0 00 57' E.

3rd equatorial star at meridian passage

0 30

Mean of all

0-27-

42Â°44'05"

N. 0Â°00'52" E

U. S. Geol. Sur. topographic map

42Â°44'03"

1st Star: No. 19/35: a Bootis (Areturus); 8= +19Â°28'0fi"; meridian pas-

sage = 9h 36m.3 p. m., 1. m. t., May 31, 1945; for time and azimuth.

Watch timej

p.m.

Telescope

Horizontal angle

Observed vertical angle

Dir

5h19m05Â»

5 23 17

5 25 15

5 28 17

92Â°07'30"

31Â°44'00"

Rev

92 52 30

32 29 00

II

93 13 00

93 45 00

32 51 30

Dir

33 26 00

Mean

5h23â�¢58"

92Â°59'30"

Â»=32Â°37'37"

Refraction r= â��1 30"

>!-32Â°36'07"

5h23Â»58'

Watch time, p. m.

92Â°59'30" Horizontal angle.

S.87Â°00'14" E.=Reduced azimuth of star.

179Â°59'44"

N.00Â°00'16" E. = Indicated bearing of reference mark.

9h36=18-

4 11 57

= Mer. pass, of star, p. m., 1. m. t.

' Reduced mean time hour angle.

5Â»24=21.

0m23'

5h24m21' =Local mean time of observation.

= Watch slow of local mean time.

113
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Summary of all results 

Time Azimuth 

Watch slow Latitude Indicated bearing 
of I. m. t. of reference mark. 

-
1st equatorial star, SE ______________ Om23" N. 00QO'16" E. 
2nd equatorial star, KW ___________ 0 28 N. 0 01 18" E. 

~ean _______________________ 
---------- ------------ N. 0°00'47" E. Polarls _______________________ _____ 
---------- 42°43'44" N.O 00 57' E. 

3rd equatorial star at meridiall pu""agt' 0 30 4244 27 

~ean of alL _________________ Om27" 42°44'05" N. 0°00' 52" E. 

U. S. Geol. Sur. topographic lllap ______________ 1 42°44'03" I 
1st Star: No. 19/35: a Bootis (Arcturns);.5= +19°28'06"; meridia.n pas

sage=9b 36m .3 p. m., 1. m. t., May 31, 1945; for time and azimuth. 

Watch tim" 
Telescope Horizontal angle Observed "ertlcal angle 

p.m. 

Dir _________ 5h19mOr,o 92c07'30" 31 °44'00" Rev. ________ 523 17 92 5230 3229 00 .. 5 2.') 15 93 13 00 3251 30 --------Dir _________ 5 28 17 934500 332600 
--Mean _______ 5h23m 58" 92°59'30" V= 32°37'37" 

Refraction r= -] 30" 
.----

11 =--'- 32°36'07" 

5"23m58' Watch time, p. m. 
92°59'30" Horizontal angle. 

S.87°00'14" E.=Reduced azimuth of star. 

179°59'44" 
N.00oOO'16" E.=Indicated bearing of reference mark. 

- ~er. pass. of star, p. m., 1. m. t. 
- Reduced mean time hour angle. 

5h24m21· = Local mean time of observation. 

= Watch slow of local mean time. 
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Field record

Apparent noon

Equation of time, bubtractive

Local mean time of apparent noon

Watch time of sun's meridian passage

Watch slow of local mean time

12h00Â»00'

-2 29

11 57 31

11 57 07

24-

1st Star: No. 19/35:

Star's transit, May 16, meridian of Greenwich=10h36.1,np. m.

Reduction to " 31 =â��59.0

" " long. 73Â°35'15" - - 0.8

Meridian passage of star, 1. m. t.

*=42Â°44'03" Â«= + 19Â°28'06" ;

= 9"36.3mi

). m.

!i = 32o36'07

sin h a

. sin 1

009''-co** cos ft tan*tanft

log

cos

sin

tan

cos

sin

tan

h=

9. 731427

9. 840429

9. 925536

9. 865998

9. 805891

9. 965615

<6 =

9. 865998

9. 974431

9. 965615

9. 548385

a=

9. 522817

9. 791534

9. 840429

9. 514000

9. 791534

9. 771506

9. 890998

9. 731283

na1

t

. 77803 .32659

. 32659

.53862 . 59089

. 53862

cos 1=

<=63c

.45114(-f

09'50"

)

cos A=

A*=8.

. 05227(-)

87Â°00'14" ]

3.

=4h12Â»39,=sidereal hour angle.

â��42 = reduction to mean time hour angle.

4hll,I'57,=mean time hour angle.

114. Continuation of the complete stellar program as begun and

explained in the preceding section.

114

log 

h= 
~= 
8= 

nat 
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Field record 
Apparent noon 
Equation of time, bubtractive 

Local mean time of apparent noon 
Watch time of sun's meridian passage 

Watch slow of local mean time 

1st Star: No. 19/35: 

12bOOmOOI 
-2 29 

11 57 31 
11 57 07 

241 

135 

Star's transit, May 16, meridian of Greenwich = 10b36. Imp. m. 
Reduction to " 31 = -59.0 

" " long. 73°35' 16" - - 0.8 

Meridian passage of star, 1. m. t. 

Rln A 
COl t-cos ,. cos , tan<f;tanl 

sin , 
cos A-co~ ~ cos h -tan • tan A 

cos 

9. 865998 
9.974431 

9.840429 

sin 

9. 731427 

9. 840429 

9.890998 

.77803 
.32659 

tan 

9. 965615 
9.548385 

9. 514000 

.32659 

cos sin 

9. 925536 
9. 865998 

9.522817 

9.791534 9. 791534 

9. 731283 

.53862 

tan 

9. 805891 
9. 965615 

9. 771506 

.69089 

.53862 

cos t= . 45114( +) cos A= .05227(-) 
t=63°09'50" A-S. 87°00'14" E. 

=4b I21D39'=sidereal hour angle. 
-42 =reduction to mean time hour angle. 

4bllm571 =mean time hour angle. 

114. Continuation of the complete stellar program as begun and 
explained in the preceding section. 
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Transcribed field notes

2nd Star: No. 13/20: 0 Geminorum (Pollux); *= +28Â°09'42": meridian passage

= 3h 06.1m p. m., 1. m. t., May 31, 1945; for time and azimuth.

Watch time

p.m.

Telescope

Horizontal angle

Observed vertical angle

Dir

7>>i9m59.

7.20 53

84Â°06'00"

83.57 00

83.31 00

83.19 00

37Â°22'00"

Do

87 12 00

36 40 30

Rev

7.23 39

Do

7.24 53

36 28 00

Mean

7b22â�¢21'

83Â°43'15"

p=36Â°55'37"

Refraction, r= â��1 17

A=36Â°54'20"

7b22m21*

Watch time, p. m.

83Â°43'15" Horizontal angle.

N.83Â°41'57" W. = Reduced azimuth of star.

N.00Â°01'18" E. Â»= Indicated bearing of reference mark.

3h06m06' = Mer. pass, of star, p. m., 1. m. t.

4 16 43 = Reduced mean time hour angle.

7h22Â»49Â«

0-28'

7b22â�¢49" = Local mean time of observation

=Watch slow of 1. m. t.

Field record

2nd Star: No. 13/20:

Star's transit, May 16, meridian of Greenwich=4k05.9m p. m.

Reduction to May 31 = â�� 59. 0

Reduction to long. 73Â°35'15" = -0. 8

Meridian passage of star, l.m. t.

=3h06.1=> p. m.

*=42Â°44'03"

Â«=+28Â°09'42"

A=36Â°54'20"

sin ft _

cos'-cosÂ«-Soi-J_tan*tan'

COS 0 COS ft w

sin 8 , , . .

tog

008

sin

tan

cos

sin

tan

h=

9. 778511

ft 811279

9. 902887

ft 865998

ft 875624

9. 965615

<t> =

Â« =

9. 865998

ft 945281

ft 965615

ft 728625

ft 673906

9. 768885

ft 811279

ft 694240

ft 768885

ft 841239

ft 967232

ft 905021
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Transcribed field notes 

2nd Star: No. 13/20: fJ Geminorum (Pollux); &= +28°09'42"j meridian passage 
=3b 06.1m p. m., 1. m. t., May 31, 1945; for time and azimutn. 

Watch time 
TelflllOOpe Horizontal angle Observed vertleal ancle 

p.m. 

Dir ___________ 7b19m59- 84°06'00" 37°22'00" Do _______ 7_20 53 83_5700 87 12 00 Rev __________ 7_23 39 83_31 00 36 4030 Do _______ 7_24 53 83_1900 36 2800 
Mean _____ 7b22m21- 83°43'15" ,,=36°55'37" 

Refraction, r= -117 

h=36°54'20" 

11022"'21- Watch time, p. m. 
83°43'15" Horizontal angle. 

N.83°41'57" W.=Reduced azimuth of star. 

N .00°01' 18" E. 1C Indicated bearing of reference mark. 

= Mer. pass. of star, p. m., 1. m. t. 
= Reduced mean time hour angle. 

= Local mean time of observation 

= Watch slow of 1. m. t. 

Field record 
2nd Star: No. 13/20: 
Star's transit, May 16, meridian of Greenwich=41a05.9m p. m. 
Reduction to May 31 = -59.0 
Reduction to long. 73°35'15" = -0.8 

Meridian passage of star, I.m. t. =3 b06.1m p. m. 

sin 11 
cos t-cos "</> cos" - t:1O • tan /I 

sin" 
cos A-00s. cos II-tan. tan. 

log COlI sin tan oos sin tan 

h= 9.778511 9. 902887 9. 875624 
~= 9. 865998 9. 965615 9. 865998 9.965615 
6= 9.945281 9. 728625 9.67390G 

9.811279 9.811279 9. 694240 9. 768885 9. 768885 9.841239 

9.967232 9. 905021 
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nat

. 92733

. 49458

49458

. 80356

. 69381

69381

cos< = . 43275 ( + )

i = 64Â°21'28"

cos 4= . 10975 ( +)

Aâ��N. 83Â°41'57" W.

4h17m26Â»=sidereal hour angle.

â�� 43 =reduction to mean time hour angle.

4h16n'43' = mean time hour angle.

115. Continuation of the complete stellar program as begun and

explained in sec. 113; the summary of the time and latitude determina-

tion in section 116; the summary of the azimuth determination in this

section.

Transcribed field notes

3rd Star: No. 4/6: a Urs. Min. (Polaris); 8 = + 89Â°00'00"; meridian passage at

upper culmination = 9h10I,,00â�¢ a. m., 1. m. t., May 31, 1945; sunset observation

for azimuth and latitude.

Watch time

p.m.

Telescope

Horizontal angle repeated

Observed vertical angle

Dir.

7&28-03'

7 30 07

7 32 35

0Â°34'30"

1Â°41'30"

41Â°50'30"

41 49 00

41 49 00

M

Mean

7h30Â»15-

0Â°33'50" (1/3)

41Â°49'30"

Rev.

u

7h35Â»01-

7 36 33

7 38 07

0Â°33'00"

1Â°38'00"

41Â°50'00"

41 50 00

41 50 00

it

Mean

7h36Â»34-

0Â°32'40" (1/3)

41Â°50'00"

7h33'=24'

0 27

0Â°33'15"Mean of all.

v = 41Â°49'45"

Refraction, r= â�� 1 04

Watch slow of 1. m. t.

h=41Â°48'41"

7h33Â°51Â»

12

9h10n,00'

p. m., 1. m. t. of ob-

servation

a. m., U. C.

10h23Â»51-

=Hour angle of Polar

s, west of meridian.

Vertical angle, corrected for refraction /i=41Â°48'41"

Vertical angle correction to elevation of pole for hour angle

lOh 23.85m, additive = + 0Â°55'03'

Latitude

42Â°43'44"

T00004'-

-10

115
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.92733 

.49458 
.49458 .80356 

.69381 
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.69381 

cos t = . 43275 (+) cos A= .10975 ( +) 
A=N. 83°41'57" W. t=64°21'28" 

= 4b 17m26" = sidereal hour angle. 
-43 =reduction to mean time hour angle. 

4bI6m43"=mean time hour angle. 

115. Continuation of the complete stellar program as begun and 
explained in sec. 113; the summary of the time and latitude determina
tion in section 116; the summary of the azimuth determination in this 
section. 

Tran8cribed field notes 

3rd Star: No. 4/6: (I Un. Min. (Polaris); a = + 89°00'00"; meridian passage at 
upper culmination=9bl0mOOO a. m., 1. m. t., May 31, 1945; sunset observation 
for azimuth and latitude. 

Watch time 
Te1eIcope Horizontal angle repeated Observed vertical angle 

p.m. 

Dir. 7b28m031 0°34'30" 41 °50'30" 
" 7 30 07 41 4900 
" 7 32 35 1 °41'30" 41 4900 

Mean 7b30m15" 0°33'50" (1/3) 41 °49'30" 

Rev. 7b35-0l" 0°33'00" 41 °50'00" 
" 7 36 33 41 5000 
" 7 38 07 1 °38'00" 41 5000 

Mean 7b36m34" 0°32' 40" (1/3) 41°50'00" 

7b33m24· 0033'15"Mean of all. v=41 °49'45" 
Refraction, r= - 1 04 

o 27 Watch slow of 1. m. t. 
h-=41°48'41" 

7b33m51· p. m., 1. m. t. of ob-
12 servation 
9b l0mOO· a.m., U. C. 

10b 23m51· =Hour angle of Polaris, west of meridian. 

Vertical angle, corrected for refraction 
Vertical angle correction to elevation of pole for hour angle 

10h 23.85m, additive 

Latitude = 42°43'44" 

'00004--41--10 Original from 
UNIVERSITY OF INNESOTA 
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Observed horizontal angle

Azimuth of Polaris for hour angle 10h 23.85n west of the

meridian

= 0Â°33'15"

.4=N.0Â°32'18"W.

Indicated bearing of reference mark

Same, 1st equatorial star, SE. N.0Â°00'16"E.

" 2nd " " , NW N.0Â°01'18"E.

Mean of the equatorial stars N.0Â°00'47"E.

Determined true bearing of reference mark

Field record

3rd Star: Polaris

Upper culmination, May 31, meridian of Greenwich

Reduction to long. 73Â°35'15"

Interpolation from tables in the Ephemeris:

N.0Â°00'57"E.

N.0Â°00'47"E.

N.0Â°00'52"E.

9h10.8m a. m.

= -0.8

9h10.0B' a. m.

For azimuth

For latitude

Hour angle

Latitude

Declination

42Â°00'

42Â°44'

44Â°00'

88Â°59'50"

89Â°0C0O"

89Â°O0'10"

t

10h18.3Â»

22.3

23.85

28.3

34.3

33.5

34.5

0Â°55'03"

0 56 14

0Â°54'54"

0 55 03

0Â°54'45"

0 55 56

31.7

30.3

32. 1

32.7

31.3

0 56 05

32.1

ForÂ«=89Â°00'00"+0.2

32.3

A= N.0Â°32'18" W.

Primary adjustment to ele-

vation of pole, additive;

no supplemental correc-

tion 0Â°55'03"

116. Continuation of the complete stellar program as begun and

explained in sec. 113; the summary of the azimuth determination in

sec. 115; the summary of the time and latitude determinations in

this section.

Transcribed field notes

4th Star: No. 17/33: a Virginis (Spica); Â«= â��10Â°52'36"; meridian passage=

8h45.6m p. m., 1. m. t., May 31, 1945; for time and latitude.

Star's transit, May 16, meridian of Greenwich=9h45.4n' p. m.

Reduction to " 31 =-59.0

" long. 73Â°35'15" =- 0.8

Meridian passage of star, 1. m. t.

=8h45.6'Â° p.m.

=8h45m36Â» p. m.

115
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Observed horizontal angle 
Azimuth of Polaris for hour angle 10h 23.85'" west of the 

meridian 

Indicated bearing of reference mark 
Same, 1st equatorial star, SE. 

" 2nd " " , NW 

Mean of the equatorial stars 

N.ooOO'16"E. 
N.ooOl'18"E. 

N.OoOO'47"E. 

Determined true bearing of reference mark 

Field record 
3rd Star: Polaris 
Upper culmination, May 31, meridian of Greenwich 
Reduction to long. 73°35'15" 

Interpolation from tables in the Ephemeris: 

For azimuth I 
Hour angle Latitude I 

42°00' 42°44' 44°00' 88°59'50" 

, , , 
10h18.3m 33.5 34. 5 

22.3 0°55'03" 
23.85 31.7 32. I 32.7 
28.3 30.3 31. 3 
34.3 o 56 14 

A=N.0032'18"W. 

N .0°00' 57" E. 

N .0°00' 47"E. 

N .0°00' 52" E. 

For latitude 

Declination 

80°00'00" 

9h10.8m a. m. 
=-0.8 

9h10.Om a. m. 

-
89°00'10" 

0°54'54" 0°54'45" 
o 5503 

o 5605 o 5556 

32. 1 
For i!=89°00'00" +0.2 

32.3 
A= N.0032'18" W. 

Primary adjustment to ele
vation of pole, additive; 
no supplemental correc-
tion 0°55'03" 

116. Continuation of the complete stellar program as begun and 
explained in sec. 113; the summary of the azimuth determination in 
sec. 115; the summary of the time and latitude determinations in 
this section. 

Transcribed field notes 

4th Star: No. 17/33: a Virginis (Spica); 8= -10°52'36"; meridian passage= 
8h45.6m p. m., 1. m. t., May 31, 1945; for time and latitude. 

Star's transit, May 16, meridian of Greenwich=9h45.4m p. m. 
Reduction to .. 31 = - 59.0 

1/ 1/ long. 73°35' 15" = - 0.8 

Meridian passage of star, 1. m. t. 
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Tele-

scope

Observed Watch time

vertical

angle p. m.

Dir. 36Â°24'00" 8h45Â»06' Watch time=8h45Â»06'

Rev. 36 24 30

-Watch slow of 1. m. t. = 0-30'

Mean 36Â°24'15" Same, 1st star = 0 23

-1 18 =refraction. " 2nd " = 0 28

36Â°22'57"=h Mean= 0-27'

Â«=10 52 36 S. =====

47Â°15'33"

â�¦=42 44 27 Latitude of station =42Â°44'27"

90Â°00'00" Same, by Polaris observation =42 43 44

Mean 42Â°44'05"

Equal Altitude Observations of the Sun for Meridian

117. The true meridian may be established by the method of

equal altitude observations of the sun. The observation is not well

adapted to line work, but it possesses a certain usefulness in camp,

in that the engineer may thus determine the true meridian by the

sun with mere approximations as to time and latitude.

The fixation of the true meridian by this method depends upon

the theory that the sun's center at equal altitudes occupies sym-

metrical positions in azimuth east and west of the meridian in the

morning and in the afternoon except for the correction necessary

to be applied due to the change in the sun's declination in the interval

between the a. m. and p. m. observations:

"dAS": Correction in azimuth in minutes of angular measure to be

applied to the mean position in azimuth to obtain the true south

point; the correction is to be applied to the east with a northerly

hourly change in declination, or to the west with a southerly hourly

change.

"da": Change in declination of the sun from the a. m. to the p. m.

observation, expressed in minutes of angular measure.

"(<i+r2)"; The sum of the hour angles from apparent noon, or the

total watch time from the a. m. to the p. m. observation, expressed

in angular measure.

cos^sinK('i+<s)

The symmetry of the equal altitude observation is maintained

by observing opposite limbs in azimuth in the a. m. and p. m. ob-

servations, in connection with the same limb in vertical angle in

both observations.

With "Â£<&" and "Â§('i+'a)" calculated, the computation can be

concluded by applying to "%d8" the declination coefficient obtained

117

Tele
scope 

Dir. 
Rev. 

Mean 

Observed 
vertical 
angle 
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Watch time 

p.m. 

36°24'00" 8h45m 06· 
36 2~ 30 

Watch time=8h45m 06· 

----Watch slow of 1. m. t. - Om30· 
36°24' 15" Samc, 1st star 

-1 18 = rcfraction. " 2nd" 

36°22' 57" = h 
1=10 5236 S. 

47°15'33" 

o 23 
o 28 

Mean= Om27· 

• 42 44 27 Latitude of station =42°44'27" 

90°00'00" Same, by Polaris observation 42 43 44 

Mean 42°44'05" 

Equal Altitude Observations of the Sun For Meridian 

139 

111. The true meridian may be established by the method of 
equal altitude observations of the sun. The obseryation is not well 
adapted to line work, but it possesses a certain usefulness in camp, 
in that the engineer may thus determine the true mC'ridian by the 
sun with mere approximations as to time and latitude. 

The fixation of the true meridian by this method depends upon 
the theory that the sun's center at equal altitudes occupies sym
metrical positions in azimuth east and west of the meridian in the 
morning and in the afternoon except for the correction necessary 
to be applied due to the change in the sun's declination in the interval 
between the a. m. and p. m. observations: 

"dA8": Correction in azimuth in minutes of angular measure to be 
applied to the mean position in azimuth to obtain the true south 
point; the correction is to be applied to the east with a northerly 
hourly change in declination, or to the west with a southerly hourly 
change. 

"da": Change in declination of the sun from the a. m. to the p. m. 
observation, expressed in minutes of angular measure. 

"(t1+t2)"; The sum of the hour angles from apparent noon, or the 
total watch time from the a. m. to the p. m. observation, expressed 
in angular measure. 

The symmetry of the equal altitude observation is maintained 
by observing opposite limbs in azimuth in the a. m. and p. m. ob
servations, in connection with· the same limb in vertical angle in 
both observations. 

With "ida" and "i(t1 +t2)" calculated, the computation can be 
concluded by applying to "!<U" the declination coefficient obtained 
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by entering Table 22 of the Standard Field Tables, which gives

coefficients for computing errors in azimuth due to small errors in

declination, arguments: "<j>" and "K'l+'a)-"

118. An equal altitude observation of the sun for azimuth consists

in reading the horizontal deflection angles from a fixed reference

point to opposite right or left limbs of the sun in a. m. and p. m.

observations, simultaneously with the same upper or lower limb,

at the epoch of equal vertical angle in both observations, from the

record of which a calculation is made of the bearing of the reference

point as referred to the true meridian. To guard against error the

engineer is required to make a series of three equal altitude obser-

vations, taking the resulting mean. The most suitable a. m. and

p. m. hours for this observation obtain when the sun is moving

rapidly in altitude as compared with a relatively small change in

azimuth.

Equal Altitude Observations of the Sun, Observing Program

119. Select the observing station, or transit point, and a reference

point preferably to the south, and not nearer than 5 or 10 chains

distant.

Thoroughly level the transit for the a. m. observation.

Observe and record the horizontal deflection angle from the fixed

reference point to the sun's right limb, and the vertical angle to the

sun's lower limb; these observations must be simultaneous, at the

epoch of which the sun will appear as indicated; note the watch

time at the moment of the observation: ty-

Thoroughly level the transit for the p. m. observation.

With the same vertical angle set off for the p. m. observation follow

the sun's left limb until the sun's lower limb becomes tangent, as

indicated, recording the watch time and horizontal deflection angle

from the reference point: -p

The above program constitutes one observation. A series of three

observations are taken by three successive a. m. settings at intervals

of about four or five minutes of time. In the p. m. the settings are

made beginning with the highest vertical angle.

Consider each equal altitude observation separately and subtract

the lesser horizontal angle from the greater and divide by two; this

gives the value of the angle to be turned to the uncorrected south

point for that pair.

The mean of the three half-differences is then taken to determine

the horizontal angle from the reference point to an imcorrected south

point, this angle to be applied in a direction to equalize the south

point between the two observed positions of the sun.

In order to determine the true south point, compute the differential

117
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by entering Table 22 of the Standard Field Tables, which gives 
coefficients for computing errors in azimuth due to small errors in 
declination, arguments: "cJ>" and "Htl +t2)." 

118. An equal altitude observation of the sun for azimuth consists 
in reading the horizontal deflection angles from a fixea reference 
point to opposite right or left limbs of the sun in a. m. and p. m. 
observations, simultaneously with the same upper or lower limb, 
at the epoch of equal vertical angle in both observations, from the 
record of which a calculation is made of the bearing of the reference 
point as referred to the true meridian. To guard against error the 
engineer is required to make a series of three equal altitude obser
vations, taking the resulting mean. The most suitable a. m. and 
p. m. hours for this observation obtain when the sun is moving 
rapidly in altitude as compared with a relatively small change In 

azimuth. 

Equal Altitude Observations of the Sun, Observing Program 

119. Select the observing station, or transit point, and a reference 
point preferably to the south, and not nearer than 5 or 10 chains 
distant. 

Thoroughly level the transit for the a. m. observation. 
Observe and record the horizontal deflection angle from the fixed 

reference point to the sun's right limb, and the vertical angle to the 
sun's lower limb; these observations must be simultaneous, at the 
epoch of which the sun will appear as indicated; note the watch 
time at the moment of the observation: <t-

Thoroughly level the transit for the p. m. observation. 
With the same vertical angle set off for the p. m. observation follow 

the sun's left limb until the sun's lower limb becomes tangent, as 
indicated, recording the watch time and horizontal deflection angle 
from the reference point: -P 

The above program constitutes one observation. A series of three 
observations are taken by three successive a. m. settings at intervals 
of about four or five minutes of time. In the p. m. the settings are 
made beginning with the highest vertical angle. 

Consider each equal altitude observation separately and subtract 
the lesser horizontal angle from the greater and divide by two; this 
gives the value of the angle to be turned to the uncorrected south 
point for that pair. 

The mean of the three half-differences is then taken to determine 
the horizontal angle from the reference point to an uncorrected south 
point, this angle to be applied in a direction to equalize the south 
point between the two observed positions of the sun. 

In order to determine the true south point, compute the differential 
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azimuth correction due to the change in the sun's declination from

the mean period of the a. m. to the mean period of the p. m. observa-

tions, and apply this angle to the mean of the half-differences as stated

above. The differential azimuth correction is to be applied to the

east (or to the left, counterclockwise) when the hourly change in the

sun's declination is northerly; to the west (or to the right, clockwise)

when the hourly change in the sun's declination is southerly. The

computed resultant angle indicates the bearing of the reference point

counting from the true meridian.

The correct apparent times of the observations do not need to be

known, as the function "$(<i+<j)" equals one-half the time in hours

and minutes, by the engineer's watch, from the a. m. to the p. m.

observation.

The equal altitude observation may be modified by taking a p. m.

observation one day followed by an a. m. observation the next, in

which case the functions "jidS" and "?(tl-\-t2)" are to be computed

for the period from the p. m. to the a. m. observation; and the differ-

ential azimuth correction, "dA5", is then applied in the opposite

direction.

120. Example of equal altitude observation of the sun for azimuth:

Transcribed field notes

September 2, 1944, near the cor. of sees. 5, 6, 31, and 32, on the south boundary

of T. 13 S., R. 90 W., 6th Prin. Mer., Colorado, in latitude 38Â°52.4' N., and

longitude 107Â°29' W., at approximate altitude above sea level 6,000 ft., and at

temperature 50Â° F., at 8h34"" a. m. and 3b30m p. m., app. time, I make a series of

three equal altitude observations of the sun for azimuth, reading the horizontal

angle from a nail driven in a post approximately 6 chs. NNE., to the right to the

sun's right limb in the a. m., and to the left to the sun's left limb in the p. m.;

equal vertical angles having been taken to the sun's lower limb. My -watch

carries approximate apparent time.

Observation

1st, a. m

3d, p. m

2d, a. m .

2d, p. m

Sam of hour angles.

Mean bour angle...

Id, a. m

Â£L

Sun

<f

-P

Watch time

8h 34" 44-

8Â»37Â»00Â»

3 23 42

6h 46" 42i

3 23 21

gb 39= 39.

Vertical

angle

34Â° 15' 00"

34Â° 40' 00"

S5Â» 08' 00"

Horizontal angle,

nail to sun

104Â°

08'

30"

to rt.

116

37

30

â�  It.

12Â°

29'

00"

(Dift.)

104Â°

36'

30"

to rt.

117

05

30

" It.

12Â°

29'

00"

(Difl.)

106Â°

10'

00"

to rt.

117

38

30

â�¢â�¢ It.

1st, p. m

3 21 18

12Â° 28' 30" (Dig.)

120
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azimuth correction due to the change in the sun's declination from 
the mean period of the a. m. to the mean period of the p. m. observa
tions, and apply this angle to the mean of the half-differences a~ stated 
above. The differential azimuth correction is to be applied to the 
east (or to the left, counterclockwise) when the hourly change in the 
sun's declination is northerly; to the west (or to the right, clockwise) 
when the hourly change in the sun's declination is southerly. The 
computed resultant angle indicates the bearing of the reference point 
counting from the true meridian. 

The correct apparent times of the observations do not need to be 
known, as the function "!(tl +t2)" equals one-half the time in hours 
and minutes, by the engineer's watch, from the a. m. to the p. m. 
observation. 

The equal altitude observation may be modified by taking a p. m. 
observation one day followed by an a. m. observation the next, in 
which case the functions "~cU" and "Htl +t2)" are to be computed 
for the period from the p. m. to the a. m. observation; and the differ
ential azimuth correction, "dA5", is then applied in the opposite 
direction. 

120. Example of equal altitude observation of the sun for azjmu~h: 
Transcribed field notes 

September 2, 1944, near the cor. of secs. 5, 6, 31, and 32, on the south boundary 
of T. 13 S., R. 90 W., 6th Prin. Mer., Colorado, in latitude 38°52.4' N., and 
longitude 107°29' W., at approximate altitude above sea level 6,000 ft., and at 
temperature 50° F., at 8b 34m a. m. and 3b 30m p. m., app. time, I make a series of 
three equal altitude observations of the sun for azimuth, reading the horizontal 
angle from a nail driven in a post approximately 6 chs. NNE., to the right to the 
sun's right limb in the a. m., and to the left to the sun's left limb ill the p. m.; 
equal vertical angles having been taken to the sun's lower limb. My watch 
carries approximate apparent time. 

Observation Sun Watch time Vertical Horizontal angle, 
angle nail to sun 

1st, .. mo ________________________________ 4- Sh 34m 44' 34° 15' 00" 104° 08' 30" to rt. 

lid. p. m __________________________________ -f- 3 26 00 116 37 30 .. It. -------------
12" 29' 00" (Dlft.> 

M, .. ID._ ••• ____ •• _____________________ 

~ 
S" 37Ja ()()I 34° 40' 00" 104° 36' 30" to rt. 

211. p. m ___ • __ ._. _ ••• _____ • __ •••••••• ___ 8 23 42 117 05 30 .. It. -------------
SUDl of hour angles ___ •••• _______________ • ..... _--- .. --- .. --- 6h 46'" 42- ---------- .. -~ 12" 29' 00" (Dl1f.) 
Mean hour &Dile-------••• --------------- ar------ 8 23 21 ----.. -.. _----. 
lid ... m. __ ._. __________ ._. _______ • _______ 

81> 39- 39- 86- 08' 00" 105° 10' 00" to rt. 

1St, p. a-_._ •••• _. ______ • __ ._. ___________ -P- 3 21 IS 117 88 30 .. It. -------------
l2" 28' 30" (Dlft.) 

- _. 
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One half differences, or bearing angles from uncorrected north point to nail:

By 1st obsn.=N. 6Â°14'30" E.

" 2nd " =N. 6 14 30 E.

" 3rd " = N. 6 14 15 E.

Mean=N. 6Â°14'25" E.

Differential azimuth correction= â��5 07 (Subt.: the southerly

change in declination in-

Mean true bearing of nail=N. 6Â°09'18" E. creased the larger, or

===== p. m. horizontal angle.)

Field record

The hourly change in the sun's declination=64.76" S.

N

*~Nail in post

Hor. ang. a. m.= 180Â°â�� (A a. m. + X) = 180Â°-A-X

Hor. ang. p. m.= 180Â°-A p. m.+X=180Â°-A+X+2dA,

Hor. ang. p. m.â��hor. ang. a. m.=2(X+dAj)

X = % (Hor. ang. p. m. â��hor. ang. a. m.)â�� dAi

The following computation is made to obtain the differential azimuth correction

for the above series:

%ds

dA,=

cos <t> sin H('i+tÂ»)

120
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One half differences, or bearing angles from uncorrected north point to nail: 
By 1st obsn.=N. 6°14'30" E. 
II 2nd " = N. 6 14 30 E • 
., 3rd "E:N. 6 14 15 E. 

Mean=N. 6°14'25" E. 
DUferential azimuth correction= -507 (Subt.: the southerly 

change in declination in
Mean true bearing of nail=N. 6°09'18" E. creased the larger, or 

p. m. horizontal angle.) 

Field record 

The hourly change in the sun's declination=54.76" S. 

N 

s 

Bor. :lng. a. m.=1800-(A a. m.+X)=1800-A-X 
Bor. ang. p. m.=1800-A p. m.+X=I800-A+X+2d.A, 
Bor. ang. p. m.-hor. ang. a. m.=2(X +dA,) 
X=~ (Hor. ang. p. m.-hor. ang. a. m.)-dAa 

The following computation is made to obtain the differential azimuth correction 
for the above series: 

dA = ~d~ 
I cos tP sin H(h +ts) 
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Hd*=}2X6.78X54.76" = 186";

0=38Â°52.4' N.; log cos <t>

H(*^+*l)=3h23^121,

=50Â°50'15"

log sin %(.h+h)

log H<*j=2.268578

= 9.891278

. = 9.889499

9.780777

9.780777

log dA,=2.487801

dAf= differential azimuth correction=307"

=5'07"

121. The following reduction to obtain the value of the differ-

ential azimuth correction for the above series is made with the use

of table 22 of the Standard Field Tables:

Latitude

Mtfi+'i). or hours from app. noon.

P

31.23.3"

4k

35c00'

1.73

1.41

1.49

1.51

38Â°52.4'

40c00'

1. 82

1.85

1. 68

Declination coefficient

dA,= 1.68X HdS= 1.68X 186"

dAi=differential azimuth correction

The small difference (05") in the computation of "dAt" in the two

processes of reduction is due to the error in adopting a coefficient

obtained by linear interpolation in table 22 of the Standard Field

Tables, the tabular interval of which is large. Ordinarily the equal

altitude method would be used when the latitude of the station, or

the vertical angle adjustment, are uncertain. The slight error in

using the declination coefficient taken by linear interpolation from

table 22 is small enough to be negligible.

122. The second a. m. and p. m. observations of the above series

are selected for an example of the reduction to the sun's center and

direct computation of the sun's azimuth, and true bearing of the nail,

by the equation:

Cos ^4=

sin 5

"cos <(> cos h

-tan 4> tan h

Vertical angle to sun's lower limb

Reduction to sun's center

Refraction (83" x .82=68")

Parallax

=34Â°40'00"

= +15 53

= - 108

= + 07

122
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~!U=~X6.78X64.76"= 186"; log ~.=2.268578 
41-=38°52.4' N.; log cos 41 =9.891278 
~(tl+tt) =3b23m211 

=50°50'15" 
log sin ~(tl +t2) ________________ =9.889499 

9.780777 9.780777 

log dA,=2,487801 
dA,-=difJerential azimuth correction=307" 

=5'07" 
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121. The following reduction to obtain the value of the differ
ential azimuth correction for the above series is made with the use 
of table 22 of the Standard Field Tables: 

}i(tl+ts), or hours from app. noon. 
Latitude 

3b 

35°00' 1.73 
38°52.4' 1. 82 
40"00' 1.85 

Declination coefficient 
dA,= 1.68X ~d6= 1.68X 186" 
dA.,=ditl'erential azimuth correction 

3b23.3-

1.68 

4b 

1. 41 
1. 49 
1. 51 

=1.68 
=312" 
=5'12" 

The small difference (05") in the computation of "dA," in the two 
processes of reduction is due to the error in adopting a coefficient 
obtained by linear interpolation in table 22 of the Standard Field 
Tables, the tabular interval of which is large. Ordinarily the equal 
altitude method would be used when the latitude of the station, or 
the vertical angle adjustment, are uncertain. The slight error in 
using the declination coefficient taken by linear interpolation from 
table 22 is small enough to be negligible. 

122. The second a. m. and p. m. observations of the above series 
are selected for an example of the reduction to the sun's center and 
direct computation of the sun's azimuth, and true bearing of the nail. 
by the equation: 

sin 8 
Cos A= cp h -tan cp tan h cos cos 

Vertical angle to sun's lower limb 
Reduction to sun's center 
Refraction (83" x .82=68") 
Parallax 

QI9 ize b 

-=34°40'00" 
+1563 

108 
= + 07 
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Sun's center, h

Declination of the sun, Greenwich app. noon

Diff. in time to a. in. obsn:

For long. 107Â°29' W.= 7k09â�¢56'

For time, a. m. â�¢= -3 23 00

34<>54'52"

7Â°52'10" N.

3.78" â�� 3h46"*56Â«

Diff. in declination to app. time of a. m. obsn.:

3.78 x 54.76"=207"

Sun's declination, a. m. observation

Diff. to p. m. obsn. (6.78 x 54.76" = 371")

Sun's declination, p. m. observation

a. m. obsn.

log sin S =9.133290(+)

" cos*

a u h

tan <t>

" h

log

nat. (-)

=9.891278

=9.913818

9.805096

=9.906405

9.843846

= 9.750251

= .50267

(-)

0.805096

9.328194

-- .21291

.56267

.34976

= 3'27" S.

= 7Â°48'43" N.

â� = 611 8.

= 7Â°42'32" N.

p. m. obsn.

9.127558(+)

9.805096

log

nat.

Cos^l= (-)

A, true bearing of sun S. 69Â°31'39" E.

(-)

(-)

-= 9.322462

- .21012

.56267

Hor. angle from nail to sun's

right and left limbs

Reduction to sun's center:

15'53"

cos 34Â°55'53" (v)

Hor. angle to sun's center

Sun's azimuth, as computed

above

Bearing of nail

Mean, true bearing of nail

a. vi. obtn.

104Â° 36'30"

-19 22

= 104Â° 17'08"

=S. 69Â° 31'39" E.

173Â° 48'47"

180 00 00

=N. 6Â° 11*18" E.

â�  N. 6Â° 09'22" E.

.35255

S. 69Â°21'24"W.

p. 77i. obsn.

117Â°05'30"

-19 22

116Â°46'08"

B. 6flÂ°21'24" W.

186Â°07'32"

180 00 00

N. 6Â°07'32" E.

122
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Sun's center, h 
Declination of the sun, Greenwich app. noon 
Diff. in time to a. m. ollan: 

For long. 107°29' W.= 7b09ru56" 
For time, a. m. IC - 3 23 00 

3.78b -= 3b46m56" 
Ditr. in declination to app. time of a. m. obsn.: 

3.78 x 54.76"=207" 

Sun's declination, a. m. observation 
Ditr. to p. m. obsn. (6.78 x 54.76"=371") 

Sun's declination, p. m. observation 

.. 

a. m. obm. 
log sin cl _____________________________ -=9.133290(+) 

" cos q, -9.891278 
U "h -9.913818 

9.805096 9.805096 

U tan q, =9.906405 9.328194 
U " h 9.843846 

_ 
.21291 

log =9.750251 
nat. (-) -= .5G267 (-) .56267 

Cos A = _______________________ (-) .34976 
A, true bearing of SUD ________________ S. 69°31'39" E. 

Hor. angle from nail to sun's 
right and left limbs 

Reduction to sun's center: 

15'53" 
cos 34°55'53" (v) 

Hor. anglo to sun's center 
Sun's azimuth, as computed 

above 

Bearing of nail 
Mean, true bearing of nail 

a. m. rom. 
-= 104° 36'30" 

- -1922 

= 104° 17'08" 

=8. 69° 31'39" E. 

173° 48'47" 
180 00 00 

_ N. 6° 11'13" E. 
aN. 6° 09'22" E. 

log 
nat. 

(-) 

(-) 

-= 34°54'52" 
-= 7°52'10" N. 

-= 3'27" S. 

= 7°48'43" N. 
= 611 8. 

-= 7°42'32" N. 

p. m. OOm. 
9.127558( +) 

9.805096 

II::: 9.322462 
-= .21012 

.56267 

.35255 
S. 69°21'24"W. 

p. m.OOm. 
117°05'30" 

-1922 

116°46'08" 

S. 69°21'24" W. 

186°07'32" 
180 00 00 

N. 6°07'32" E. 
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Sun

o

Nail

Sun

o

The discrepancy between the results obtained in the a. m. and p. m.

observations indicates a probable instrumental error in measuring the

vertical angle, making it approximately 1'20" too large, or in using a

latitude value which is approximately 1'33" north of the true latitude

of the station, or in a combination of errors in these elements. How-

ever, these errors, discrepancies in values, or residuals of instrumental

adjustments, are compensated by taking the mean of the results ob-

tained in the a. m. and p. m. observations.

One additional fact should be noted relative to the several reduc-

tions of the above equal altitude observations:

By direct computation, A a. m. = 69Â°31'39"

A p. m. = 69Â°21'24"

Difference = 2dAs= 10'15"

dAs = 5'07"

This value for dA$ (5'07") agrees with same function as first computed.

123. Example of stellar equal altitude observation for time, latitude,

and azimuth:

October 26, 1944, at a transit station in Salt Lake City, Utah, in approximate

latitude 40Â°45' N., and longitude 111Â°49' W., approximate elevation above sea

level, 4,900 ft., at 3h30m p. m., app. time (3h14m p. m., 1. m. t.), I set the arcs of the

solar unit, lat. 40Â°45' N., and decl. 12Â°38' S., and orient to the meridian, and

determine the bearing, N. 27Â°06' E., to a beacon light approximately 2 miles

distant.

Oct. 26, 6h29m p. m., and Oct. 27, 4h39m a. m., 1. m. t., I make a series of four

equal altitude observations, including vertical angle at meridian passage, of the

star a Arietis, No. 5/7, Mag. 2.2, for time, latitude, and azimuth, reading the

horizontal angle from the beacon light, to the right, to the star in the p. m., and

123
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q.HJ. N pm. Not! 
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Sun 

o 
The discrepancy between the results obtained in the a. m. and p. m. 

observations indicates a probable instrumental error in measuring the 
vertical angle, making it approximately 1'20" too large, or in using a 
latitude value which is approximately 1'33" north of the true latitude 
of the station, or in a combination of errors in these elements. How
ever, these errors, discrepancies in values, or residuals of instrumental 
adjustments, are compensated by taking the mean of the results ob
tained in the a. m. and p. m. observations. 

One additional fact should be noted relative to the several reduc
tions of the above equal altitude observations: 

By direct computation, A a. m.=69°31'39" 
A p. m.=69°21'24" 

Difference=2dA.5= 10'15" 
dA.5= 5'07" 

This value for dA.5 (5'07") agrees with same function as first computed. 

123. Example of stellar equal altitude observation for time, lat.itude, 
and azimuth: 

October 26, 194:4, at a transit station in Salt Lake City, Utah, in approximate 
latitude 40°45' N., and longitude 111°49' W., approximate elevation above sea 
level. 4,900 ft., at 3 h30m p. m., app. time (3h 14m p. m., 1. m. t.). I set the arcs of the 
solar unit, la~. 40°45' N., and decl. 12°38' S., and orient to the meridian, and 
determine the bearing, N. 27°06' E., to a beacon light approximately 2 miles 
distant. 

Oct. 26, 6h29m p. m., and Oct. 27, 4h39m a. m., 1. m. t., I make a 8eries of four 
equal altitude observations, including vertical angle at meridian passage, of the 
star a Arietis, No. 5/7, Mag. 2.2, for time, latitude, and azimuth, reading the 
horizontal angle from the beacon light, to the right, to the star in the p. m., and 
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to the left, to the star in the a. m., equal vertical angles having been taken. My

watch carries approximate local mean time.

Summary of results:

Watch fast of 1. m. t 0-08'

Latitude of station 40Â°44'52"

Indicated bearing of beacon ltaht N. 27Â°05'56" E.

The complete field record follows:

Greenwich m. t. star's transit, Oct. 22=llb58" p. m.

Red. to Oct. 26= -15.7

" " long. 111Â°49' W. = - 1.2

Star's transit, 1. m. t., Oct. 26=llh41.1"> p. m.

Anticipated 1. m. t. of obsn. =611 p. m.

Hour angle=82Â°30' = 5*30-

Declination of star â� = 23Â° 12.1' N.

Sin ft=cos t cos <l> cos 5+sin 4> sin J. Cos A= râ��tan <t> tan h.

cos 0 cos A

eos sin cos sin tan

<-. 1305 *=. 7567 . 8616

*=. 7567 .6528 /i=. 9375 .3712

5=. 9191 .3939 5= .3939

.0909 .2571 .7103 .7103 â��.3198

. 0909

. 5546 +. 6546

sin h= . 3480

n= 20Â°22' cosA= +.2348

= A= N. 76Â°25' E.

With the above settings, at 6hll1" p. m., 1. m. t., I find the star in good position

and proceed with a series of four equal altitude observations:

123
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to the l('ft, to the star in th(' R. m., ('(11131 ,"('rtical angles having been taken. My 
watch carries approxilllate 1(l('ul Illeall (iIllP. 

8ummary of result:;: 
Watch fast of 1. m. t___________ __ _ _ ____ _ _ _ _ _ _ _ _ _ _ _____ ____ Om08" 
Latitude of station _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 40°44' 52" 
Indicated hearing of beacon li'.!ht __________________________ N. 27°05'56" E. 

The complete fif'ld record follow,;: 

Greenwich m. t. star's transit, Oct. 22= 1lh58" p. m. 
Red. to Oct. 26= -15.7 

" 1/ long. 111°49' W. = - 1.2 

Star's transit, 1. m. t., 
Anticipated 1. m. t. of obsn. 

Hour angle = 82°30' 

Declination of star 

Oct. 26= 11 b41.1m p. m. 
- 6 11 p. m. 

Sin h=cos t cos 4> cos 6+sin 4> sin a. C A 
sin 6 

08 = tan 4> tan h. 
cos 41 cos h 

cos Bin C08 sin tan 
t-.1305 4>=.7567 .8616 

41=.7567 .6528 h=.9375 .3712 
8=.9191 .3939 8= .3939 

.0909 .2571 .7103 .7103 -.3198 
.0909 

.5546 +.5546 
BIn h= .3480 

h= 20°22' cos A= +.2348 
-- A= N. 76°25' E. 

With the above settings, at 6b llm p. m., 1. m. t., I find the star in good position 
and proceed with a series of four equal altitude observations: 
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Observn'ion

Watch time

Vertical ancle

Horizontal anple. beacon

lii.iit to star

1st p. m., Oct. 26.

6h28m58Â«

23Â°29'30"

24Â°07'30"

25Â°00'30"

26Â°15'00"

51Â°46'00" to rt.

4th a. m., Oct. 27 '.

4 53 32

105 57 30 to It.

Sum of hour angles

10h24â�¢34Â»

5 12 17

54Â°11'30" (Diff.)

Mean hour angle .

27 05 45 (M diff.)

Watch time, star's transit,

Oct. 26

11M1-15'

2nd p. m., Oct. 26

6h32Â»12Â«

4 50 16

52Â° 16' 30" to rt.

3rd a. m., Oct. 27

10C 29 00 to It.

Sum of hour angles

1 OH 8-04 â� 

5 09 02

54Â°12'30" (Diff.)

Mean hour angle

27 06 15 (% diff.)

Watch time, star's transit,

Oct. 26..

3rd p. m., Oct. 26

6h3fi=54Â»

52Â°58'00" to rt.

2nd a. m., Oct. 27.

4 45 35

107 10 00 to It.

Sum of hour angles

10M)8">41'

5 04 20

54Â°12'00" (Diff.)

Mean hour angle.

27 06 00 (H diff.)

Watch time, star's transit,

Oct. 26 L-.

ll''41Â»15'

4th p. m., Oct. 26

6>>43'Â»32Â»

4 38 54

53Â°59'00" to rt.

108 10 30 to It.

1st a. m., Oct 27

Sum of hour angles.

9h55m22"

4 57 41

54Â°11'30" (Diff.)

Mean hour angle

27 05 45 (% diff.)

Watch time, star's transit,

Oct. 26

11M1-13-

One-half differences of horizontal angles, or bearings of reference point, and

watch time of star's transit:

Bearing of reference

point

By 1st obsn. = N. 27Â°05'45" E.

" 2nd " =N. 27Â°06'15" E.

" 3rd " =N. 27Â°06'00" E.

" 4th " =N. 27Â°05'45" E.

Watch time of etar'i

transit

llh41Â»15Â» p. m.

11 41 14 p. m.

11 41 15 p. m.

11 41 13 p. m.

Mean=N. 27Â°05'56" E.

Mean^lM!""^' p. m.

Star's transit=ll 41 06 p. m.

Watch fast of 1. m. t.=

0-08"

Meridian altitude observation of the star for latitude:

Local mean time of star's transit, Oct. 26, llh41n'06Â» p. m.

Setting: 90Â°00'

i* 23 12 N.

90Â°+o^ll3Â°12'

4>* 40 45 N.

P7Â£ 72Â°27' = (90Â°+ Â«)-<*>

123
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Observ"' illn Wntd, time YE'rti(~llanJ:le 

I 
Horizontal anJ:le. heacon 

lij(ht to stllr 

1st p. m., Oct. 26 __________ (i"28m58a 23°29'30" 51 °46'00" to rt. 
4th a. m., Oct. 27 __ ..: _______ 4 53 32 105 5730 to It. 

Sum of hour anglcs _________ 10"24m34 a 54°11'30" (Ditr.) 
Mean hour anglc ___________ 5 12 17 27 0545 (~ diff.) 
Watch time, star's transit, Oct. 26 _________________ 11 b41 m I5· 

2nd p. m., Oct. 26 __________ 6b32m 12· 24°07'30" 52°16'30" to rt. 
3rd a. m., Oct. 27 __________ 4 50 16 106 2900 to It. 

Sum of hour angles _________ 10b18m04" 54° 12'30" (Ditr.) 
Mean hour anglc ___________ 5 09 02 27 06 15 (~ diff.) 
Watch t.ime, star's transit, Oct. 26 ________________ - 1lh41m 14· 

3rd p. m., Oct. 26 __________ 6b3(jm54" 25°00'30" 52°58'00" to rt. 
2nd a. m., Oct. 27 __________ 4 45 35 107 10 00 to It. 

Sum of hour angl(,!L ________ 10b08m41· 54°12'00" (Ditr.) 
Mean hour anglc ___________ 5 04 20 27 0600 (~ diff.) 
Watch time, stur's transit, 

Oct. 26 ________ :. ________ Ilh41 m 15" 
===--===-==-~ 

4th p. m., Oct. 26 __________ nh4:~m32· 26°15'00" 53° 1)9'00" to rt. 
1st a. m., Oct 27 ___________ 4 3S 54 IDS 1030 to It. 

Sum of hour anglcs _________ 9h55m 22" 54°11 '30" (Ditr.) 
Mean hour angle ___________ 4 57 41 27 0545 (~ diff.) 
Watch time, star's transit, Oct. 26 __________________ 11 b41 111 13" 

One-half differences of horizontal angles, or bearings of reference point, and 
watch time of star's transit: 

Btarinll of reference 
point 

By 1st obsn. = N. 27°05'45" E. 
II 2nd " = N. 27°06' 15" E. 
II 3rd " =N. 27°06'00" E. 
"4th II =N. 27°05'45" E. 

Mean = N. 27°05' 56" E. 

Watch time of liar', 
tran8it 

1lh41m 15" p. m. 
11 41 14 p. m. 
11 41 15 p. m. 
11 41 13 p. m. 

Mean=l1 b41m 14· p. m. 
Star's transit = 11 41 06 p. m. 

Watch fast of 1. m. t.= OmOS· 

Meridian altitude observation of the star for latitude: 
Local mean time of star's transit, Oct. 26, 11 b41m06" p. m. 

Dig ize b 

Setting: 90°00' 
~~ 23 12 N. 

900+~~ 113°12' 
q,¢ 40 45 N. 

1/ ~ 72°27' = (90° +~) - q, 
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Telescope

Watch time

Vertical angle

Direct

llh37m16Â«p. m.

11 39 35 "

11 43 22 "

72Â°28'00"

Reversed

72 27 00

Direct

72 29 00

Reversed -

11 46 42 "

72 26 00

Mean

11>>41Â»44' "

72c27'30"

Refraction (19" X .85=16")

Â«=23Â°12'0C" X.;90Â°+J

ai=40o44'52" N.= (90Â°+s)-&

h= 72Â°27'14"

= 113 12 06

= 40Â°44'52"

The above series of observations may be reduced for azimuth indi-

vidually, giving a check on the instrumental performance and the

accuracy of the observed values, as follows, using the equation:

Cos A= ; râ��tan d> tan h

cos <t> cos ft

o>=40Â°44'52" N.; S=23Â°12'06" N.

Function

1st p. m.

4th a. m.

2nd p. m.

3rd a. m.

3rd p. m.

2nd a. m.

4th p. m.

1st a. m.

Refract ion-

*.._

23Â°29'30"

-1 52

24c07':Â«)"

-1 49

25Â°00'30'

-14S

2fiÂ°l.V00"

-139

23Â°27'3S"

24Â°58'45"

2r>Â°13'21-'

â�  â� "

fin 8 - -.

. "93969

. 3939119

.39H%9

.39:1969

. 7.r"!"0

.917334

. TST.MtO

.912872

. 757590

.906461

.757590

Cos h

.897085

. fi949f>3

+. SW-92

.691583

+. 569663

. 6867.9)

+. 573692

.679623

sin t

+.579688

.(â� til WW

.433994

.Kil.Ws

.447211

.861588

.465805

.861588

Tan a

.492549

-.373924

-. 3S5312

-.401384

-. 423374

Cos A

+. ir-2968

7*Â°.i2'2Â«"

+. 1843S1

79Â°22'2Â«"

S3 18 SO

+.172308

tÂ«o04'41"

+.155314

A (From NO -

81Â°03'54"

llor. ang. p. m

SI 4B00

52 58 00

S3 59 00

N. 27Â°05'56"E.

N. 27"06'41"E.

N. 27Â°04'54"E.

105Â°57'3O"

78 62 26

lÂ«iÂ°29'00"

79 22 26

107Â°10'00"

108Â°10'30"

A (From N.)

Ml (14 41

81 03 54 -

X. 27Â°05'04"K.

N. 27Â°0R'34"E.

N. 27Â°05'19"E.

N. 27Â°06'36"E.

Mean bearing, p. m. observations =X. 27Â°05'59" E.

Mean bearing, a. m. observations =N. 27Â°05'53" E.

Mean, true bearing of beacon light =N. 27Â°05'56" E.
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Tel('$OOlll! 

---------------
1_ Watch time Vertical angle 

Direct __________________________________ _ J1 b37m 16· p. m. 72°28'00" 
72 2700 
72 2900 
72 2600 

RevrrRcd ________________________ _______ _ 
11 39 3.'> " 

D~cct ___________________________ _______ _ 
11 43 22 " 
11 46 42 II 

Revcr:,;('cl _______________________________ _ 

"f('an ________ ,_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 11 b41 m44· II 72°27'30" 
Refraction (HI" X .85= 16") 

&=23°12'06" X. ; 90°+11 

cfJ=40044'52" K.=(900+15)-h 

= -16 

h= 72°27'14" 
=113 1206 

Tho above sC'ries of observations may be reduced for azimuth indi
vidually, gh-ing a check on the instrumental performance and the 
accuracy of the observed values, as follows, using the equation: 

sin «5 
cp h -tan cp tan h ('os cos Cos A 

FltnC'tion 

R('fral"t ion _________ ___________________ _ 

l~t p . m_ 
4th R . m_ 

2nil p. m_ 
3rd II. m. 

~4eO';":~O" 

-149 

3ril p_ m. 
2n(1 a. m. 

25°00'JO" 
-145 

4th p. m. 
1st a_ m_ 

~ . . -- ----------------------------- -1 
,--------- ---:------1-------

h ________________________ ____________ ___ 1 23°Zi'3,-," 24°0.'i'4~' J:-:}4°M'45" _ _ , _~,~ ~~~~'~l" 
_--___ 1 ! 

t-In a_ ----__ __ ___ ____ ----__ -------___ _ - 1
0

_,,- ': ~~:l~~ __ 1 . ~9~~-~=_...., . 3Il:~~ _=I~~ 

.-os h___________ _____ __________________ . 9Ii:{;H .7fJi!)!W) 
.912872 

. i~7!,~w) 
• Q(ltt4r.l 

$;_084>------------- ---- ---- ------------ -1· . 7!', 7."·!1(j 

Cos 4> co.'! A. - -- - - ' - -' ---- -. -. --- - -- -- - - i . r.!l4!lf'.1 
1------1--------I 

. 71\7,,00 

.897085 

1 

.6i9623 
_ Bin a_+- r.f.fi~92 
cos <> ('().q h--.---------·------ --------- -- -----

.6!llr>83 
+. r.r.9f'.6.1 

.6,.'-'1\7' • .'6 
+.1i7ali92 +. li79flAA 

==--,=~'_~ =-__ ':C_ :=_====:===_== 
i~~ t_-_____ :::::::::::::::::::.:::::::: : ~~ :~~~~7 :~~~~ ::~~, 

--------1--------------1-----
Tan 4> tan h __________________________ _ -.373924 -.3".'i112 -.40lAA4 -.423374 

Cos A ____ ______________ ____ __ ._____ ___ +. l ~':?\'lf'~ +-11\43.~1 +. li~ +.155314 A. (From N.) _ _ _ __ _ __ __ _ _ _ _ _ _ __ __ ___ __ _ 'j'!\0f02'2f\" 19°22'26" 10(.°04'41" 81"03'64" 
lIor. ang. p . m .. __ ______ __ . _ _ __ __ __ _ _ _ _ 51 ·U' oo 52 16:10 52 1'>8 00 63 59 00 

._------1-'-------_.:-------1------
Bearing of bt-ncon Ught.. _. __ ________ _ ~ . 27cOO'26"J-;, N.27°41lI'Ii6"E. N . 27~06'41"E. N. r,°04'M''E. 

lIar. an~. R. m . _____________________ ___ , 105°57' :{()'' 
A (From N.)_________________________ is 522(; 

Dearing of beacon IIght _______________ _ :~. 2io415'41~"E . 

I 

MeaD bC'nring, p. m. obsC'rvations 
Mean bearing, a. m. observations 

1-fean, true bC'aring of beacon light 
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101;°211'00" 
ill 22 26 

1417°10'00" 
IiO 04 41 

108°141'30" 
8103 M _ 

- - ---- - ----,1------
N . 27°Oli':\4"E. ,~. 27°415'19"E. N. 27"OO'36"E. 

'==== 1==== 

= X. 27°05'59" E. 
=N. 27°05'53" E. 
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THE GEODESY OF LARGE-SCALE CADASTRAL SURVEYS

Transfer of Azimuth, Station Error and Curvature

124. When carrying forward the direction of lines through inter-

mediate transit stations by the method of forward and back sights

and deflection angles, there are two elements that require correction.

The corrections become important where the purpose is to maintain

an accuracy within a small limit of error.

Each station set-up involves more or less uncertainty in the main-

tenance of the direction of a line, or in the value of the angle that

may be turned, called "station error."

If the line is other than a meridian, its direction will have an incre-

ment of curvature; this is applied in order to convert from the forward

azimuth to the back azimuth of that same line at the next station.

As solar transit orientation is designed to give the meridian at

each station, thereby avoiding the accumulative errors of the strictly

transit methods, the corrections for station error and curvature do

not enter into the ordinary solar transit directions. However, for

the purpose of a comparison of the solar transit direction of the chord

of a long line, halj the value of the convergency of the meridians of

the two end stations is applied.

For example, figure 15, a parallel of latitude as run by solar transit

methods is a true latitudinal curve, i. e.â��a small circle of the earth,

everywhere due east or west. The transit line or chord between

any two distant points of the parallel is a great circle, whose mean

azimuth, or bearing at midpoint, is due east and west. At one end

of the chord the forward azimuth is always northeasterly (or north-

westerly) ; at the opposite end, the back azimuth will be northwesterly

(or northeasterly). At the end stations of the chord, the difference

between the forward (or back) azimuth and due east or west, will be

equal to half the value of the curvature counting from the two end

stations. At the end stations of the chord, the difference between

the forward azimuth and the back azimuth Â± 180Â° will be the full

value of the convergency of the meridians of the two end stations.

By basic law, and the Manual requirements, the directions of all

lines are stated in terms of angular measure referred to the true north

(or south) at the point of record. Therefore, after carrying a transit

line forward a considerable distance through a number of intermediate

stations, it is necessary to solve the problem of the change from the

starting direction to that at the last station. The back azimuth at the

last station Â±180Â° should equal the starting direction, plus or minus

the algebraic sum of the deflection angles, plus or minus the value of

the convergency of the meridians counting from the two end stations.

The discrepancy will be the accumulated error in the transit operations.
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THE GEODESY OF LARGE-SCALE CADASTRAL SURVEYS 

Transfer of Azimuth, Station Error and Curvature 
124. When carrying forward the direction of lines through inter

mediate transit stations by the method of forward and back sights 
and deHection angles, there are two elements that require correction. 
The corrections become important where the purpose is to maintain 
an accuracy within a small limit of error. 

Each station set-up involves more or less uncertainty in the main
tenance of the direction of a line, or in the value of the angle that 
may be turned, called "station error." 

If the line is other than a meridian, its direction will have an incre
ment of curvature; this is applied in order to convert from the forward 
azimuth to the back azimuth of that same line at the next station. 

As solar transit orientation is designed to give the meridian at 
each station, thereby avoiding the accumulative errors of the strictly 
transit methods, the corrections for station error and curvature do 
not enter into the ordinary solar transit directions. However, for 
the purpose of a comparison of the solar transit direction oj the chord 
of a long line, half the value of the convergency of the meridians of 
the two end stations is applied. 

For example, figure 15, a parallel of latitude as run by solar transit 
, methods is a true latitudinal curve, i. e.-a small circle of the earth, 

everywhere due east or west. The transit line or chord between 
any two distant points of the parallel is a great circle, whose mpan 
azimuth, or bearing at midpoint, is due east and west. At one end 
of the chord the forward azimuth is always northeasterly (or north
westerly); at the opposite end, the back azimuth will be northwesterly 
(or northeasterly). At the end stations of the chord, the difference 
between the forward (or back) azimuth and due east or west, will be 
equal to half the value of the curvature counting from the two end 
stations. At the end stations of the chord, the difference between 
the forward azimuth and the back a:z.imuth ± 1800 will be the full 
value of the convergency of the meridians of the two end stations. 

By basic law, and the Manual requirements, the directions of all 
lines are stated in terms of angular measure referred to the true north 
(or south) at the point of record. Therefore, after carrying a transit 
line forward a considerable distance through a number of intermediate 
stations, it is necessary to solve the problem of the change from the 
starting direction to that at the last station. The back azimuth at the 
last station ± 180 0 should equal the starting direction, plus or minus 
the algebraic sum of the deHection angles, plus or minus the value of 
the convergency of the meridians counting from the two end stations. 
The discrepancy will be the accumulated error in the transit operations. 
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150 MANUAL OF SURVEYING INSTRUCTIONS

The first step is to make dependable azimuth observations at the

two end stations; then compare the values, allowing for the con-

vergency of the meridians of the end stations. The difference that

remains is the accumulative error. The latter value, in terms of

seconds, may be divided by the number of the intermediate stations;

the quotient is the accumulative error per station, or just "station

error". The latter should be distributed according to the number of

the intermediate stations.

The total curvature, or correction for convergency, is an element of

the departure between the end stations, and of the mean latitude. It

is tabulated in the Standard Field Tables, for the value in angular

measure for a departure oj 6 miles, or 480 chains, for each degree of

latitude; table 11. Sections 129 and 130. It is often convenient to

convert the curvature to a value for a departure of 100 chains, for

proportional reduction to other distances. The whole convergency

should be distributed in proportion to the departure oj each, course, or

interval between the turns in direction.

A transit line running easterly will curve to the right in bearing

angle, thus increasing a northeasterly bearing, or decreasing a south-

easterly bearing. A transit line running westerly will curve to the

left in bearing angle, thus increasing a northwesterly bearing, or

decreasing a southwesterly bearing.

When computing latitudes and departures, and transferring a geo-

graphic position by means of a long connecting line, the mean azimuth

should be employed for the direction of the line, i. e.â��the mean

between the forward azimuth and the back azimuth Â±180Â°. That

azimuth or bearing angle will be the direction of the chord of the great

circle that passes through the ends of the connecting line.

Where the transfer of azimuth is by triangulation, a check is

secured by the closure of each triangle, and by the reductions of the

lengths of the fines.

The angles employed for the calculations of the lengths of lines,

will be the differences in the directions between the two forward

azimuths at each station.

The sum of the three angles should close to 180Â° within the allow-

able tolerance.

The mean course of any side (actually the mean bearing of the

chord) will be the mean between the forward and the back azimuth

Â±180Â° of that line.

The correction for curvature of the longest line in easting or westing

in any triangle should equal the sum of the corrections for curvature

of the other two sides.
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The first step is to make dependable azimuth observations at the 
two end stations; then compare the values, allowing for the con
vergency of the meridians of the end stations. The difference that 
remains is the accumulative error. The latter value, in terms of 
seconds, may be divided by the number of the intermediate stations; 
the quotient is the accumulative error per station, or just "station 
error". The latter should be distributed according to the number of 
the intermediate stations. 

The total curvature, or correction for convergency, is an element of 
the departure between the end stations, and of the mean latitude. It 
is tabulated in the Standard Field Tables, for the value in angular 
measure for a departure oj 6 miles, or 480 chains, for each degree of 
latitude; table 11. Sections 129 llnd 130. It is often convenient to 
convert the curvature to a value for a departure of 100 chains, for 
proportional reduction to other distances. The whole convergency 
should be distributed in proportion to the departure oj each course, or 
interval between the turns in direction. 

A transit line running easterly will curve to the right in bearing 
angle, thus increasing a northeasterly bearing, or decreasing a south
easterly bearing. A transit line running westerly will curve to the 
left in bearing angle, thus increasing a northwesterly bearing, or 
de~reasing a southwesterly bearing. 

When computing latitudes and departures, and transferring a geo
graphic position by means of a long connecting lin<', the mean azimuth 
should be employed for the direction of the line, i. e.-the mean 
between the forward azimuth and the back azimuth ± 180°. That 
azimuth or bearing angle will be the direction of the chord of the great 
circle that passes through the ends of the connecting line. 

Where the transfer of azimuth is by triangulation, a check is 
secured by the closure of euch triangle, and by the reductions of the 
lengths of the lines. 

The angles employed for the calculations of the lengths of lines, 
will be the differences in the directions between the two forward 
azimuths at each station. 

The sum of the three angles should close to 1800 within the allow
able tolerance. 

The mean course of any side (actually the mean bearing of the 
chord) will be the mean between the forward and the back azimuth 
± 180° of that line. 

The correction for curvature of the longest line in easting or westing 
in any triangle should equal the sum of the corrections for curvature 
of the other two sides. 
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so

IAT.34'09'S9.870"

J-0/VGL98Â°5(/30.797'

I'SO"

LAT36'OT5a469"

LO/V6.98Â°49'06.662"

In checking the lengths of lines, the reduction of the longest line in

northing or southing in any triangle should equal the sum of the

northing or southing of the other two sides.

The distances in departure must be reduced first to the mean

position in latitude of each side.

A check is secured by reducing each departure to a common position

in latitude. In this reduction, the amount to be added to or sub-

tracted from each departure is equal to the amount of the distance

along the meridian between the two latitudinal lines at the transfer,

multiplied by the tangent of the angle of convergency.

After reducing to a common latitude, the departure of the longest

line in easting or westing in any triangle should equal the sum of the

departures of the other two.
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In checking the lengths of lines, the reduction of the longest line in 
northing or southing in any triangle should equal the sum of the 
northing or sou thing of the other two sides. 

The distances in depnrture must be reduced first to the mean 
position in latitude of each side. 

A check is secured by rcdu~ing each departure to a common position 
in latitude. In this reduction, the amount to be added to or sub
tracted from each departure is equal to the amount of the distance 
along the meridian between the two latitudinal lines at the transfer, 
multiplied by the tangent of the angle of convergency. 

After reducing to a common latitude, the departure of the longest 
line in easting or westing in any triangle should equal the sum of the 
departures of the other two. 
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The 1-minute transit, carefully handled, is capable of holding the

station error to under 10" per station, or oven to about half that

amount if the nature of the survey requires a very high degree of

accuracy, and justification for the consequent needed increase in care.

This will involve all necessary refinements in the observing, and in

the fine work, and that all calculations be carried to seconds, even

though the final results may be shown only to the nearest 30",

15", or 10".

A tolerance equal to the above limiting values should be allowed.

Where the survey is executed with the 1-minute transit, including

the due exercise of all necessary care, it is regarded as inappropriate

to represent a final value closer than to the nearest 30", 15", or 10",

by the calculations. These limits are of course very small for verifi-

cation by an equally competent observer, using an equally good one-

minute transit, a comparable observing program, and the approved

methods for all necessary steps.

A tolerance of 10" in the direction of a line calls for a measurement

that is good to within 1:20,000; 15", to within 1:13,333; 30", to

within 1:6,667; 1'00", to within 1:3,333; 1'30" (the Manual toler-

ance for solar transit orientation) to within 1:2,300. This com-

parison will emphasize the point that in land-surveying practice,

and particularly in the subdivision of large areas as in the rectangular

survey of the public lands, more stress should be placed on accuracy

of measurement if those values are to be as good as the values re-

quired in the direction of lines. Section 234.

The True Parallel of Latitude

125. The base lines and standard parallels of the rectangular system

are established on the true parallel of latitude; the random latitudinal

township boundary lines are also projected on the same curve; this

curve is defined by a plane at right angles to the earth's polar axis

cutting the earth's surface on a small circle. At every point on the

true parallel the curve bears due east and west, the direction of the

line being at right angles to the meridian at every point along the line.

Two points at a distance of 20 chains apart on the same parallel of

latitude may be said to define the direction of the curve at either

point, without appreciable error, but the projection of a line so

defined in either direction, easterly or westerly, would describe a

great circle of the earth gradually departing southerly from the true

parallel. The great circle tangent to the parallel at any origin or

reference point along the parallel is known as the "tangent to the

parallel," and it is coincident with the true latitude curve only at the

point of origin. The rate of the change of the azimuth of the tangent

is a function of the latitude on the earth's surface. The azimuth of
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The I-minute transit, carefully handled, is capable of holding the 
station error to under 10" per station, or even to about half that 
amount if the nature of the survey requires a very high degree of 
accuracy, and justification for the consequent needed increase in care. 
This will involve all necessary refinements in the observing, and in 
the line work, and that all calculations be carried to seconds, even 
though the final results may be shown only to the nearest 30", 
15", or 10". 

A tolerance equal to the above limiting values should be allowed. 
Where the survey is executed with the I-minute transit, including 
the due exercise of all necessary care, it is regarded as inappropriate 
to represent a final value closer than to the nearest 30",15", or 10", 
by the calculations. These limits are of course very small for verifi
cation by an equally competent observer, using an equally good one
minute transit, a comparable observing program, and the approved 
methods for all necessary steps. 

A tolerance of 10" in the direction of a line calls for a measurement 
that is good to within 1: 20,000; 15", to within 1: 13,333; 30", to 
within 1: 6,667; 1 '00", to within 1: 3,333; 1'30" (the Manual toler
ance for solar transit orientation) to within 1: 2,300. This com
parison will emphasize the point that in land-surveying practice, 
and particularly in the subdivision of large areas as in the rectangular 
survey of the public lands, more stress should be placed on accuracy 
of measur('ment if those values are to be as good as the values re
quired in the direction of lines. Section 234. 

The True Para lIel of Latitude 

125. The base lines and standard parapels of the rectangular system 
are established on the true parallel of latitude; the random latitudinal 
township boundary lines are also projected on the same curve; this 
curve is defined by a plane at right angles to the earth's polar axis 
cutting the earth's surface on a small circle. At every point on the 
true parallel the curve bears due east and west, the direction of the 
line being at right angles to the meridian at every point along the line. 
Two points at a distance of 20 chains apart on the same parallel of 
latitude may bo said to define the direction of the curve at either 
point, without appreciable error, but the projection of a line so 
defined in either direction, easterly or westerly, would describe a 
great circle of the earth gradually departing southerly from the true 
parallel. The great circle tangent to the parallel at any origin or 
reference point along the parallel is known as the "tangent to the 
parallel," and it is coincident with the true latitude curve only at the 
point of origin. The rate of the change of the azimuth of the tangent 
is a function of the latitude on the earth's surface. The azimuth of 

124 
Dig ize b 

Original from 
UNIVERSITY OF INNESOTA 



INSTRUMENTS AND METHODS 153

the tangent varies directly as the distance from the origin, and the

offset distance from the tangent to the parallel varies as the square

of the distance from the point of tangency. A great circle connecting

two distant points on the same latitude curve has the same angle

with the meridian at both points and the azimuth of such a line at

the two points of intersection is a function of one-half the distance

between the points.

There are three general methods of establishing a true parallel of

latitude which may be employed independently to arrive at the same

result: (1) The solar method; (2) the tangent method; and, (3) the

secant method.

Solar Method

126. The solar instruments are capable of following the true parallel

of latitude without substantial offsets. If such an instrument, in

good adjustment, is employed, the true meridian may be determined

by observation with the solar at each transit point. A turn of 90Â°

in either direction then defines the true parallel, and if sights are

taken not longer than from 20 to 40 chains distant, the line so estab-

lished does not appreciably differ from the theoretical parallel of

latitude. The locus of the resulting line is a succession of points

each one at right angles to the true meridian at the previous station.

However, during a period each day the solar is not available, and dur-

ing this time, also whenever the .sun may be obscured by clouds, or

on account of a disturbance of the adjustments of the solar attach-

ment, and whenever an instrument without solar attachment is

employed, reference must be made to a transit line from which to

establish the true latitude curve by one of the following methods.

Tangent Method

127. The tangent method of determination of the true latitude

curve consists in establishing the true meridian at the point of begin-

ning, from which a horizontal deflection angle of 90Â° is turned to the

east or west, as may be required, and the projection of the line thus

determined is called the tangent. The tangent is projected 6 miles

in a straight line, and as the measurements are completed for each

corner point, proper offsets are measured north from the tangent to

the parallel, upon which line the corners are established.

In table 12, Standard Field Tables, are given the bearing angles

or azimuths of the tangent to the parallel, referred to the true S.

point, tabulated for any degree of latitude from 25Â° to 70Â° N., for the

end of each mile from 1 to 6 miles. At the point of beginning the

tangent bears east or west, but as the projection of the tangent is

continued the deviation to the south increases in accordance with

rules already stated.

700004*â��4T 11
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the tangent varies directly as the distance from the origin, and the 
offset distance from the tangent to the parallel varies as the square 
of the distance from the point of tangency. A great circle connecting 
two distant points on the same latitude curve has the same angle 
with the meridian at both points and the azimuth of such a line at 
the two points of intersection is a fUIlction of one-half the distance 
between the points. 

There are three general methods of establishing a true parallel of 
latitude which may be employed independently to arrive at the same 
result: (1) The solar method; (2) the tangent method; and, (3) the 
secant method. 

Solar Method 
126. The solar instruments are capable of following the true parallel 

of latitude without substantial offsets. If such an instrument, in 
good adjustment, is employed, the true meridian may be determined 
by observation with the solar at each transit point. A turn of 90 0 

in either direction then defines the true parallel, and if sights are 
taken not longer than from 20 to 40 chains distant, the line so estab
lished does not appreciably differ from the theoretical pnrall~J of 
latitude. The locus of the resulting line is a succession of points 
each one at right angles to the true meridian at the previous station. 
However, during a period each day the soln,r is not available, and dur
ing this time, also whenever the .sun may be obscured by clouds, or 
on account of a disturbance of the adjustments of the solar attach
ment, and whenever an instrument without solar attachment is 
employed, reference must be made to a transit line from which to 
establish the true latitude curve by one of the following methods. 

Tangent Method 

127. The tangent method of determination of the true latitude 
curve consists in establishing the true meridian at the point of begin
ning, from which a horizontal deflection angle of 90 0 is turne~ to the 
east or west, as may be required, and the projection of the line thus 
determined is called the tangent. The tangent is projected 6 miles 
in a straight line, and as the measurements are completed for each 
corner point, proper offsets are measured north from the tangent to 
the parallel, upon which line the corners are ('stablished. 

In table 12, Standard Field Tables, are given the bearing angles 
or azimuths of the tangent to the parallel, referred to the true S. 
point, tabulated for any degree of latitude from 25 0 to 70 0 N., for the 
end of each mile from 1 to 6 miles. At the point of beginning the 
tangent bears east or west, but as the projection of the tangent is 
continued the deviation to the south increases in accordance with 
rules already stated. 
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In table 13, Standard Field Tables, are shown the various offsets

from the tangent north to the parallel, tabulated for any degree of

latitude from 25Â° to 70Â° N., for each half mile from % to 6 miles.

The accompanying diagram illustrates the establishment of a

standard parallel in latitude 45Â°34'.5 N., by the tangent method.

See fig. 14. The form of record is shown in the specimen field notes,

Manual Appendix VIII.

Objection to the use of the tangent method in a timbered country

is found owing to the requirement that all blazing is to be made on

the true surveyed lines. Also, all measurements to items of topog-

raphy entered in the field notes are to be referred to the true estab-

lished fines. These objections to the tangent method, on account of

the increasing distance from the tangent to the parallel, are largely

removed in the secant method.

Secant Method

128. The designated secant is a great circle which cuts any true

parallel of latitude at the first and fifth mile corners, and is tangent to

an imaginary latitude curve at the third mile point. From the

point of beginning to the third mile corner the secant has a north-

easterly or northwesterly bearing; at the third mile corner the secant

bears east or west; and from the third to the sixth mile corners the

secant has a southeasterly or southwesterly bearing, respectively,

depending upon the direction of projection, east or west. From the

point of beginning to the first mile corner and from the fifth to the

sixth mile corners the secant lies south of the true parallel, and from

the first to the fifth mile corners the secant lies north of the true

parallel. It will thus be seen that the secant method is a mere

modification of the tangent method, so arranged that the minimum

offsets can be made from the projected transit line to the established

true parallel of latitude.

The secant method of determination of the true latitude curve con-

sists in establishing the true meridian at a point south of the begin-

ning corner a measured distance taken from the table, from which

meridian the proper horizontal deflection angle, as taken from the

table, is turned to the northeast or northwest to define the secant.

The secant is projected 6 miles in a straight line, and as the measure-

ments are completed for each corner point, proper offsets are meas-

ured, north or south, from the secant to the parallel, upon which

parallel the corners are established.

In table 14, Standard Field Tables, are given the bearing angles or

azimuths of the secant, referred to the true N. point for the first 3

miles, and the same symmetrical bearing angles or azimuths referred

128
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to the true S. point for the last 3 miles, tabulated for any degree of

latitude from 25Â° to 70Â° N., for the end of each mile from 0 to 6

miles.

In table 15, Standard Field Tables, are shown the various offsets

from the secant to the parallel, tabulated for any degree of latitude

from 25Â° to 70Â° N., for each half mile from 0 to 6 miles.

The accompanying diagram illustrates the establishment of a

standard parallel in latitude 45Â°34'.5 N. by the secant method. See

fig. 15. The form of record is shown in the specimen field notes, Man-

ual Appendix VIII.

The secant method is recommended for its simplicity of execution

and proximity to the true latitude curve, as all measurements and

cutting by this method are substantially on the true parallel.

Convergence of Meridians

129. The linear amount of the convergency of two meridians is a

function of their distance apart, of the length of the meridian between

two reference parallels, of the latitude, and of the spheroidal form

of the earth's surface.

The following equation is convenient for the analytical compu-

tation of the linear amount of the convergency on the parallel, of

two meridians any distance apart, and any length. The correction

for convergency in any closed figure is proportional to the area, and

may be computed from an equivalent rectangular area:

"m\": Measurement along the parallel,

"m/': Measurement along the meridian.

"a": Equatorial radius of the earth=3963.3 miles.

"e": Factor of eccentricity, log e=8.915 2515.

"dm\": Linear amount of the convergency on the parallel, of two

meridians distance apart "wn," and length "m*" along

the meridian: "dm\", "m\", "m/' and "a" to be expressed

in the same linear unit:

dm\=â��^â��^tan 4>^l â��e2 sins <f>

Example of computation of the convergency of two meridians 24

miles long and 24 miles apart in a mean latitude of 43Â° 20':

nat 1=1. 0000000

log e =a 915 2515

" " =& 915 2515

" sin 43Â° 20' =9. 836 477

' =9. 836 477
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" eÂ»sin>* =7.503 457

nat" " "

â��

0. 0031875

" (l-eÂ»sinÂ»

log" " "

*)

tt 0968125

= 9. 998 614

"Vl-Â«'sin

" tan 43Â°

" 24

=9. 999 307

=9. 974 720

= 1.380 211

= 1.380 211

= 1.903 090

M it

20'

" 80Â»

" product

" 3963. 3

=4 637 539

=a 598 057

"dmx

nat "

= 1.039 482

10. 9517 chs.

The convergency, measured on the parallel, of two meridians 24

miles apart and 24 miles long, in a mean latitude of 43Â° 20', is there-

fore found to be 10.95 chains. The convergency of the east and west

boundaries of a regular township in the same latitude would be equal

to one-sixteenth of the convergency of the east and west boundaries

of the quadrangle as computed above, or 68.44 links, which agrees

with the value taken from table 11 of the Standard Field Tables.

130. In table 11, Standard Field tables, are tabulated the linear

amounts of the convergency of meridians, 6 miles long and 6 miles

apart, for each degree of latitude from 25Â° to 70Â° N., together with

the angle of convergency of the same meridians. These amounts of

linear convergency are at once the proper corrections to apply to the

north boundary of a regular township in the computation of the

closing error around a township, or other computation by which a

theoretical length of a north or south boundary of a township is com-

pared with the length of the opposite boundary; the tabulated linear

amounts of convergency are equal to double the amounts of the offsets

from a tangent to the parallel at 6 miles for the same latitudes.

Simple interpolation may be made for any intermediate latitude, and

the amount of the convergency for a fractional township or other

figure may be taken in proportion to the tabulated convergency as

the fractional area is to 36 square miles.

The tabulated angle of convergency represents at once the deviation

in azimuth of the tangent from the parallel at 6 miles; and %, %, %, %,

and % of the tabulated angles of convergency represent at once the

amounts of the correction in the bearing of meridional section lines

to compensate for convergency within a township.

< This factor Is introduced here for the purpose of conversion from the unit expressed in miles to the unit

expressed In chains.
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In the same table are given the differences of longitude for 6 miles

in both angular and time measure, also the differences of latitude,

for 1 or 6 miles, in angular measure, in the various tabulated latitudes.

131. In the plan of subdivision of townships the meridional section

lines are established parallel to the east boundary or other governing

line; this necessitates a slight correction on account of the angular

convergency of meridians. Meridional section lines west of the

governing line are deflected to the left of the bearing of the governing

line the amount shown in the second part of table 2, Standard Field

Tables, which is entered under two arguments: (1) latitude, and (2)

distance from the governing line. Meridional section lines east of a

governing boundary are given the same amount of correction for

bearing, but the deflection is made to the right.

Lengths of Arcs of the Earth's Surface

132. All computations involving a difference of latitude for a

given measurement along a meridian or the converse calculation, or

other computations involving a difference of longitude for a given

measurement along a parallel or a similar converse calculation, are

readily accomplished by the use of the values given in table 16,

Standard Field Tables; this table gives the lengths in miles and

decimal part of a mile of one degree of longitude measured on the

parallel, and the lengths in miles of one degree of latitude measured

on the meridian, for any latitude from 25Â° to 70Â° N.

The above tabulated values may be reduced to miles and chains,

or to chains or feet, as convenient. In taking out lengths of degrees

of longitude measured on the parallel an exact linear interpolation

may be made, and in taking out lengths of degrees of latitude meas-

ured on the meridian the value should be taken out for the mean

position in latitude of that portion of the meridian whose length it

is desired to compute.

Geographic Positions

133. A different method of computation is better suited to the

determination of geographic position in the relatively short transfers

from an established point to another station in the same vicinity.

In this, the accepted values are the latitude and longitude of the geo-

detic station, currently referred to as those that are based upon the

1927 North American Datum, United States Coast and Geodetic

Survey. The established stations of the United States Geological

Survey are employed for the same purpose. The problem is to

transfer those values to a monument of the public-land survey.
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The reference may be by a direct tie or connecting line, by traverse

lines, or by traverse coupled with one or more miles of the rectangular

survey. In the great majority of cases (public land surveys) the most

convenient method is by the reduction of the connecting line, or lines,

to the equivalent latitudes and departures.

Some of the lines may be relatively short, with little difference

between the forward and the back azimuth. Some may require

correction for curvature. Some of them if taken from the field-note

record for direction and length, just as run in the usual manner, may

not have the high degree of accuracy that is required if the transfer of

geographic position is to retain the refinement of the geodetic station.

In practical application, however, the usual purpose is to ascertain a

latitude and longitude for the monument of the public land survey

that may be sufficiently good for mapping, reference, and other

ordinary use excluding significance as a geodetic control station.

The tables best suited to the purpose are known as the "M" and

"P" factors, relating as they do to the measurements along the merid-

ian and along the parallel.4

The differences in latitude are computed first. The "M" factor

of the table is taken out for the connecting line, or lines. The northing

or southing of the connecting line, or lines, which is the reduced

distance in latitude, measured in the chains unit, is multiplied by the

"M" factor; the product is the number of seconds of arc in latitude, or

the difference in latitude between the points. This result, added to,

or subtracted from, the latitude of the geodetic station, gives the

latitude of the monument to which the connection has been made.

The "P" factor, or factors, is then taken out with care as to the

interpolation in latitude, as this factor changes rapidly. The "P"

factor, or factors, should be interpolated in each case for the mean

latitude of each important element of the connecting lines (explanation,

next paragraph). The easting or westing of each element of the

connecting lines, which is the reduced distance in departure, is multi-

plied by the "P" factor; the product is the number of seconds of arc

in longitude, or the difference in longitude, between the points of that

element. The sum of the reductions gives the whole difference in

longitude between the initial and the closing point. The result, added

to, or subtracted from, the longitude of the geodetic station, gives the

longitude of the monument to which the connection has been made.

A meridional line, true north or south, or with small bearing angle

from the meridian, may be regarded as relatively unimportant, in the

* Factors for the Interconversion of Latitudes and Departures In Feet and Differences of Latitude and

Longitude in Seconds for Latitudes 25Â° to SO": U. S. Geological Survey. A condensed form is proposed for

inclusion in tbe Standard Field Tables, which will give the conversion from ordinary latitudes and departures

in chains measurement to seconds of latitude and longitude.
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9

sense that a meridian has no change in longitude. A line with a very

small bearing angle from the meridian, such as the usual meridional

lines of a township subdivision, themselves made parallel to the east

boundary of the township, itself a meridian, has a departure that is

measured in links only. If desirable, or convenient to do so, the latter

may, for the purpose of computation, be added to the easting or west-

ing of one of the adjoining lines. If that is done in combination as

suggested, the "P" factor is taken out for the mean latitude of the

principal easting or westing element, disregarding the difference in

latitude of the meridional line.

East and west lines of any considerable length, such as miles and

half-miles, should be computed as separate elements. Traverse

courses that have the same general direction may be combined into

one element, for which the "P" factor should be taken out for the

mean latitude oj that element.

Example: Manual Appendix II.
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164 MANUAL OF SURVEYING INSTRUCTIONS

GENERAL SCHEME

134. For the purpose of administration or disposal of the public

domain, the law provides generally that (a) the public lands of the

United States shall be divided by lines intersecting true north and ,

south at right angles so as to form townships 6 miles square, (b) the

townships shall be marked with progressive numbers from the begin-

ning, (c) the townships shall be subdivided into 36 sections, each 1

mile square and containing 640 acres as nearly as may be, and (d) the

sections shall be numbered, respectively, beginning with the number 1

in the northeast section, and proceeding west and east alternately

through the township with progressive numbers to and including 36

(K. S. sec. 2395; 43 U. S. C. sec. 751).

In accordance with the foregoing legal requirements, the public

lands of the United States are surveyed under the method known as

the system of rectangular surveys which embraces the following

procedure:

1. The establishment of independent initial points, each to serve

as an origin for surveys to be extended in separated localities.

2. The survey of principal meridians and base lines, originating at

the initial points.

3. The establishment of guide meridians initiated at base lines,

and of standard parallels initiated at principal meridians, at intervals

sufficiently near each other to maintain a practical workable adherence

to the legal definition of the primary unit, the township 6 miles square.

4. The subdivision of the townships into 36 sections by running

parallel lines through the township from south to north and from east

to west at distances of 1 mile.

By law, (a) the corners marked in public land surveys shall be

established as the proper corners of sections, or of the subdivisions

of the sections, which they were intended to designate, and (6) the

boundary lines actually run and marked shall be and remain the

proper boundary lines of the sections or subdivisions for which they

were intended, and the lengths of these lines as returned shall be

held as the true length thereof (R. S. sec. 2396; 43 U. S. C. sec. 752).

From the foregoing it is evident that the original corners must stand

as the true corners they were intended to represent, even though

not exactly where professional care might have placed them in the

first instance. Missing corners must be. reestablished in the identical

positions they originally occupied, and when the positions cannot be

determined by existing monuments or other verifying evidence, resort

must be had to the field notes of the original survey. The law pro-

vides that the lengths of the lines, as returned in the field notes, shall

be held as the true lengths, and the distances between identified
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corner positions given in the field notes constitute proper data from

which to determine the position of a lost corner; hence, the rule that

lost corners are restored at distances proportionate to the original

measurements between identified positions. Chapter V, Restoration

of Lost Corners.

The extension of the rectangular system of public land surveys

over the public domain in the United States, as the need developed,

has been in progress over 150 years and is gradually approaching com-

pletion. This vast and comprehensive rectangular survey net pro-

vides a simple and certain form of land identification and legal

description, and anchors in place the land of the public domain.

Title to the public lands is based upon the rectangular system and

should not be confused or obscured unnecessarily by supplemental

records of surveys alien in character.

135. The townships will be numbered to the north or south com-

mencing with number 1 at the base line, and with range numbers to

the east or west beginning with number 1 at the principal meridian.

The 36 sections into which a township is subdivided are numbered

commencing with number 1 in the northeast section of the township,

proceeding thence west to section 6, thence south to section 7, thence

east to section 12, and so on, alternately, to number 36 in the south-

east section. In the case of townships containing less than 36 sections,

the numbering of sections is accomplished as explained in sec. 213.

136. The specimen field notes will serve to illustrate the method of

running fines to form quadrangles 24 miles square; the method of

running the exterior lines of townships; and the method of subdividing

regular townships. The methods here presented are designed to in-

sure a full compliance with every practicable requirement, meaning

and intent of the surveying laws. Appendix VIII.

137. Section lines are usually surveyed from south to north and

from east to west, in order to place the excess or deficiency of measure-

ment on the north and west sides of the townships. In cases where

the west or the north boundary of a township is within limits as to

alinement (sec. 162) to serve as a basis for rectangular subdivision,

and the opposite. lino is defective, the section lines may bo run from

the west or north when the procedure is approved by the appropriate

administrative officer. For convenience, the satisfactorily surveyed

fines on which subdivisions are to be based will be termed the govern-

ing boundaries of the township. In extreme cases an irregular town-

ship may be without a single governing boundary.

In the sections that follow the first explanations are witfi respect to

ideal procedure in the rectangular plan. There follow then many

explanations why the plan must be modified in various ways in order

to begin new work, held to strict limits for rectangularity and closure,
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where the initial and closing lines already established by prior survey,

are found not to qualify under the current specifications. The

established lines can not now be changed because of the passing of

titles based thereon. The purpose is to avoid the incorporation of the

discovered discrepancies of the older lines in the running of new

original surveys where the current specifications are to be adhered to.

The further objective is to return to "normal" procedure in those

many places of the older surveys where there were departures or

exceptions made in the rectangular plan. Sec. 8. The explanations

here are entirely apart from, and have no place in the Manual text

on resurveys, chapter VI.

INITIAL POINTS

138. The establishment of initial points, principal meridians and

base lines from which the lines of the public surveys are extended,

have been completed in the United States. Initial points will be

established in Alaska, whenever necessary to control large areas with-

in reasonable geographical limitations, under such special instructions

as may be prescribed by the Director, Bureau of Land Management.

Upon the establishment of an initial point, its position in latitude and

longitude is to be determined by accurate field astronomical methods.

During the period since the organization of the system of rectangu-

lar surveys, numbered and locally named principal meridians and

base lines have been established as shown by the accompanying

tabular exhibit. These bases and meridians may be found by examin-

ing the large wall map of the United States published by the Bureau

of Land Management; they are also shown upon the various official

State maps, and upon a special map entitled "United States, Showing

Principal Meridians, Base Lines, and Areas Governed Thereby."

139. The latitudes and longitudes given in the following table are

based upon the best available information, having been derived from

connections to nearby stations whose geographic positions are known.

In some cases, notably the Fourth Principal, Illinois; Navajo; Second

Principal; and Third Principal, the record of the subsisting public

land surveys was adopted in computing the geographic values of the

initial points. In such cases the tabulated values are reliable within

the limits of accuracy of the record on which the computations are

based. The coordinates of the several reference meridians governing

the earliest public land surveys in Ohio can not be tabulated con-

veniently.

The following explanatory comments will clarify the tabulated

statement.

As the result of contending claims of Ohio and Michigan as to the

boundary between those states, the position of that boundary was
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not finally settled until Michigan was admitted into the Union in

1837. Prior to that time the surveys in the southern portion of the

area governed by the Michigan Meridian had been executed and

extended to the position for the state boundary as claimed by Michigan.

Subsequent to the establishment of the state boundary tbe public land

surveys were closed upon that boundary; the lands originally sur-

veyed under the Michigan Meridian and situated south of the state

boundary continue to be governed by the Michigan Meridian although

administered within the State of Ohio.

A somewhat similar situation exists in southern Alabama where the

surveys based upon the Tallahassee Meridian in Florida were closed

upon the St. Stephens Base Line owing to uncertainty as to the posi-

tion of the state boundary. The state boundary as originally surveyed

by Andrew Ellicott in 1798 was later resurveyed and the necessary

amended closings of the public land surveys on that line was accom-

plished. This has resulted in some lands governed by the Tallahassee

Meridian being administered in the State of Alabama. The Talla-

hassee base line was extended west from the initial point to the west

boundary of R. 18 W.; at this point the base line was offset north

six miles and extended west from that point to avoid Choctawhatchee

Bay and other bays and inlets of the Gulf of New Mexico.

The Navajo Meridian originally governed public land surveys in

northwestern New Mexico and northeastern Arizona. However,

only a few townships governed by that meridian were surveyed in

the State of New Mexico and no disposals based on those surveys

were made. The Navajo Meridian and the surveys based thereon

in the State of New Mexico were canceled by letter of the Commis-

sioner of the General Land Office dated July 28, 1936, in the interest

of regularity and uniformity of surveying procedure in that state.

It will be noted that, in the tabulation of the principal meridians,

a different value is assigned for the longitude of the initial point of

the 4th Principal Meridian governing surveys in Illinois from that

governing surveys in Minnesota and Wisconsin. This is accounted

for by accumulated errors in the alinement of the 4th Principal

Meridian as originally surveyed in 1831, particularly through that

portion of the line which was carried as a blank line across a large

bend in the Mississippi River. It is to be assumed that the longitude

of the 4th Principal Meridian in the State of Illinois, north of the

Mississippi River, is substantially the same as that published for

Wisconsin.

The rectangular system of the survey of public lands was initiated

in the State of Ohio. In its early stages the system was somewhat

experimental and that State may well be referred to as the proving

ground for the present rectangular system of surveys. The east
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Meridians and base lines of the United States Bectangular Surveys

Meridians

Governing surveys (wholly or in

part) in States ofâ��

Longitude of initial

points west from

Greenwich

Latitude of

initial points

Black Hills

Boise

Chickasaw

Choctaw

Cimarron

Copper River..

Fairbanks

Fifth Principal-

South Dakota.

Idaho

Mississippi

do

First Principal

Fourth Principal

Do

Gila and Salt River...

Humboldt

Huntsville

Indian

Louisiana

Michigan

Mount Diablo

Navajo

New Mexico Principal _

Principal

Salt Lake

San Bernardino

Second Principal

Seward

Sixth Principal

St. Helena

St. Stephens

Tallahassee

Third Principal.

Uintah

Ute.

Washington

Willamette

Wind River

Oklahoma

Alaska

do.._. ...

Arkansas, Iowa, Minne-

sota, Missouri, North

Dakota, and South

Dakota.

Ohio and Indiana

Illinois '

Minnesota and Wisconsin.

Arizona

California

Alabama and Missisippi..

Oklahoma

Louisiana

Michigan and Ohio

California and Nevada

Arizona

Colorado and New Mexico.

Montana

Utah

California

Illinois and Indiana

Alaska

Colorado, Kansas, Ne-

braska, South Dakota,

and Wyoming.

Louisiana

Alabama and Mississippi.

Florida and Alabama

Illinois

Utah â��

Colorado

Mississippi

Oregon and Washington ..

Wyoming

104 03 16

116 23 35

89 14 47

90 14 41

103 00 07

145 18 13

147 38 26

91 03 07

84 48 11

90 27 11

90 25 37

112 18 19

124 07 10

86 34 16

97 14 49

92 24 55

84 21 53

121 54 47

108 31 59

106 53 12

111 39 33

111 53 27

116 55 17

86 27 21

149 21 24

97 22 08

91 09 36

88 01 20

84 16 38

89 08 54

109 56 06

108 31 59

91 09 36

122 44 34

108 48 49

43 59 44

43 22 21

35 01 58

31 52 32

36 30 05

61 49 21

64 51 50

34 38 45

40 59 22

40 00 50

42 30 27

33 22 38

40 25 02

34 59 27

34 29 32

31 00 31

42 25 28

37 52 54

35 44 56

34 15 35

45 47 13

40 46 11

34 07 20

38 28 14

60 07 36

40 00 07

30 59 56

30 59 51

30 26 03

38 28 27

40 25 59

39 06 23

30 59 56

45 31 11

43 00 41

! The numbers are carried to fractional township 29 north in Illinois, and are repeated in Wisconsin, begin-

ning with the south boundary of the State; the range numbers are given in regular order.

boundary of Ohio, north of the Ohio River, known as Ellicott's Line,

in longitude 80Â°32'20" was employed as the first reference meridian.

From this meridian the ranges were numbered progressively westward,

and the townships numbered progressively northward from the Ohio

River in each range. Many other reference meridians and base lines

were employed in the State of Ohio to govern particular areas for

purposes of disposal. In determining the relative location of town-

ships in Ohio difficulty may be anticipated by reason of the many

base lines and meridians from which the respective townships and

ranges are numbered. Careful study of the development, execution,
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Meridians and base lines oj the Un ited States Rectangular Surveys 

Oovernintr wrn'ys (wholly or in Lon:!itllc\e of initial Latitude of Meridians part) in States of- points west from initial points Greenwich 

0 I II 0 I II 

Black Hills ___________ Routh Dakota ___________ 104 03 16 43 59 44 
Bo~e _______________ 4 Idaho ______ . ___________ 116 23 35 43 22 21 
Chickasaw ____________ :MississippL ____________ 89 14 47 35 01 58 
Choctaw _____________ _____ do _________________ 90 14 41 31 52 32 
Cimarron _____________ Oklahollla ______________ 103 00 07 36 30 05 
Copper Hi ver _________ I Alask 1\ - - - - . - - - - - - - . - . - - 145 18 13 61 49 21 
Fairbanks ____________ , ____ . do __ - . -.. - - 147 38 26 64 51 50 
Fifth PrincipaL _______ Arkanstl~, Iowa, )Tillll('- 91 03 07 34 38 45 

sota, Missouri, Norlh 
Dakota, and South 
Dakota. 

First PrincipaL _______ Ohio and Indiana ________ 84 48 11 40 59 . 22 
Fourth PrincipaL _____ Illinois 1 ________________ 90 27 11 40 00 50 Do ______________ Minnesota and 'Wisconsin. 90 25 37 42 30 27 
Gila and Salt River ____ Arizona _________ _______ 112 18 19 33 22 38 
Humboldt ____________ california ______________ 124 07 10 40 25 02 
Huntsville ____________ Alabama and MissisippL_ 86 34 16 34 59 27 Indian _______________ Oklahoma ______________ 97 14 49 34 29 32 
Louisiana ____________ Louisiana _______________ 92 24 55 31 00 31 
Michigan __ __ _________ Michigan and Ohio _______ 84 21 53 42 2.'> 28 
Mount Diablo ________ California and Ncvada ___ 121 54 47 37 52 54 
Navajo ______________ Arizona ________________ 108 31 59 35 44 56 
New Mexico Principal __ Colorado and X ew :Mexico_ 106 53 12 34 15 35 
Principal _____________ l\lontana _______________ III 39 33 4.1) 47 13 
Salt Lake _____________ 1 ~ tah ___________________ 111 53 27 40 46 11 
San Bernardino _______ california _____ . ________ 116 f).I) 17 34 07 20 
Second Principal ______ Illinois and Indiuna ______ 86 27 21 38 28 14 Seward ______________ Alaska _________________ 149 21 24 60 07 36 
Sixth Principal ________ Colorado, Kansas, Ne- 97 22 08 40 00 07 

braska, South Dakota, 
and Wyoming. 

St. Helena ____________ Louisiana _______________ 91 09 36 30 59 56 
St. Stephens __________ Alabama and MississippL 88 01 20 30 59 51 
Tallahassee ___________ Florida and Alaballla _____ 84 16 38 30 26 03 
Third PrincipaL _____ _ Illinois _________________ 89 08 54 38 28 27 Uintah _______________ Utah ___________________ 109 56 06 40 25 59 Ute __________________ Colorado _______________ 108 31 59 39 06 23 
Washingtoll __________ Mississippi _____________ 91 09 36 30 59 56 
Willamette ___________ O~egOI~ and W a.<:hington __ 122 44 34 45 31 11 . , . 43 00 41 

I The numh('rg Bre carried to fra!'tional township 29 north In JIIlnolg, and are repeated In Wisconsin, begin
ning with the south boundary of the StBte; the range numbers arc I!ivcn In regular order. 

boundary of Ohio, north of the Ohio River, known as Ellicott's Line, 
in longitude 80°32'20" was employed as the first reference meridian. 
From this meridian the ranges were numbered progressively westward, 
and the townships numbered progressively northward from the Ohio 
River in each range. 1fany other reference meridians and base lines 
were employed in the State of Ohio to govern particular areas for 
purposes of disposal. In determining the relativ(> location of town
ships in Ohio difficulty may be anticipated by reason of the many 
base lines and meridians from which the respective townships and 
ranges are numbered. Careful study of the development, execution, 
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and map of the public land survey in that State may be necessary to

clarify the situation with respect to any given description.

PRINCIPAL MERIDIAN

140. This line shall conform to the true meridian and will be

extended from the initial monument, either north or south, or in both

directions, as the conditions may require; regular quarter-section and

section corners will be established alternately at intervals of 40 chains,

and regular township corners at intervals of 480 chains; corner monu-

ments designated as meander corners will be established at the inter-

section of the line with all meanderable bodies of water. Section 226.

141. In the survey of the principal meridian and the other standard

lines (base lines, standard parallels, and guide meridians), hereinafter

described, two independent sets of measurements will be employed,

unless subdivisional closings thereon are provided in the same assign-

ment with the standard line, in which case the closings will furnish

a satisfactory verification of the length of the lines thus surveyed.

Where two independent sets of measurements are employed, the meas-

urement of each set will be noted in the field tablet, but the distance to

the mean point only will be shown in the transcribed field notes; a

form of record is given in the specimen field notes. Appendix VIII.

142. Should the difference between the two sets of measurements

of any standard line, as above provided, exceed 14 links per 80 chains,

it is required that the line be remeasured to reduce the difference, the

final measurement of the line only to be shown in the field notes.

Should the successive independent tests, of the alinement of any

standard line, or the average tests of the solar attachment employed

in the projection thereof, indicate that the line has deflected from the

true cardinal course to exceed 3'00", the necessary corrections will

be made to reduce the deviation in azimuth, the field notes of the true

fine only being shown. Every reasonable effort will be exercised to

insure the accuracy of both the alinement and the measurement of

the standard lines, and the stated discrepancies are the maximum

that will be allowed in new surveys; corrective steps will be required

where the differences are beyond the maximum.

BASE LINE

143. From the initial monument the base line will be extended east

and west on a true parallel of latitude; upon the true line standard

quarter-section and section corners will be established alternately at

intervals of 40 chains; and standard township corners at intervals of

480 chains; corner monuments designated as meander corners will be

established at the intersection of the line with all meanderable bodies

of water. Section 226.
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and map of the public land survey in that State may be necessary to 
clarify the situation with respect to any given description. 
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be made to reduce the deviation in azimuth, the field notes of the true 
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the standard lines, and the stated discrepancies are the maximwn 
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where the differences are beyond the maximum. 

BASE LINE 
143. From the initial monwnent the base line will be extended east 

and west on a true parallel of latitude; upon the true line standard 
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intervals of 40 chains; and standard township corners at intervals of 
480 chains; corner monuments designated as meander corners will be 
established at the intersection of the line with all meanderable bodies 
of water. section 226. 
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The manner of making the measurement of the base line and the

accuracy of both the alinement and measurement will be the same as

required in the survey of the principal meridian. Any one of the

methods heretofore set forth (sees. 125, 126, 127, and 128) for the

determination of the alinement of the true latitude curve may be

used as existing conditions may require and the detailed process will

be fully stated in the field notes. Appendix VIII.

STANDARD PARALLELS

144. Standard parallels, which are also called correction lines,

are extended east and west from the principal meridian, at intervals

of 24 miles north and south of the base line, in the manner prescribed

for the survey of the base line.
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Illustrating the survey of quadrangles each embracing 18 townships bounded by standard lines, and showing

the coordinate system of numbering the townships.
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The manner of making the measurement of the base line and the 
accuracy of both the alinement and measurement will be the same as 
required in the survey of the principal meridian. Anyone of the 
methods heretofore set forth (secs. 125, 126, 127, and 128) for the 
determination of the alinement of the true latitude curve may be 
used as existing conditions may require and the detailed process will 
be fully stated in the field notes. Appendix VIII. 

STANDARD PARALLELS 
144. Standard parallels, which are also called correction lines, 

are extended east and west from the principal meridian, at intervals 
of 24 miles north and south of the base line, in the manner prescribed 
for the survey of the base line. 
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Illustrating the survey of quadrangles each embracing 16 townships bounded by standard lines, and showing 
the coOrdinate system of numbering the townships. 
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145. Where standard parallels have been placed at intervals of 30

or 36 miles, under practice then permissible, and present conditions

require additional standard lines from which to initiate new, or upon

which to close the extension of old surveys, an intermediate correction

line should be established to which a local name may be given, e. g.,

"Fifth Auxiliary Standard Parallel North," or "Cedar Creek Correc-

tion Line," etc., and the same will be run, in all respects, like a regular

standard parallel.

GUIDE MERIDIAN

146. Guide meridians are extended north from the base line,

or standard parallels, at intervals of 24 miles east and west from

the principal meridian, in the manner prescribed for running the

principal meridian. Under all conditions the guide meridians

will be terminated at the points of their intersections with the stand-

ard parallels; the guide meridian is to be projected on the true meri-

dian and the fractional measurement is to be placed in the last half

mile. At the true point of intersection of the guide meridian with

the standard parallel a closing township corner is to be established;

the parallel will be retraced between the first standard corners east

and west of the point for the closing corner, in order to determine

the exact alinement of the line closed upon, and the distance will

be measured and recorded to the nearest corner on said standard

parallel.

147. When existing conditions require that such guide meridians

shall be run south from the base or correction lines, they will be ini-

tiated at the theoretical point for the closing corner of the guide

meridian, which will be calculated on the basis of the survey of the

line from south to north initiated at the proper standard township

corner. At the theoretical point of intersection a closing township

corner will be established.

148. Where guide meridians have been placed at intervals ex-

ceeding the distance of 24 miles, and new governing lines are re-

quired in order to limit the errors of the old or to control new sur-

veys, a new guide meridian will be established, and a local name

may be assigned to the same, e. g., "Twelfth Auxiliary Guide Merid-

ian West," or "Grass Valley Guide Meridian," etc. These auxiliary

guide meridians will be surveyed in all respects like regular guide

meridians.

149. The above scheme covers the controlling lines contemplated

under the rectangular system, and results regularly in the survey of

quadrangles bounded on the north and south by true parallels of

latitude, and on the east and west by true meridians, 24 miles apart.

One exception may now be noted which will be found to depart
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145. Where standard parallels have been placed at intervals of 30 
or 36 miles, under practice then permissible, and present conditions 
require additional standard lines from which to initiate new, or upon 
which to close the extension of old surveys, an infermediate correction 
line should be established to which a local name may be given, e. g., 
"Fifth Auxiliary Standard Parallel North," or "Cedar Creek Correc
tion Line," etc., and the same will be run, in all respects, like a regular 
standard parallel. 

GUIDE MERIDIAN 
146. Guide meridians are extended north from the base line, 

or standard parallels, at intervals of 24 miles east and west from 
the principal meridian, in the manner prescribed for running the 
principal meridian. Under all conditions the guide meridians 
will be terminated at the points of their intersections with the stand
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and west of the point for the closing comer, in order to determine 
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from former practice, that is, where a guide meridian is carried

forward at a time when uncertainty exists as to how the exterior and

subdivisional surveys to the east may close upon it, the corners upon

the same will be marked only for the surveys to the west.

TOWNSHIP EXTERIORS

Regular Order

150. The controlling factors to be recognized in the establishment

of new township boundary lines are found in the relation of these

lines to the new subdivisional surveys which are to be executed.

The south and east boundaries are normally the governing lines of

the subdivisional surveys. Defective conditions which may be

found in previously established exteriors cannot be eliminated

where subdivisional lines have been initiated from or closed upon

an old boundary, but the errors of the former surveys are not to be

incorporated into the new, and where the previously established

south and east boundaries cannot on that account be used to govern

the subdivision of the adjoining township, other controlling lines

known as the sectional correction line and the sectional guide meridian

will be employed as expedient. Sees. 184,185, 186. A new meridional

township exterior is normally the governing boundary of the township

to the west, and a new latitudinal township exterior is normally the

governing boundary of the township to the north; any new boundary

should therefore be established with full consideration for its control

upon the subdivisional surveys thereafter to be executed.

151. Whenever practicable the township exteriors will be sur-

veyed successively through a quadrangle in ranges of townships,

beginning with the townsliips on the south. The meridional bound-

aries of the townships will have precedence in the order of survey

and will be run from south to north on true meridians; quarter-

section and section corners will be established alternately at intervals

of 40 chains, and meander corners at the intersection of the line with

all meanderable bodies of water; a temporary township corner will

be set a distance of 480 chains, pending a determination of the

controlling factor upon which its final position will be governed,

whereupon the temporary point will be replaced by a permanent

corner in proper latitudinal position. The latitudinal township

boundary will be run first as a random line, setting temporary

corners, on a cardinal course, from the old toward the new meridional

boundary, and corrected back on a true lino if ideal conditions are

found to obtain. Where both meridional boundaries are new lines

or where both have been previously established, the random lati-

tudinal boundary will be run from east to west. In either case, if
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from former practice, that is, where a guide meridian is carried 
forward at a time when uncertainty exists as to how the exterior and 
subdivisional surveys to the east may close upon it, the corners upon 
the same will be marked only for the surveys to the west. 
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defective conditions are not encountered, the random line will be

corrected back on a true line, upon which will be established regu-

lar quarter-section and section corners at intervals of 40 chains,

alternately, counting from the east, and meander corners at the

intersection of the true line with all meanderable bodies of water.

The bearing of the true line will be calculated on the basis of the

falling of the random, and the fractional measurement will be placed

in the west half mile. A meridional township exterior will be

terminated at the point of its intersection with a standard parallel,

placing the excess or deficiency in measurement in the northern-

most half mile. At the point of intersection of the meridional

boundary with a standard parallel a closing township corner will be

established; the parallel will be retraced between the first standard

corners east and west of the point for the closing corner, in order to

determine the exact alinement of the line closed upon, and the

distance will be measured and recorded to the nearest corner on said

standard parallel. Section 544.

152. In order to complete the exteriors of a township it will often

remain to establish a meridional boundary between previously estab-

lished township corners; such boundaries will be run from south to

north on random lines, with temporary corners set at intervals of

40 chains, and, if defective conditions are not encountered, the

random will be corrected to a true line; by this plan the excess or

deficiency of measurement will be placed in the north half mile, as

required by law, and double sets of corners will be avoided where

unnecessary.

153. The temporary points on any random exterior will be re-

placed by permanent corners, in proper position, when the final true

line adjustments for the latter have been fully determined; the

true line will be properly blazed through timber, and distances to

important items of topography will be adjusted to correct true line

measurement.

154. The field notes will embrace a full and complete record of

the manner in which the township exteriors are run and established.

The field tablets will record all details, including the direction of the

projection of the random latitudinal curve, the amount of the falling '

left or right of the objective township corner, and the calculated

return course or true line. The field notes will contain a prefacing

statement that random lines are omitted except where necessary to

record offsets, triangulations, stadia measurements, and important

observations. The details of such measurements will be shown in

â�  The falling Is the distance on the normal by which a line falls to the right or left of a corner on which

the random line was intended to close.
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the field notes only in those cases where the ground cannot be, or has

not been, measured with the steel tape or where the line passes over

corner points without monumentation. Section 544.

Irregular Order and Partial Surveys

155. As the remaining unsurveyed public lands are found to con-

tain less and less extensive areas it becomes necessary to depart

from the ideal procedure in order more directly to reach the areas

authorized for survey. The many possible combinations are entirely

too numerous to state in detail, but where an irregular order appears

to be necessary such departure from the ideal order of survey will be

specifically outlined in the written special instructions. Such depar-

ture should always be based on the principle of accomplishing, by

whatever plan, the same relation of one township boundary to another

as would have resulted from regular establishment under ideal

conditions.

Where causes operate to prevent the establishment of the boundaries

in full it is not imperative that the survey of the exterior fines be

completed; under such conditions it may be found necessary to run

section lines as offsets to township exteriors and such section lines

will be run either on cardinal courses or parallel to the governing

boundaries of such townships, or even established when subdividing,

as existing conditions may require.

General Exceptions

156. The above rules accord with former practice, except that in

certain instances the random latitudinal boundaries will be run

from west to east, instead of invariably from east to west, as here-

tofore required. It is also deemed advisable to incorporate other

exceptions which will lessen the difficulties of subdivisional surveys

frequently experienced in the past.

It is especially desirable that the alinement of a new latitudinal

boundary (which becomes the governing south boundary of the

township to the north) shall not depart more than 14' from the truo

cardinal course; therefore the random line, run upon the cardinal

course, may be made the true line where the falling would require

a correction exceeding 14' of arc. Where the random latitudinal

boundary thus closes on a new meridional exterior the temporary

township corner may be adjusted to the latitude of the opposite town-

ship corner; but where both meridional boundaries have been previ-

ously surveyed a closing township corner will be established at the

point of intersection of the random latitudinal line with the meridional

boundary, or its projection to the north or south as the case may be.
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fig.23. 
Easton random, correct to true line. I 
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Likewise, where a meridional boundary is run as a random, the

random will be made the true line if the adjustment for falling plus

the usual correction to secure parallelism of the meridional sub-
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of convergency of meridians, also the 14' limit of the rectangular "safety zone."

divisional lines (on account of convergency of meridians) would

result in calculated bearings (in the northernmost miles of the latter

lines) in excess of 14' from cardinal. This margin for the alinement

of the random and true meridional lines of the subdivisional survey

calls for a governing east boundary whose bearing will fall within
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Likewise, where a meridional boundary is run as a random, the 
random will be made the true line if the adjustment for falling plus 
the usual correction to secure parallelism of the meridional sub-
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certain extremes suited to the latitude of the township, as for example

(see second part of table 2, Standard Field Tables):

Latitude 25Â° N.

1st Mi. Mer. Subdv. N. 0Â°14' E. 5th Mi. Mer. Subdv.

Corr. for Conv. +00 Corr. for Conv.

N.

0Â°14' W.

-02

N.

0Â°12' W.

N.

0Â°14' W.

-10

N.

0Â°04' W.

E. bdy. may be N. 0Â°14' E. E. bdy. may be

Latitude 70Â° N.

1st Mi. Mer. Subdv. N. 0Â°14' E. 5th Mi. Mer. Subdv.

Corr. for Conv. +02 Corr. for Conv.

E. bdy. may be N. 0Â°16' E. E. bdy. may be

It will be noted that the above text in reference to the 14' limit for

exteriors applies only to the establishment of new boundaries. A

previously established boundary every part of which is within 21'

of cardinal will not be considered defective in alinement. Even in

the case of new exteriors, where the engineer who establishes such

line is also to subdivide the township of which such exterior is a

governing boundary, the margin of 14' may be exceeded to a limited

extent if the engineer is satisfied that existing conditions favor keep-

ing within the 21' limit in the subdivisional survey. Thus it will be

seen that the purpose of the 14' limit is merely to facilitate the estab-

lishment of all subdivisional lines within the prescribed definite

limit of 21' from cardinal.

157. Another general exception may be noted where uncertainty

exists as to how unsurveyed exteriors and subdivisional lines will

close upon the newly established boundaries, in which case the cor-

ners thereon may be marked only for the townships of which the

new exteriors control the subdivisions.

Completion of Partially Surveyed Exteriors

158. Where the end portions of a township exterior have been

previously surveyed and closed upon, the fractional unsurveyed

middle part will be completed by random and true line, without

offset regardless of the deviation from cardinal; the fractional meas-

urements will be placed as a general rule in the north and west half

miles, thereby permitting the subdivisional lines to be extended as

usual from the south to the north and from the east to the west. In

the case of a fractional part of an exterior remaining unsurveyed

156
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158. Where the end portions of a township exterior have been 
previously surveyed and closed upon, the fractional unsurveyed 
middle part will be completed by random and true line, without 
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usual from the south to the north and from the east to the west. In 
the case of a fractional part of an exterior remaining unsurveyed 
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at either end of the line, the boundary will be completed by random

line, initiated at the previously established terminal monument,

which will be projected on a cardinal course in the direction of the

objective township corner. The random will be corrected to a true

line where the calculated bearing of any subdivisional line, governed

by such exterior, comes within 14' from cardinal, and the fractional

t
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measurement will be placed generally in the north or west half miles.

However, should irregularity be developed, or in the absence of a pre-

viously established objective township corner, the partially surveyed

exteriors will be completed on cardinal courses beginning as above;

and in either case the fractional measurements will generally be placed

in the north and west half miles.
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at either end of the line, the boundary will be completed by random 
line, initiated at the previously established terminal monument, 
which will be proj ected on a cardinal course in the direction of the 
obj ective township corner. The random will be corrected to a true 
line where the calculated bearing of any subdivisional line, governed 
by such exterior, comes within 14' from cardinal, and the fractional 
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measurement will be placed generally in the north or west half miles. 
However, should irregularity be developed, or in the absence of a pre
viously established objective township corner, the partially surveyed 
exteriors will be completed on cardinal courses beginning as above; 
and in either case the fractional measurements will generally be placed 
in the north and west half miles. 
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Retracement and Resurveys Before Subdividing

159. If any part or all of the boundaries of a township which is to be

subdivided have been previously surveyed, and the regional or public

survey office has reason to question the accuracy of any portion of

such exteriors, or the condition of the corner monuments thereon, the

fact will be stated in the written special instructions, and the engineer

will be authorized and required, as a condition precedent to beginning

the subdivisional survey of such township to retrace such boundaries

to verify the direction and length of lines and to identify the monu-

ments of the prior survey, and to resurvey all or such portion of the

boundaries as may be found necessary to accomplish the following

purposes:

(a) To reestablish missing corners, (b) to remonument dilapidated

corners, (c) to determine the direction and length of all lines, (d) to

furnish all data necessary for the computation of the areas of all

fractional lots, and (e) to provide a basis for an improved plan of the

subdivision of the township. (Definitions of retracement and re-

survey, sec. 387.)

The retracements and resurveys as above will afford the data for a

computation of the total coordinate latitude and departure of each and

every previously established exterior corner, and a preliminary platting

of their positions, all referred to a selected origin such as the southeast

corner of the township. These will then be the basis for the required

studies under the sections to follow.

160. All resurvey data will be embodied in the field notes and

shown upon the plat of the survey. If the retracement results are

substantially in agreement with the record of the original surveys, a

general statement to that effect will be made in the field notes, and the

original record will govern the data to be placed upon the plat.

Rectangular Limits

161. Before approaching the subject of "subdivision of townships"

it is necessary to consider the requirement of law relative to rectan-

gular surveys, wherein the square mile, or section, is the unit of sub-

division. The normal township will include 36 sections in all, 25 of

which are returned as containing 640 acres each; 10 sections (on the

north and west boundaries) each contain regular aliquot parts totaling

480 acres with 4 additional fractional lots in each section, each lot

containing 40 acres plus or minus definite differences to be determined

in the survey; and, section 6 containing regular aliquot parts totaling

360 acres with 7 additional fractional lots each containing 40 acres

plus or minus certain definite differences to be determined in the

survey, all as contemplated by law.

159
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Fig.33.

rWesf on random, correct to true line. Double set of corners.

4

West to intersection.

â�¢ t T r t - r r 7 t - -

1

Li"! .

1 ' !_!_

__4__

!__(_ .

1 1

*l.

.5 I 1 â�¢ 1

l

In.

1-1 ; 1

li-r -*

Mi

r t3i 1

Y>

C/

^0

--rr

-_3._

TI&-

X)"

3*

-H-

--2--I

rr-i-r

-4â�� â� â�� Iâ��!â��I-

â��I -

(

J

5

Jl

Fig.34.

161

186 

161 

MANUAL OF SURVEYING INSTRUCTIONS 

fig.33. 
,West en random, correct to true //ne. Oou6/e set of corners. 
~ -, ... _I_II_t ...... I_._I,-,-'t-I~I-r'I-~II_I ...... I-I.,., ~ -

I-+-I.J 4-'-i-'-+-.l...+.L...L..L.. t- L L ~ t- ~ L-'_ 1-1-
1-,-6- -1- -:5'~": ,'--4 - -1- -3 - -: --2 - - :-- 1-4-
tl' I , , , , ' I , , ,~ 

, L.L' ,I I r 1 rTT-t-- - ,- ---t-----,----'--,T 
rt 1 "I ,r-
- L.. ., - -I I I , ~ -12 J- - ..: 
tJ', 1 I I ", L.. ~ 
1- '-i- -1- - - - 1.. - - _ -' ____ I- __ ~~ L _ ~ L ~ 

c.; L r "'1 i) J r' Q) 
~ " I O. . .... J ,r - .C:: 
\J 1- 1-18--' I ' lei I... - -13+ - ~ 
~I ' '0' Q)"L" ~ --1.',' , 1 1\, €:I: ' -,~ 
~ 1- ,- - t- - - - -1- - - -I- "1'\'" - ,- - - -Q)-'- -,-1- ~ 
'to r~" , J'Q0' ~:, I- t:: 
~ rT Iq- -I , ~ I ~.- -24.1. v t _ r ? ' , ,>', ,_ ~ 
01" I I ,t:)1 'I ~ 

:;::: - I- ,- - r - - - -i- - - - -1- - - - - - - c:: r - I r ' '_.I I, ''O~ 1 I ,~, I I- ~ 
L L30--' : t I- -25 + -~ 
L J. 1 '\ 0' I I <0 ' 't" ti 1_1_1 __ ~ ___ .L ___ .J ____ , ___ -'- _ -1. ~ ~ 
I I', I I , I I 
-l , I , I r 
'-1'-31-J' t- -364--
L..J' I I I , I ~ , 

We$t to intersection. -+ 'T TorT r r r ..... T"' I r ~ ;-r ,-,..., -r T r '1- ,- ... 
'I-L '.J"'I':'·1.."-1' , , " 1- r + - .. - -. - - - -,- - r l' --,- -1- - I- - ~ 

Lt~--:--~--:--~--:--~--:--~-~--!--. ~ 
1_ ~ '- ~ - .1 - L _,_ -1 _ , __ ~ _ L _ i _ -1_ ~ 

r-':' ' , , , ... 
_1... 7- -I I : ' , ~ 

c:: 1--', 1 , I I b: ~ 
~~U-.1. __ -L ______ LI~~-'--- 1 
i.,.; II 1 I '1'0 ~ 
\J r -,' I I. ~ \ , 
~rll~--I : I 1\, I 
~ f -", I I 'O\) 1 I 
.~ 1- I '-I - - - -I - - - - ''-0/- -i - - - ~ - - - -

~~l'19--' I : : ' tr--::: I 'Orb, t : 
o 1-'-,- - - - - -1- - - .., - - - -' - - - T 
~ -1' 1 1-<0 I I I 

L t30 -J 1 \ I I 1-;:, , I I 
I'J-r -1 ----T----I-- . "-
1"1 1 1 I • I r 131 I I I 
,~ I 

·s 
,~ ... 
v 
~ 
~ 
~ 
-0 
1.0.; 

-+~~~------------~----~----~----+-

fig.34. 

Dig ize b 
Original from 

UNIVERSITY OF INNESOTA 



SYSTEM OF RECTANGULAR SURVEYS 187

162. In the administration of the surveying laws it has been

necessary to establish a definite relation between rectangularity

(square miles of 640 acres, or aliquot parts thereof), as contemplated by

law, and the resulting unit of subdivision consequent upon the practical

application of surveying theory to the marking out of the lines on

the earth's surface, wherein the ideal section is allowed to give way

to one which may be termed "regular." Such relation, as applied to

the boundaries of a section, has been placed at the following limits:

(a) For alinement, not to exceed 21' from cardinal in any part;

(6) for measurement, the distance between regular corners to be

normal according to the plan of survey, with certain allowable adjust-

ments not to exceed 25 links in 40 chains; and (c) for closure, not to

exceed 50 links in either latitude or departure.

Township exteriors, or portions thereof, will be considered defective

when they do not qualify within the above limits. It is also necessary,

in order to subdivide a township regularly, to consider a fourth limit,

as follows:

(d) For position, the corresponding section corners upon the op-

posite boundaries of the township to be so located that they may be

connected by true lines which will not deviate more than 21' from

cardinal.

A previously established exterior will not be considered defective

if the above limits are satisfied, and a subdivisional survey may proceed

in safety if the rectangular limits (in such subdivisional survey) are

not exceeded. On the other hand, if the conditions relating to the

previously established governing boundaries are such that the rectangu-

lar limits have already been exceeded or that the danger point is likely

to be reached at an early stage in the subdivisional survey, the neces-

sary corrective steps will be taken before subdividing, as hereinafter

described.

Rectification of Defective Exteriors Before Subdividing and

Method of Establishing New Governing Boundaries Where the

Previously Surveyed Exteriors are Found to be Defective

163. Where subdivisional lines have been initiated from or closed

upon an exterior prior to the subdivision of the adjoining township, the

alinement of the exterior cannot be changed. A defective boundary

not so closed upon may be obliterated after independently resurveying

a new boundary and connecting the old with the new monuments.

If known that a mineral survey, forest-homestead or small holding

claim, railroad or canal right of way, reservoir site, etc., has been

connected with any comer of an exterior subject to rectification,
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the fact will be specifically stated in the written special instructions,

and in case the exterior is found to be defective, the cadastral engineer

will add the letters "AM" (signifying "amended monument") to the

markings of the original monument and accurately connect the old

monument by course and distance with the new monument. A com-

plete record of the connection from the new to the amended monument

and a full description of the latter including the new markings and

accessories will be included in the field notes, and where a special

purpose is to be served the position of the old monument will be

shown on the plat of the survey. Sections 258, 459.

164. If a boundary is defective in measurement or position and is

not subject to rectification, the location of the original corners will not

be changed, but the marks on the monuments, and the marks upon

or position of the accessories, may be appropriately altered to stand

only for the sections of the previously established surveys. New

corners to control the surveys of the adjoining township may then be

established on the old line, but at regular distances of 40 and 80

chains. Where new corners are placed on an oblique exterior (one

whose bearing departs more than 1Â° from cardinal) the same will be

so located for measurement that the oblique distance multiplied

by the cosine or sine of the bearing angle, as the case may be, will

result in cardinal equivalents of 40 and 80 chains.

165. Where subdivisional lines have been initiated from or closed

upon one side of a portion of a township boundary prior to the sub-

division of the township on the opposite side, while upon the remaining

portion of the same such conditions do not interfere, said remaining

portion may be obliterated, if found defective, whereupon a new line

will be projected in accordance with regular independent resurvey

methods.

166. The position of the new exteriors, or of new corners on defective

township boundaries must be established by an actual rerunning of

such lines; the data acquired in surveying subdivisional lines closing

upon defective exteriors cannot be accepted in lieu of such retracement

or resurvey.

167. Instances will occur both in closing subdivisional surveys upon

regular exteriors and in the retracement of defective boundaries not

subject to rectification where it will be developed that the original

monuments have become lost or obliterated, or where such corner

monuments may be identified in an advanced state of deterioration.

All such exterior corners will be reestablished and remonumented in

their correct original positions in strict accordance with the provisions

of chapters IV and V, and a complete record thereof will be embodied

in the field notes.
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Fig.37. 
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168. The south boundary of a township is regularly the governing

latitudinal boundary and will be used as such unless defective in

alinement; if defective in measurement, and not subject to rectifica-

tion, the position of the original corners will not be changed, but the

marks on the monuments and the accessories will be appropriately

altered to stand only for the sections of the township to the south;

new corners of two sections and quarter-section corners common to

the sections of the township to the north will be established at regular

intervals of 40 chains, counting from the east, and the excess or de-

ficiency in measurement placed in the west half mile. If the south

boundary is defective in alinement, a sectional correction line will be

required.

169. The east boundary of a township is regularly the governing

meridional boundary and will be used as such unless defective in

alinement; if defective in measurement, and not subject to rectifi-
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cation, the position of the original corners will not be changed, but

the marks on the monuments and the accessories will be appropriately

altered to stand only for the sections of the township to the east; new

corners of two sections and quarter-section corners common to the

sections of the township to the west will be established at regular

intervals of 40 chains, counting from the south. If the east boundary

is defective in alinement a sectional guide meridian will be required.

170. New west and north boundaries of a township become the

governing meridional and latitudinal boundaries of the townships to

the west and north, respectively, and are required to be properly

established as such.

171. New east and south boundaries of a township become the

closing meridional and latitudinal boundaries of the townships to the

east and south, respectively, and where by peculiar necessity the

ideal plan must be modified and doubt exists as to how unsurveyed

lines may close upon same, the corners thereon may be established

common only to the sections of the township of which the new lines

are the governing boundaries. The corners appropriate to the sec-

tions upon the opposite side will be duly established as closing corners

at the time of the survey of the subdivisional lines of the adjoining

townships if the original corners are then found to be defective in

position, and where regular connections can be made the marks upon

the original corner monuments will be appropriately altered to corners

of maximum control.

172. Where the previously established north or west boundaries are

found to be defective in measurement or position and subdivisional

surveys in the adjoining townships have been initiated upon the same,

thereby preventing rectification, the marks upon the original corner

monuments will be appropriately altered to corners of two sections

and quarter-section corners common only to the sections of the town-

ships to the north or west, respectively. Closing section corners will

be established when subdividing and the distance measured to an

original corner; new quarter-section corners, common to the sections

of the township which is being subdivided, will be placed on the old

fine at the mean distances between the closing section corners, or at

40 chains from one direction, depending upon the plan of the sub-

division of the section. Where such previously established north and

west boundaries are defective in alinement, but not in measurement

or position, no changes are required, and the section lines of the

township which is being subdivided will be connected regularly to the

original corners; the resulting fractional measurements will be placed

uniformly in the aorth and west half miles.
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cation, the position of the original corners will not be changed, but 
the marks on the monuments and the accessories will be appropriately 
altered to stand only for the sections of the township to the east; new 
corners of two sections and quarter-section comers common to the 
sections of the township to the west will be established at regular 
intervals of 40 chains, counting from the south. If the east boundary 
is defective in alinement a sectional guide meridian will be required. 

170. New west and north boundaries of a township become the 
governing meridional and latitudinal boundaries of the townships to 
the west and north, respectively, and are required to be properly 
established as such. 

171. New east and south boundaries of a township become the 
closing meridional and latitudinal boundaries of the townships to the 
east and south, respectively, and where by peculiar necessity the 
ideal plan must be modified and doubt exists as to how unsurveyed 
lines may close upon same, the corners thereon may be established 
common only to the sections of the township of which the new lines 
are the governing boundaries. The corners appropriate to the sec
tions upon the opposite side will be duly established as closing corners 
at the time of the survey of the subdivisional lines of the adjoining 
townships if the original corners are then found to be defective in 
position, and where regular connections can be made the marks upon 
the original corner monuments will be appropriately altered to comers 
of maximum control. 

172. Where the previously established north or west boundaries are 
found to be defective in measurement or position and subdivisional 
surveys in the adjoining townships have been initiated upon the same, 
thereby preventing rectification, the marks upon the original corner 
monuments will be appropriately altered to corners of two sections 
and quarter-section corners common only to the sections of the town
srups to the north or west, respectively. Closing section corners will 
be established when subdividing and the distance measured to an 
original corner; new quarter-section corners, common to the sections 
of the township which is being subdivided, will be placed on the old 
line at the mean distances between the closing section corners, or at 
40 chains from one direction, depending upon the plan of the sub
division of the section. Where such previously established north and 
west boundaries are defective in alinement, but not in measurement 
or position, no changes are required, and the section lines of the 
township which is being subdivided will be connected regularly to the 
original comers; the resulting fractional measurements will be placed 
uniformly in the llorth and west half miles. 
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173. The diagrams which accompany the text illustrate the guiding

principles involved in the method of establishing new governing

boundaries where the previously surveyed exteriors are found to be

defective. Each diagram illustrates a simple condition affecting one

boundary only, and the examples are taken only from the regular

order of procedure. Combinations of two or more of the simple

defective conditions are best solved by an analysis of the complex

problem into its several parte of simple defective conditions. The

same statement is applicable to the solution of complex defective con-

ditions encountered in the establishment of township exteriors under

an irregular order of procedure. The engineer will be expected to

exercise skill and judgment in dealing with similar field problems, but

where extraordinary conditions are encountered which will not admit

of analysis and solution in harmony with the principles herein set

forth he will report the facts to the proper administrative office

which will issue appropriate instructions.

The rules set up in sections 163 to 173, inclusive, relating to the

completion and rectification of township exteriors before subdividing

are intended to secure the most direct return to normal procedure in

those cases where these rules must be invoked. The preliminary

retracements and the resurveys that are provided for may show that

some modification will secure better results, this can be effected upon

consideration of the problem, and approval of the plan by the proper

administrative office. Each case should be treated on its own merits.

Tables of Latitudes and Departures and Closing Errors

174. Upon the completion of the survey of one or more township

exteriors closing the figure of either a full or fractional township, a

table of latitudes and departures and closing errors will be prepared,

wherein due allowance for convergency of meridians will be intro-

duced. The closing errors will furnish an immediate guide to the

accuracy of the lines included in the table and, in case the limit of

closure (%to of the perimeter, in either latitude or departure) is

exceeded, will serve to show what additional retracements or other

corrective steps may be necessary in order to perfect the survey before

leaving the field. The table of latitudes and departures and closing

errors, including every part of any closed figure embracing township

exteriors, based upon final field determination after all necessary

retracements and final true fines have been completed, will be filed

with the field tablets and computation sheets. The general subject

of "limits of closure" will be amplified hereinafter. Section 234.
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173. The diagrams which accompany the text illustrate the guiding 
principles involved in the method of establishing new governing 
boundaries where the previously surveyed exteriors are found to be 
defective. Each diagram illustrates a simple condition affecting one 
boundary only, and the examples are taken only from the regular 
order of procedure. Combinations of two or more of the simple 
defective conditions are best solved by an analysis of the complex 
problem into ita several part. of simple defective conditions. The 
same statement is applicable to the solution of complex defective con
ditions encountered in the establishment of township exteriors under 
an irregular order of procedure. The engineer will be expected to 
exercise skill and judgment in dealing with similar field problems, but 
where extraordinary conditions are encountered which will not admit 
of analysis and solution in harmony with the principles herein set 
forth he will report the facts to the proper administrative office 
which will issue appropriate instructions. 

The rules set up in sections 163 to 173, inclusive, relating to the 
completion and rectification of township exteriors before subdividing 
are intended to secure the most direct return to normal procedure in 
those cases where these rules must be invoked. The preliminary 
retracements and the resurveys that are provided for may show that 
some modification will secure better results, this can be effected upon 
consideration of the problem, and approval of the plan by the proper 
administrative office. Each case should be treated on its own merita. 

Tables of Latitudes and Departures and Closing ErrOR 

174. Upon the completion of the survey of one or more township 
exteriors closing the figure of either a full or fractional township, a 
table of latitudes and departures and closing errors will be prepared, 
wherein due allowance for convergency of meridians will be intro
duced. The closing errors will furnish an immediate guide to the 
accuracy of the lines included in the table and, in case the limit of 
closure (~40 of the perimeter, in either latitude or departure) is 
exceeded, will serve to show what additional retracements or other 
corrective steps may be necessary in order to perfect the survey befor~ 
leaving the field. The table of latitudes and departures and closing 
errors, including every part of any closed figure embracing township 
exteriors, based upon final field determination after all necessary 
retracements and final true lines have been completed, will be filed 
with the field tablets and computation sheets. The general subject 
of "limits 01 closure" will be amplified hereinafter. Section 234. 
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SUBDIVISION OF TOWNSHIPS

Regular Boundaries

175. The boundaries of a township will be considered within satis-

factory governing limits from which to control the subdivisional

survey when the calculated position of the latter lines may be theo-

retically projected from said boundaries without invading the danger

zone in respect to rectangular limits as previously described. The

danger zone has already been placed at theoretical bearings exceeding

14' from cardinal, and the corresponding zone in respect to lengths

of lines may be placed at theoretical adjustments exceeding 33 links

per mile.

176. The direction of the east boundary may qualify anywhere

within the governing limits set forth under the subject of "township

exteriors," and where this boundary is broken in alinement, but

otherwise within the governing limits, its mean course will be adopted

when considering the control upon the direction of the meridional

subdivisional lines.

177. The subdivision of a township may proceed in the normal

order, where the above conditions are satisfied, as follows:

The meridional section lines will be initiated at the regularly

established section corners on the south boundary of the township

and will be run from south to north parallel to the governing east

boundary, or, in case the east boundary is within limits, but has

been found by retracement to be imperfect in alinement, the merid-

ional section lines will be run parallel to the mean course of such east

boundary. Regular quarter-section and section corners will be estab-

lished alternately at intervals of 40 chains, as far as the northernmost

interior section corner. The last miles of the meridional section lines

will be continued as random lines without blazing through timber,

each successive line being run parallel to the true east boundary of

the section to which it belongs; a temporary quarter-section corner will

be set at 40 chains, the distances will be measured to the points of

intersection of the random lines with the north boundary of the town-

ship, and the fallings of the random lines east or west of the objective

section corners will be noted. The randoms will then be corrected

to true lines by returning to accomplish the required blazing through

timber and markings between the section corners, including the per-

manent establishment of the quarter-section corners on the true lines

at distances of 40 chains from the south, thus placing the fractional

measurements in the north half miles. The bearings of the true lines

will be calculated on the basis of the fallings of the randoms (table 3,

Standard Field Tables). Where the north boundary of the township
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SUBDIVISION OF TOWNSHIPS 

Resular Boundaries 

175. The boundaries of a township will be considered within satis
factory governing limits from which to control the subdivisional 
survey when the calculated position of the latter lines may be theo
retically projected from said boundaries without invading the danger 
zone in respect to rectangular limits as previously described. The 
danger zone has already been placed at theoretical bearings exceeding 
14' from cardinal, and the corresponding zone in respect to lengths 
of lines may be placed at theoretical adjustments exceeding 33 links 
per mile. 

176. The direction of the east boundary may qualify anywhere 
within the governing limits set forth under the subject of "township 
exteriors," and where this boundary is broken in alinement, but 
otherwise within the governing limits, its mean course will be adopted 
when considering the control upon the direction of the meridional 
subdivisionallines. 

177. The subdivision of a township may proceed in the normal 
order, where the above conditions are satisfied, as follows: 

The meridional section lines will be initiated at the regularly 
established section corners on the south boundary of the township 
and will be run from south to north parallel to the governing east 
boundary, or, in case the east boundary is within limits, but has 
been found by retracement to be imperfect in alinement, the merid
ional section lines will be run parallel to the mean course of such east 
boundary. Regular quarter-section and section corners will be estab
lished alternately at intervals of 40 chains, as far as the northernmost 
interior section corner. The last miles of the meridional Rection lines 
will be continued as random lines without blazing through timber, 
each successive line being run parallel to the true east boundary of 
the section to which it belongs; a temporary quarter-section corner will 
be set at 40 chains, the distances will be measured to the points of 
intersection of the random lines with the north boundary of the town
ship, and the faIlings of the random lines east or west of the objective 
section corners will be noted. The randoms will then be corrected 
to true lines by returning to accomplish the required blazing through 
timber and markings between the section comers, including the per
manent establishment of the quarter-section corners on the true lines 
at distances of 40 chains from the south, thus placing the fractional 
measurements in the north half miles. The bearings of the true lines 
will be calculated on the basis of the faIlings of the rand oms (table 3, 
Standard Field Tables). Where the north boundary of the township 
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is a base line or standard parallel, the last miles of the meridional

section lines will be continued as true lines parallel to the east boundary

of the township, setting permanent quarter-section corners at 40

chains from the south and closing section corners at the points of

intersection of the several lines with the base, standard, or correction

line, where the distances will be measured to the nearest corners on

said line; and new quarter-section corners, common to the sections

of the township which is being subdivided, will be placed on the base

line or standard parallel at the mean distances between the closing

section corners, or at 40 chains from one direction, depending on the

plan of the subdivision of the section. The adjustment of the bearing

of all meridional section lines on account of convergency of meridians

has already been explained in chapter II. Sections 129, 130, 131.

178. The latitudinal section lines, except in the west range of

sections, will normally be run without blazing through timber from

west to east on random lines parallel to the south boundaries of the

respective sections, setting temporary quarter-section corners at 40

chains; the distances will be measured to the points of intersection of

the random lines with the north and south lines passing through the

objective section corners, and the fallings of the random lines north

or south of said corners will be noted. Each random will be corrected

to a true line by returning to accomplish the required blazing and

marking between the section corners, including the permanent

establishment of quarter-section corners at the mid-points on the true

lines. The bearings of the true lines will be calculated on the basis of

the fallings of the randoms (see Table 3, Standard Field Tables). In

the west range of sections the random latitudinal section lines will be

run from east to west, parallel to the south boundaries of the respective

sections, and on the true lines the permanent quarter-section corners

will be established at 40 chains from the east, thus placing the frac-

tional measurements in the west half miles. Section 544.

179. Meander corners will be established at the points of inter-

section of the several true lines with all meanderable bodies of water.

180. The meridional section lines will have precedence in the

order of execution, and these will be surveyed successively, begin-

ning with the first meridional section line counting from the east.

A meridional section line will not be continued beyond a section

corner until after the connecting latitudinal section line has been

surveyed, and in the case of the fifth meridional section line, both

latitudinal section lines connecting east and west will be surveyed

before continuing with the meridional line beyond a section corner.

The successive meridional lines may be taken up at the convenience

of the engineer at any time in order as previously stated, but none

will be carried beyond uncompleted sections to the east. The field
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is a base line or standard parallel, the last miles of the meridional 
section lines will be continued as true lines parallel to the east boundary 
of the township, setting permanent quarter-section corners at 40 
chains from the south and closing section corners at the points of 
intersection of the several lines with the base, standard, or correction 
line, where the distances will be measured to the nearest corners on 
said line; and new quarter-section corners, common to the sections 
of the township which is being subdivided, will be placed on the base 

• line or standard parallel at the mean distances between the closing 
section corners, or at 40 chains from one direction, depending on the 
plan of the subdivision of the section. The adjustment of the bearing 
of all meridional section lines on account of convergency of meridians 
has already been explained in chapter II. Sections 129, 130, 131. 

178. The latitudinal section lines, except in the west range of 
sections, will normally be run without blazing through timber from 
west to east on random lines parallel to the south boundaries of the 
respective sections, setting temporary quarter-section corners at 40 
chains; the distances will be measured to the points of intersection of 
the random lines with the north and south lines passing through the 
objective section corners, and the fallings of the random lines north 
or south of said corners will be noted. Each random will be corrected 
to a true line by returning to accomplish the required blazing and 
marking between the section corners, including the permanent 
establishment of quarter-section corners at the mid-poirds on the true 
lines. The bearings of the true lines will be calculated on the basis of 
the faIlings of the randoms (see Table 3, Standard Field Tables). In 
the west range of sections the random latitudinal section lines will be 
run from east to west, parallel to the south boundaries of the respective 
sections, and on the true lines the permanent quarter-section corners 
will be established at 40 chains from the east, thus placing the frac
tional measurements in the west half miles. Section 544. 

179. Meander corners will be established at the points of inter
section of the several true lines with all meanderable bodies of water. 

180. The meridional section lines will have precedence in the 
order of execution, and these will be surveyed successively, begin
ning with the first meridional section line counting from the east. 
A meridional section line will not be continued beyond a section 
corner until after the connecting latitudinal section line has been 
surveyed, and in the case of the fifth meridional section line, both 
latitudinal section lines connecting east and west will be surveyed 
before continuing with the meridional line beyond a section corner. 
The successive meridional lines may be taken up at the convenience 
of the engineer at any time in order as previously stated, but none 
will be carried beyond uncompleted sections to the east. The field 
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notes will be compiled in ranges of sections beginning with the eastern-

most, and the west two ranges will be compiled by alternating with

the adjoining east and west sections. The specimen field notes

exemplify the usual order of survey and the prescribed method of

arranging the field notes. Appendix VIII.

181. Thus the subdivisional survey will proceed in accordance with

instructions prescribed in sections 177 to 180, inclusive.

The field notes will embrace a complete record of the manner in

which the subdi visional lines are run and established, and will include

a prefacing statement that random line field notes are omitted except

where necessary to record offsets, triangulations, stadia measurements,

and important observations. Such measurements will be recorded in

the transcribed field notes only where the ground has not been, or

cannot be measured with the steel tape, or where the line passes over

corner points without monumentation. Section 544.

The field tablets will contain all details of the survey, including the

direction of projection of random lines, the amount of the falling left

or right of the objective corner, and the calculated return course or

true line.

The system of rectangular surveys places every means at the dis-

posal of the engineer by which he may accomplish accurate results,

and provides amply for the adjustment of all reasonable closing errors.

Thus, a slight error in the alinement of the meridional section lines is

taken up in the measurement of the latitudinal lines which, in order

to come within the rectangular limit, must be within 50 links of 80

chains in length, except in the west range of sections where the con-

vergency of the meridional lines is regularly provided for; the accu-

mulated error in alinement for the 5 miles of true meridional line is

taken up in the sixth mile, which is run random and true; here the

true line must be within 21' of cardinal in order to come within the

rectangular limit. The slight, ordinary errors in the measurement

of the meridional section lines are taken up by the adjustment of the

bearings of the latitudinal section fines which, in order to come

within the rectangular limit, must be within 21' of cardinal; the

accumulated error in measurement in running north is placed in the

last fractional half mile; here the meridional distance will be checked

by a calculated closing around the last section, and the latitudinal

error must not exceed 50 links (or X4o) in order to come within the

usual limits of closure. The accuracy of the subdivisional survey

will everywhere be tested by the usual rules for limits of closure,

hereinafter described. The engineer should discriminate carefully

between the limits for subdivision and limits of closure and note with

due respect that whereas the latter may admit of differences as great

as 50 links in any one section, the former are controlled by the limit of

180

196 MANUAL OF SURVEYING INSTRUCTIONS 

notes will be compiled in ranges of sections beginning with the eastern
most, and the west two ranges will be compiled by alternating with 
the adjoining east and west sections. The specimen field notes 
exemplify the usual order of survey and the prescribed method of 
arranging the field notes. Appendix VIII. 

181. Thus the subdivisional survey will proceed in accordance with 
instructions prescribed in sections 17,7 to 180, inclusive. 

The field notes will em brl\ce a complete record of the manner in 
which the subdivisionallines are run and established, and will include 
a prefacing statement that random line field notes are omitted except 
where necessary to record offsets, triangulations, stadia measurements, 
and important observations. Such measurements will be recorded in 
the transcribed field notes only where the ground has not been, or 
c.annot be measured with the steel tape, or where the line passes over 
comer points without monumentation. Section 544. 

The field tablets will contain all details of the survey, including the 
direction of projection of random lines, the amount of the falling left 
or right of the objective corner, and the calculated return course or 
true line. 

The system of rectangular surveys places every means at the dis
posal of the engineer by which he may accomplish accurate results, 
Bnd provides amply for the adjustment of all reasonable closing errors. 
Thus, a slight error in the alinement of the meridional section lines is 
taken up in the measurement of the latitudinal lines which, in order 
to come within the rectangular limit, must be within 50 links of 80 
chains in length, except in the west range of sections where the con
vergency of the meridional lines is regularly provided for; the accu
mulated error in alinement for the 5 miles of true meridional line is 
taken up in the sixth mile, which is run random and true; here the 
true line must be within 21' of cardinal in order to come within the 
rectangular limit. The slight, ordinary errors in the measurement 
of the meridional section lines are taken up by the adjustment of the 
bearings of the latitudinal section lines which, in order to come 
within the rectangular limit, must be within 21' of cardinal; the 
accumulated error in measurement in running north is placed in the 
last fractional half mile; here the meridional distance will be checked 
by a calculated closing around the last section, and the latitudinal 
error must not exceed 50 links (or Ys,o) in order to come within the 
usual limits of closure. The accuracy of the subdivisional survey 
will everywhere be tested by the usual rules for limits of closure, 
hereinafter described. The engineer should discriminate carefully 
between the limits for subdivision and limits of closure and note with 
due respect that whereas the latter may admit of differences as great 
as 50 links in anyone section, the former are controlled by the limit of 
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rectangularity and will be exceeded if the accumulative error is greater

than 3%' in alinement, or 8% links per mile in measurement. The

accumulative error must ever be guarded against and avoided, and

the order of survey is arranged with a view to furnishing continuous

checks upon the accuracy of all lines.

182. Any random subdivisional line may be run for distance only

where the objective section corner is in sight, but the bearing will be

recorded, and the usual rules for running random and true lines will

be duly observed in every other respect. The random latitudinal

section lines, except in the west range of sections, will normally be

run from west to east, thus always closing upon a previously estab-

lished section comer; but when under the exigencies of the field work,

in order to economize the time of his party, the engineer may elect

to project the random from east to west (always parallel to the south

boundary of the section), a temporary section corner (if the permanent

corner has not already been established) will be set at 80 chains, and

the true point for the section corner will be determined as usual at
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rectangularity and will be exceeded if the accumulative error is greater 
than 3W in alinement, or 8~ links per mile in measurement. The 
accumulative error must ever be guarded against and avoided, and 
the order of survey is arranged with a view to furnishing continuous 
checks upon the accuracy of all lines. 

182. Any random subdivisional line ma.y be run for distance only 
where the objective section corner is in sight, but the bea.ring will be 
recorded, and the usual rules for running random and true lines will 
be duly observed in every other respect. The random latitudinal 
section lines, except in the west range of sections, will nonnally be 
run from west to east, thus always closing upon a previously estab
lished section corner; but when under the exigencies of the field work, 
in order to economize the time of his party, the engineer may elect 
to project the random from east to west (always parallel to the south 
boundary of the section), a temporary section corner (if the permanent 
corner has not already been established) will be set at 80 chains, and 
the true point for the section corner will be determined as usual at 

fi 9.40. 
FIGURK 4O.-The numbel'l' on the section lines indicate the normal order of subdivision and arrangement 

of the field notes. 
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the 80-chain point on the meridional section line, whereupon the con-

nection of the random latitudinal line and the permanent marking of

the true line will be completed as regularly provided. Examples of

the authorized rules for running subdivisional lines will be found in

the specimen field notes. Appendix VIII.

Irregular Boundaries

183. Where either of the governing boundaries of a township is

disqualified as a controlling line upon which to initiate a subdivisional

survey, the necessary retracements and resuryeys or alterations will

be accomplished before subdividing as previously explained under

the subject of township exteriors; thus may be assured every possible

provision for a correct subdivisional survey except as either the south

or the east boundary may be defective in alinement and not subject

to rectification.

The specific plan that is provided in sees. 184, 185, and 186, may

be modified by the public survey office in those cases where due con-

sideration has been given to the specific problem, and provision made

for all basic requirements, and where the conditions present justify

a change from the plan herein. The basic requirements are, adherence

to the normal rectangular plan (sec. 8) where practicable; regard for

the normal location and area of square miles of 640 acres each for

the granted lands that are to be identified by the survey (the school

sections); the maximum number of rectangular sections of 640 acres

each, or aliquot parts thereof; avoiding two sets of corners when one

set is ample for all needed subdivisional requirements; and, simplicity

of survey, most readily understood by the public. The rules in these

sections have no comparable application in the execution of those

resurveys wherein prior rights have been acquired.

Sectional Guide Meridian

184. If the east boundary of the township is defective in aline-

ment, and can not be rectified, and the north boundary is thus made

defective in position, the first meridional section line will be pro-

jected on a true meridian to an intersection with the north boundary

of the township where a closing section corner will be established

and the distance measured to the nearest regular corner. The inter-

mediate quarter-section and section corners will be established

alternately at regular intervals of 40 chains, counting from the south,

unless the south boundary of the township is itself defective in

alinement. Where the north boundary is not defective in position

(nor within the danger zone) with reference to the section corners

on the south boundary (by reason of the errors in the alinement of
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the 80-chain point on the meridional section line, whereupon the con
nection of the random latitudinal line and the permanent marking of 
the true line will be completed as regularly provided. Examples of 
the authorized rules for running subdivisionallines will be found in 
the specimen field notes. Appendix VIII. 

Irregular Boundaries 

183. Where either of the governing boundaries of a township is 
disqualified as a controlling line upon which to initiate a sub divisional 
survey, the necessary retracements and resuryeys or alterations will 
be accomplished before subdividing as previously explained under 
the subject of township exteriors; thus may be assured every possible 
provision for a correct sub divisional survey except as either the south 
or the east boundary may be defective in alinement and not subject 
to rectification. 

The specific plan that is provided in secs. 184, 185, and 186, may 
be modified by the public survey office in those cases where due con
sideration has been given to the specific problem, a.nd provision made 
for all basic requirements, and where the conditions present justify 
a change from the plan herein. The basic requirements are, adherence 
to the normal rectangular plan (sec. 8) where practicable; regard for 
the normal location and area of square miles of 640 acres each for 
the granted lands that are to be identified by the survey (the school 
sections); the maximum number of rectangular sections of 640 acres 
each, or aliquot parts thereof; avoiding two sets of corners when one 
set is ample for all needed subdivisional requirements; and, simplicity 
of survey, most readily understood by the public. The rules in these 
sections have no comparable application in the execution of those 
re8'Urveys wherein prior rights have been acquired. 

Sectional Guide Meridian 

184. H the east boundary of the township is defective in aline
ment, and can not be rectified, and the north boundary is thus made 
defective in position, the first meridional section line will be pro
jected on a true meridian to an intersection with the north boundary 
of the township where a closing section corner will be established 
and the distance measured to the nearest regular corner. The inter
mediate quarter-section and section corners will be established 
alternately at regular intervals of 40 chains, counting from the south, 
unless the south boundary of the township is itself defective in 
allnement. Where the north boundary is not defective jn position 
(nor within the danger zone) with reference to the section corners 
on the south boundary (by reason of the errors in the alinement of 
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Fig.4l.

N. bdy. defective in position.
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the east boundary being compensating), the first meridional section

line will be projected 5 miles as a true line on a bearing calculated to

intersect the objective section corner on the north boundary, and the

last mile will be run as a random line on the same course and cor-

rected to a true line after the falling has been measured. The

remaining meridional section lines will be run parallel to the one

first established, in the usual manner, to closing section corners on

the last mile or random and true as the case may be.

The fractional measurements of the latitudinal section lines in

the first range of sections will be placed in the east half mile; else-

where, unless the south boundary is defective in alinement, the

latitudinal section lines will be run in the usual manner.

Sectional Correction Line

185. If the south boundary of the township is defective in aline-

ment, and can not be rectified, and the west boundary is thus made

defective in position, a sectional correction fine will be surveyed

as a permanent line on a true latitudinal curve initiated at the first

regular section corner on the east boundary and projected to an

intersection with the west boundary of the township where a closing

section corner will be established and the distance measured to the

nearest regular corner. The intermediate quarter-section and sec-

tion corners will be marked as temporary points at regular intervals

of 40 chains, alternately, counting from the east. Where the west

boundary is not defective in position (nor within the danger zone)

with reference to the section corners on the east boundary (by reason

of the errors in alinement of the south boundary being compensating),

the first latitudinal section line will be projected 5 miles as a per-

manent line on a bearing calculated to intersect the objective section

corner on the west boundary; temporary quarter-section and section

corners will be marked at regular intervals of 40 chains, alternately,

counting from the east.

The section corners on the sectional correction line will be estab-

lished at the several points of intersection of the meridional section

lines alined in the normal manner. Thereafter the quarter-section

corners on the sectional correction line will be established at the

usual mid-point positions except in the east and west ranges of

sections. The quarter-section corner between sees. 25 and 36 will

be established at 40 chains from the west if the east boundary is

defective in alinement; otherwise it will be fixed at the usual mid-

point position. The quarter-section corner between sees. 30 and

31 will be placed at 40 chains from the east, and if the sectional cor-

rection line has not been terminated at a closing section corner on the
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the east boundary being compensating), the first meridional section 
line will he projected 5 miles as a true line on a bearing calculated to 
intersect the objective section corner on the north boundary, and the 
last mile will be run as a random line on the same course and cor
rected to a true line after the falling has been measured. The 
remaining meridional section lines will be run parallel to the one 
first established, in the usual manner, to closing section corners on 
the last mile or random and true as the case may be. 

The fractional measurements of the latitudinal section lines in 
the first range of sections will be placed in the east half mile; else
where, unless the south boundary is defective in alinement, the 
latitudinal section lines will be run in the usual manner. 

Sectional Correction Line 

185. If the south boundary of the township is defective in aline
ment, and can not be rectified, and the west boundary is thus made 
defective in position, a sectional correction line will be surveyed 
as a permanent line on a true latitudinal curve initiated at the first 
regular section corner on the east boundary and projected to an 
intersection with the west boundary of the township where a closing 
section corner will be established and the distance measured to the 
nearest regular corner. The intermediate quarter-section and sec
tion corners will be marked as temporary points at regular intervals 
of 40 chains, alternately, counting from the east. Where the west 
boundary is not defective in position (nor within the danger zone) 
with reference to the section corners on the east boundary (by reason 
of the errors in alinement of the south boundary being compensating), 
the first latitudinal section line will be projected 5 miles as a per
manent line on a bearing calculated to intersect the objective section 
corner on the west boundary; temporary quarter-section and section 
corners will be marked at regular intervals of 40 chains, alternately, 
counting from the east. 

The section corners on the sectional correction line will be estab
lished at the several points of intersection of the meridional section 
lines alined in the normal manner. Thereafter the quarter-section 
corners on the sectional correction line will be established at the 
usual mid-point positions except in the east and west ranges of 
sections. The quarter-section corner between secs. 25 and 36 will 
be established at 40 chains from the west if the east boundary is 
defective in alinement; otherwise it will be fixed at the usual mid
point position. The quarter-section corner between secs. 30 and 
31 will be placed at 40 chains from the east, and if the sectional cor
rection line has not been terminated at a closing section corner on the 
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west boundary of the township (as previously provided), the line

between sees. 30 and 31 will be run random and true in the normal

manner. The quarter-section corners on the meridional section lines

in the south tier of sections will be permanently established at 40

chains south from the corners on the sectional correction line. The

balance of the subdivisional lines will be continued from the sectional

correction line in the usual manner.

186. Where the south part of the east boundary, or the east part

of the south boundary, is regular, and the balance of the exterior is

found to be defective in alinement and not subject to rectification,

the subdivisional survey will be made regular as far as possible.

The initial point for the sectional guide meridian, or for the sectional

correction line, will be determined by existing conditions, and the

subdivisional survey continued in harmony with the principles

already outlined. Thus the first meridional section line would be

continued as a sectional guide meridian if the north part of the east

boundary is defective in alinement and the north boundary is thereby

made defective in position, but if the north boundary is not defective

in position (nor within the danger zone) the first meridional section

line should be continued on a course calculated to intersect the

objective section corner on the north boundary. The same prin-

ciple would be observed if the west part of the south boundary is

defective in alinement and the west boundary is not defective in

position (nor within the danger zone), but if the west boundary is

thus made defective in position the sectional correction line should

be established on the true latitudinal curve.

Under the provisions of the above paragraph it will be seen that

the maximum number of normal sections are to be secured where the

condition of the governing boundaries warrants a combination of the

several general plans of subdivisional surveys. The sections adjoin-

ing the east boundary may be considered regular to the full extent

of their conformity with the usual rectangular limits, and where

such agreement obtains the quarter-section corners on the latitudinal

section lines will be placed at the normal mid-point position. The

sections adjoining the south boundary of the township can not be

considered regular unless the meridional lines are established at 80

chains in length, and the sections are otherwise in conformity with

the usual rectangular limits; certain exceptions to this rigid require-

ment will be noted under the subject of "fractional subdivision."

187. The field notes of subdivisional surveys embracing either a

sectional guide meridian, a sectional correction line, or other gov-

erning section line, will be compiled in the same regular order here-

tofore described, but appropriate explanatory remarks will be added

indicative of the method and order of procedure.

700004Â°â��47 14
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west boundary of the township (as previously provided), the line 
between secs. 30 and 31 will be run random and true in the norma] 
manner. The quarter-section corners on the meridional section lines 
in the south tier of sections will be pennanently established at 40 
chains south from the corners on the sectional correction line. The 
balance of the subdivislonallines will be continued from the sectional 
correction line in the usual manner. 

186. Where the south part of the east boundary, or the east part 
of the south boundary, is regular, and the balance of the exterior is 
found to be defective in nlinement and not subject to rectification, 
the subdivisional survey will be made regular as far as possible. 
The initial point for the sectional guide meridian, or for the sectional 
correction line, will be determined by existing conditions, and the 
sub divisio nal survey continued in harmony with the principles 
already outlined. Thus the first meridional section line would be 
continued as a sectional guide meridian if the north part of the east 
boundary is defective in alinement and the north boundary is thereby 
made defective in position, but if the north boundary is not defective 
in position (nor within the danger zone) the first meridional section 
line should be continued on a course calculated to intersect the 
objective section corner on the north boundary. The same prin
ciple would be observed if the west part of the south boundary is 
defective in alinement and the west boundary is not defective in 
position (nor within the danger zone), but if the west boundary is 
thus made defective in position the sectional correction line should 
be established on the true latitudinal curve. 

Under the provisions of the above paragraph it will be seen that 
the maximum number of normal sections are to be secured where the 
condition of the governing boundaries warrants a combination of the 
several general plans of subdivisional surveys. The sections adjoin
ing the east boundary may be considered regular to the full extent 
of their conformity with the usual rectangular limits, and where 
such agreement obtains the quarter-section corners on the latitudinal 
section lines will be placed at the normal mid-point position. The 
sections adjoining the south boundary of the township can not be 
considered regular unless the meridional lines are established at 80 
chains in length, and the sections are otherwise in conformity with 
the usual rectangular limits; certain exceptions to this rigid require
ment will be noted under the subject of "fractional subdivision." 

187. The field notes of subdivisional surveys embracing either a 
sectional guide meridian, a sectional correction line, or other gov
erning section line, will be compiled in the same regular order here
tofore described, but appropriate explanatory remarks will be added 
indicative of the method and order of procedure. 
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Closing Section Lines

188. In the event of defective north or west boundaries, not subject

to rectification, where the subdivisional lines cannot be connected

with the previously established exterior section corners, regularly by

random and true lines not exceeding 21' from cardinal and at the same

time not deviating more than 21' from a line parallel to the opposite

(regular) boundary of the section, the normal positions of the randoms

will be made the true lines; a closing section corner will then be

established at the point of intersection of the section fine with the

original boundary, and the distance will be measured to the nearest

original corner. The quarter-section corners on the closing section

lines will be placed uniformly at 40 chains from the south or east as

the case may be. If not already accomplished, the defective bounda-

ries of the township will be retraced as may be necessary, and the marks

upon the original corners appropriately altered as previously provided

under the subject of rectification of defective exteriors, whereupon

new quarter-section corners, common to the sections of the township

which is being subdivided, will be established on the original defective

boundaries at the mean distance between the closing section corners,

or at 40 chains from one direction, depending upon the plan of the

subdivision of the section to which a particular quarter-section corner

belongs. In a like manner, quarter-section corners between closing

section corners will be established for sections closing on a State, res-

ervation, or other irregular boundary, or on a standard line. Sec-

tions 205 and 225.

189. Corners of two sections on the governing south or east boun-

daries of a township will not be established as closing section corners,

but at regular distances by measurement on said boundaries as

already provided under the subject of rectification of defective

exteriors before subdividing; thereafter the position of said corners

will control the subdivisional survey.

190. Where a section is invaded by a surveyed State or reservation

or grant boundary, whose boundaries are at variance with the lines

of legal subdivisions, the distance on the township boundary or

section fine to the point of intersection with the irregular boundary

will be carefully measured, likewise the exact bearing of the irregular

boundary will be determined and the distance will be measured to

the nearest corner on such irregular boundary. A closing township

or section corner will or will not be established depending on the

conditions set forth in section 191.

Surveyed mineral claims, forest-homestead claims, small holding

claims, etc., intersected by or located entirely within the boundaries

of a section will be connected to a regular corner on one of the boun-
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daries of the section either by a connection from a corner of the claim

or from the mineral, location, or other corner monument to which the

claim was originally connected. The bearings and lengths of all

connecting lines will be carefully determined. A connecting traverse

line will be recorded, if one is run, but it will also be reduced to the

equivalent direct course and distance, all of which will be recorded in

the field tablets, and the course and length of the direct connecting line

will be stated in the field notes and will be shown upon the plat of

the survey.

191. If a survey is to be concluded upon an irregular boundary at

variance with the lines of legal subdivision, or if the survey is to be

continued on a blank line to acquire a definite location upon the

opposite irregular boundary, but without monumenting the rectangu-

lar survey between such irregular boundaries, a closing township or

section corner, as the case may be, will be required at the point of

intersection of the regular with the irregular line. On the other hand,

if the survey is not to be so concluded, but is to be continued for

the purpose of establishing a full complement of section and quarter-

section corners for the control of the subdivision of a section so invaded

by a private claim, no closing corner will be required.

192. In every case where a closing township or section corner is to

be established upon a standard parallel, State, reservation, grant, or

claim boundary, or upon an irregular section line or exterior, the line

closed upon will be retraced between the first corners to the right and

left of the point for the closing corner, whenever such retracement is

necessary to insure that the closing corner is established at the precise

point of intersection of the two lines. The distance from the closing

corner to the nearest corner on the line closed upon will always be

measured and recorded.

SUBDIVISION OF SECTIONS

193. Revised Statutes, sees. 2396, 2397 (43 U. S. C, sees. 752, 753),

contain the fundamental provisions for the subdivision of sections into

quarter sections and quarter-quarter sections. Tho principles recog-

nized by law have already been stated in chapter I. The sections

are not subdivided in the field by Bureau of Land Management ca-

dastral engineers unless provision therefor is specifically mentioned

in the written special instructions, but certain subdivision-of-section

lines are always protracted upon the official plats. When surveying

subdivision-of-section lines in the field, the local surveyor must cor-

relate the conditions as found upon the ground with those shown upon

the approved plat. The Bureau of Land Management cadastral en-

gineer is required so to establish the official section boundary monu-
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ments that a proper foundation is laid for the subdivision of the sec-

tion, whereby the officially surveyed lines may be identified and the

subdivision of the section controlled as contemplated by law.

194. The rectangular system provides for the unit of administration

under the general land laws, broadly, the quarter-quarter section of

40 acres, upon a plan in which the square mile, or section of 640

acres, is the unit of subdivision, while the unit of survey is the town-

ship of 36 sections. The function of the cadastral engineer of the

Bureau of Land Management has been fulfilled when he has executed

and monumented his survey properly and returned an official record

thereof in the form of complete detailed field notes and a plat. The

plats are constructed in harmony with the official field notes returned

by the engineer. The lands surveyed are identified on the ground

by fixed monuments established in the survey. A United States

patent conveys the title to a tract defined by those fixed monuments

and related by description and outline to the official plat.

The function of the local surveyor begins when he is employed as

an expert to identify the lands which have passed into private owner-

ship; this may be a simple or a most complex problem, depending

largely upon the condition of the original monuments as affected

principally by the lapse of time since the execution of the official

survey. The work of the local surveyor usually includes the subdi-

vision of the section, already mentioned as the official unit of subdivi-

sion, into the fractional parts shown upon the approved plat. In

this capacity the local surveyor is performing a function contemplated

by law, and he cannot properly serve his client or the public unless

he is familiar with the legal requirements concerning the subdivision

of sections. In the event that the original monuments have become

lost the surveyor cannot hope effectively to recover said corners with-

out a full understanding of the record concerning their original estab-

lishment, nor can the surveyor hope legally to restore the same until

he has mastered not only the principles observed in the execution of

the original survey, but the principles upon which the courts having

jurisdiction over such matters have based their rulings.

195. The Bureau of Land Management assumes no control or direc-

tion over the acts of local and county surveyors in the matters of

subdivision of sections and reestablishment of lost corners of original

surveys where the lands have passed into private ownership, nor will

it issue instructions in such cases. It follows the general rule that

disputes, arising from uncertain or erroneous location of corners, orig-

inally established by the United States, are to be settled by the proper

local authorities or by amicable adjustment, and the Bureau desires

that the rules controlling the acts of its own cadastral engineering

service be considered by all other surveyors as merely advisory and
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explanatory of the principles which should prevail in performing such

duties.

The subject of restoration of lost corners will be treated in chapter V,

as the purpose here is to outline the principles concerning the sub-

division of sections.

Subdivision by Protraction

196. Upon the plat of all regular sections the boundaries of the

quarter sections are shown by broken straight lines connecting the

opposite quarter-section corners. The sections bordering the north

and west boundaries of a normal township, excepting section 6, are

further subdivided by protraction into parts containing two regular

half-quarter sections and four lots, the latter containing the fractional

areas resulting from the plan of subdivision of normal townships; the

lines of the half-quarter sections are protracted from three points 20

chains distant from the line connecting the opposite quarter section

corners, two of said distances counting on the opposite section l'nes

and one counting on the line between the fractional quarter sections;

the lines subdividing the fractional half-quarter sections into the

fractional lots are protracted from mid-points on the opposite bound-

aries of the fractional quarter section. The two interior sixteenth-

section corners on the boundaries of the fractional northwest quarter

of sec. 6 are similarly fixed at points 20 chains distant north and west

from the center of the section, from which points lines are protracted

to corresponding points on the west and north boundaries of the

section, resulting in subdivisions containing one regular quarter-

quarter section and three fractional lots. The fractional lots herein

described will be numbered in a regular series progressively from east

to west or from north to south, in each section. As sec. 6 borders on

both the north and west boundaries of the township, the fractional

lots in the same will be numbered commencing with No. 1 in the

northeast, thence progressively west to No. 4 in the northwest, and

south to No. 7 in the southwest fractional quarter-quarter section.

The regular quarter-quarter sections are aliquot parts of quarter

sections based upon mid-point protraction; it is not deemed necessary

to indicate these lines upon the official plat.

197. Sections which are invaded by meanderable bodies of water,

or by approved claims at variance with the regular legal subdivisions,

are subdivided by protraction into regular and fractional parts as

may be necessary to form a suitable basis for the administration of

the public lands remaining undisposed of, and to describe the latter

separately and apart from the segregated areas.
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Fig. 47.
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The meander line of a body of water and the boundary lines of

private claims are platted in accordance with lines run or connec-

tions made in the field; thereupon the sections so invaded are sub-

divided as nearly as possible in conformity with the uniform plan

already outlined. The subdivision-of-section lines are terminated

at the meander line or claim boundary, as the case may be, but the

position of the subdivision-of-section lines is controlled precisely

as though the section had been completed regularly. In the case

of a section whose boundary lines are in part within the limits of a

meanderable body of water, or within the boundaries of a private

claim, the said fractional section lines are, for the purpose of uniformity,

completed in theory, and the protracted position of the subdivision-

of-section lines is controlled by the theoretical points so determined.

198. In the subdivision of fractional sections as many regular

parts should be secured as possible, except to avoid thus creating

poorly shaped fractional lots. Skill and judgment must be exercised

to accomplish a subdivision which embraces simplicity of platting

as well as a form to each and every lot that will prove to be equitable

to the entryman. In the case of fractional lots along the north and

west boundaries of a township, and in other similar cases where a

lot has a full normal width of 20 chains in one direction, it is gen-

erally advisable to avoid areas of less than 10 or more than 50 acres,

but in the instance of fractional lots along a meander line or other

irregular broken boundary, where the width of the lot in both direc-

tions may be considerably less than 20 chains, resulting in tracts of

more compact form, it is generally better to avoid an area of less

than 5 or more than 45 acres. Extreme lengths or narrow widths

should be avoided; the longer direction should extend back from a

meander line or claim boundary rather than along the same. It is

inconsistent that a fractional lot lie partly in two sections, and it is

generally better, when consistent with other rules, to avoid fractional

lots extending from one into another fractional quarter section.

199. To secure a uniform system for numbering lots of fractional

sections, including those above specified, imagine the section divided

by parallel latitudinal lines into tiers, numbered from north to south;

then, beginning with the eastern lot of the north tier, call it No. 1,

and continue the numbering west through the tier, then east in the

second, west in the third, east in the fourth tier, etc., until all

fractional lots have been numbered. These directions will be main-

tained even though some of the tiers contain no fractional lots. A

lot extending north and south through two, or part of two tiers, will

be numbered in the tier containing its greater area. This method of

numbering will apply to any part of a section. A section that has
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been partly surveyed at different times should have no duplication

of lot numbers.

200. When, by reason of irregular surveys or from other causes,

the length of a township from south to north exceeds the regular

length of 480 chains, or the width from east to west exceeds 480

chains, to such an extent as to require two or more tiers of lots along

the north boundary, or two or more ranges of lots along the west

boundary, as the case may be, the entire north or west portions of

said sections beyond the regular legal subdivisions usually provided

in these sections, will be suitably lotted, and to each lot will be

assigned a proper number. Certain exceptions to this rule will be

found in chapter VII, in the instance of townships which possess

abnormal dimensions in one or both directions.

201. If the first meridional section line of a township has been

established as a sectional guide meridian, or the first latitudinal

section line has been established as a sectional correction line,

fractional lots will result along the east or south boundary of the

township, . as existing conditions may necessitate. Thus, where

either the east or south boundaries of a township are defective in

alinement (and not subject to rectification before subdividing) the

sections bordering such defective boundaries will be subdivided by

protraction in accordance with rules similar to those which operate

in regard to sections bordering the north and west boundaries of a

normal township. Other examples of subdivision of sections will be

found under the general subject of "fractional subdivision."

Subdivision by Survey

202. The rules for subdivision of sections by actual survey in the

field are based upon the laws governing the survey of the public lands.

When cases arise which are not covered by these rules, and the

advice of the Bureau of Land Management in the matter is desired,

the letter of inquiry should, in every instance, contain a description

of the particular tract or corner, with reference to township, range,

and section of the public surveys, to enable the office to consult the

record; also a diagram showing conditions found, giving distances in

chains and links and not in feet.

203. Preliminary to subdivision it is essential to identify the bound-

aries of the section, as it can not be subdivided until the section corners

and quarter-section corners have been jound, or restored by proper

methods, and the resulting courses and distances determined by survey.

204. The order of procedure is: First, identify or reestablish the section

boundary corners; next, fix the lines of quarter sections; then, form the

smaller tracts by equitable and proportionate division, according to the

rules that follow.
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Subdivision of Sections Into Quarter Sections

205. The method to be followed in the subdivision of a section into

quarter sections is to run straight lines from the established quarter-

section corners to the opposite quarter-section corners; the point of

intersection of the lines thus run will be the corner common to the several

quarter sections, or the legal center of the section.

Upon the lines closing on the north and west boundaries of a

regular township the quarter-section corners were established origi-

nally at 40 chains to the north or west of the last interior section

corners, and the excess or deficiency in the measurement was thrown

into the half mile next to the township or range line, as the case may

be. If such quarter-section corners are lost they should be reestab-

lished by proportionate measurement based upon the original record.

Where there are double sets of section corners on township and

range lines, the quarter-section corners for the sections south of

the township line and east of the range line have not usually been

established in the original surveys; in subdividing such sections new

quarter-section corners are required, to be so placed as to suit the

calculations of the areas that adjoin the township boundary, as ex-

pressed upon the official plat, adopting proportional measurements

where the new measurements of the north or west boundaries of the

section differ from the record distances.

Subdivision of Fractional Sections

206. The law provides that where opposite corresponding quarter-

section corners have not been or can not be fixed, the subdiviswn-of-

section lines shall be ascertained by running from the established corners

north, south, east, or west lines, as the case may be, to the water course,

reservation line, or other boundary of such fractional section, as repre-

sented upon the official plat.

In this the law presumes that the section lines are due north and

south, or east and west lines, but this is not usually the case. Hence,

in order to carry out the spirit of the law, it will be necessary in run-

ning the center lines through fractional sections to adopt mean courses,

where the section lines are not on due cardinal, or to run parallel to

the east, south, west, or north boundary of the section, as conditions

may require, where there is no opposite section line. Section 197.

Subdivision of Quarter Sections

207. Preliminary to the subdivision of quarter sections, the quarter-

quarter- or sixteenth-section corners will be established at points mid-

way between the section and quarter-section corners, and between the

quarter-section corners and the center of the section, except on the last
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halj mile oj the lines closing on township boundaries, where they should

be placed at 20 chains, proportionate measurement, counting from the

regular quarter-section corner. Sections 209, 468.

The quarter-quarter- or sixteenth-section corners having been estab-

lished as directed above, the center lines oj the quarter section will be

run straight between opposite corresponding quarter-quarter- or six-

teenth-section corners on the quarter-section boundaries. The inter-

section oj the lines thus run will determine the legal center oj a quarter

section. Section 468.

Subdivision of Fractional Quarter Sections

208. The subdivisional lines oj fractional quarter sections will be

run from properly established quarter-quarter- or sixteenth-section cor-

ners, with courses governed by the conditions represented upon the

official plat, to the lake, water-course, reservation, or other irregular

boundary which renders such sections fractional. Section 197.

209. By "proportionate measurement" is meant a measurement

having the same ratio to that recorded in the original field notes as

the length of the line by re-measurement bears to its length as given

in the record. Reasonable discrepancies between former and new

measurements may generally be expected. Errors may occur through

many causes and should be as carefully avoided in re-measurements

as in original surveys. Instead of the old practice of "adjusting

the chain" to suit the former measure, the distance obtained by

a precise method is compared with that of the record, and the shortage

or surplus is distributed by proportion, producing the same result

in a more reliable manner. For example: The length of the fine

from the quarter-section corner on the west boundary of section

2 to the north line of the township, by the official survey was reported

as 43.40 chains, and by the county surveyor's measurement was

found to be 42.90 chains; then the distance which the quarter-quarter-

or sixteenth-section corner should be located north of the quarter-

section corner would be determined by proportion as follows: As 43.40

chains, the official measurement of the whole distance, is to 42.90

chains, the county surveyor's measurement of the same distance, so

is 20 chains, original measurement, to 19.77 chains by the county

surveyor's measurement, showing that by proportionate measurement

in this case the quarter-quarter- or sixteenth-section corner should

be set at 19.77 chains north of the quarter-section corner, instead of

20 chains north of said corner, as represented on the official plat. In

this manner the discrepancies between original and new measure-

ments are equitably distributed.

210. By way of recapitulation it should be emphasized that when

entrymen have acquired title to certain legal subdivisions they have
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Fig. 49.
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Official measurements.

Remeasurements.

The above examples of subdivision by survey show the relation of the official measurements and calcu-

lated distances to the remeasurements, and indicate the proportional distribution of the diflerences.
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Remeasurements. 
The above examples of subdivision by sU!'vey show the relation of the official measurements and caleu· 

lated distances to the remeasurements. and indicate the proportional distribution of the differences. 
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become the owners of the identical ground area represented by the

same subdivisions upon the official plat. It is a matter of expert or

technical procedure to mark out the legal subdivisions called for in

a patent, and entrymen are advised that a competent surveyor

should be employed. The surveyor must necessarily identify the

section boundaries and locate the legal center of the section in order to

determine the boundaries of a quarter section. Then, if the bound-

aries of quarter-quarter sections, or fractional lots, are to be deter-

mined on the ground, the boundaries of the quarter section must be

measured, and the sixteenth-section corners thereon should be fixed

in accordance with the proportional distances represented upon the

approved plat, thereupon the legal center of the quarter section

may be duly located. Thus will be produced in the field the figure

represented upon the plat, every part of the former in true propor-

tion to the latter, where the elements of absolute distance and area

have given way to corresponding proportional units as defined by

fixed monuments established in the original survey.

FRACTIONAL SUBDIVISION OF TOWNSHIPS

211. In the preceding sections covering the subject of subdivision

of townships every assumption was based upon initiating the sub-

divisional survey upon regularly established exteriors, or, when

necessary, a sectional guide meridian or a sectional correction line, or

both, were to be established, upon which rested the control of the

subdivision of the township. The subdivision of every full township

may always be governed by the aforestated rules, but many other

factors operate in determining the method and order of procedure to

be adopted in the instance of fractional townships which have no linear

south or east boundary, or in the case of continuing with the survey

of partially subdivided townships, where one or more of the previously

established section lines may be found to be defective in respect to

the rectangular limit, or where partially surveyed sections, or sections

containing outlying areas protracted as surveyed, are to be completed.

The cadastral engineer can not hope to master the subject of fractional

subdivision of townships until he has become thoroughly familiar with

every question relating to the subdivision of sections, nor is it possible

to give in the Manual an example of every intricate problem which

may be encountered in the field; thus the following discussion deals

primarily with the principles, which must be considered in the field,

operating to control the engineer's method and order of procedure.

It is possible, however, that cases may arise so complex in their

character as to produce a feeling of doubt relative to the proper

solution of the problem; in which case the engineer will at once com-
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municate with the regional or public survey office, submitting in-

formation, by letter and diagram, of the exact condition as found

by him, and the necessary instructions will be forwarded.

FRACTIONAL TOWNSHIPS

212. Where by reason of the presence of a large meanderable body

of water, impassable objects, a State or reservation or grant boundary,

or for other similar reasons a township is made fractional and is

without a full linear south or east boundary, and it has been found

advisable to run section lines as offsets to the township exteriors, the

fractional section lines south and east of said controlling lines will be

projected opposite to the usual direction; the fractional measurements

on said lines and the resulting fractional lots will be placed against

the irregular boundary. If similar conditions obtain throughout the

north or west part of a fractional township no departure from the reg-

ular order of subdivision becomes necessary; in all such cases the

fractional measurements on the exterior and subdivisional lines, and

the resulting fractional lots, will be placed to the north and west

against the irregular boundary.

213. Where on account of impassable objects or for other reasons

no part of the south boundary of a township can be regularly estab-

lished, the subdivision thereof may proceed from north to south

and from east to west, thereby throwing all fractional measurements

and areas against the west boundary and the meanderable stream or

other boundary limiting the township on the south; if the east

boundary is without regular section corners and the north boundary

has been run eastwardly as a true line, with section corners at regular

intervals of 80 chains, the subdivision of the township may be made

from west to east, in which case the fractional measurements and areas

will be thrown against the irregular east boundary; on the other

hand, if the north boundary of sec. 6 is fractional, a sectional guide

meridian will be initiated at the easternmost regular section corner on

the north boundary of the township, which will be projected to the

south to take the place of a governing east boundary, thus the sub-

divisional survey would be projected from north to south and from

east to west, with fractional measurements, and resulting fractional

lots, on the east, south and west boundaries of the township. The

accompanying diagrams are illustrative of the principles which operate

to control the subdivision of partial townships.

It will be observed that in the case of fractional townships, the

sections bear the same numbers they would have had if the townships

were full, that is to say the section numbers are employed which are
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the proper section numbers relating to the sides which are the govern-

ing boundaries, leaving any deficiency to fall on the opposite sides.

214. A very considerable class of surveys now coming before the

Bureau of Land Management embraces the continuation of the sub-

divisional survey of townships previously subdivided in part only,

frequently including the completion of partially surveyed sections or of

sections containing outlying areas protracted as surveyed. If defec-

tive conditions are encountered in the previously established surveys,

the problems concerning the procedure to be adopted multiply rapidly

and require the greatest skill on the part of the engineer. In the

construction of new township plats the former parctice of showing

certain outlying areas of sections protracted as surveyed has been

abandoned as unsatisfactory and inconsistent with the surveying

laws. Section 583.

215. Most original surveys which are to be extended were executed

many years ago when the remaining areas now to be surveyed were

considered waste lands. Due to the ravages of time and the inferior

monumentation of the early surveys, obliteration is so far advanced

in the majority of cases that usually resurveys are required to identify

and remonument the limiting boundaries of the area to be surveyed

so far as the section or subdivision-of-section lines controlling the new

areas may depend upon the position of the previously established

corners. In order properly to determine the position of a lost corner,

the engineer often will be required to retrace additional lines which

are not the boundaries of sections containing the new areas to be

surveyed, but no reestablishments of original corners on such lines are

required. The theoretical position of a lost corner on such lines may

be at variance with an unofficial corner established by local survey,

accepted and recognized by the owners of the private lands affected;

thus much controversy between landowners is avoided if the reestab-

lishments are confined strictly to those corners which control the

position of the section boundaries or the subdivision-of-section lines

affecting the public lands to be surveyed. Identified original corners

which are adopted as a basis from which to control the reestablish-

ments bordering the public land sections will be rehabilitated but not

remonumented. All restorations of lost corners will be made in

strict accordance with the provisions of chapter V.

The field notes of such resurveys should include an explanation of

their purpose and extent preliminary to proceeding with the running

of the new hues as set out in the special instructions, giving all needed

historical references to the related prior surveys. The detail will be

written in the usual field note record form, following the introductory

statement.
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The plat, in addition to the usual data, may if desirable carry a

marginal memorandum (or diagram) that makes it clear what lines

of the prior survey have been retraced as a basis for extending the

new lines. If no changes in the former lottings and areas in the

resurveyed portion are to be made it will be stated that the lottings

and areas remain as shown on the plat (or plats) approved

(date or dates).

Completion of Partially Surveyed Sections

216. Many assignments for fragmentary surveys require the com-

pletion of the survey of portions of boundaries of sections heretofore

unsurveyed, in which sections are contained areas fixed in position

by less than the regular complement of corners usually established

for the identification of the legal subdivisions of the section. In

the completion of such partially surveyed sections, the engineer

will be expected to give full consideration to the manner of protecting

acquired rights based upon the former approved plats. Section 583.

The following 10 principles are distinctly applicable to the subject:

1. The legal procedure governing the subdivision of any normal section into

quarter sections is based broadly on the principle that the partition lines may be

definitely fixed by four opposite quarter-section corners established on its bound-

aries; the intersection of the true center lines thus controlled is the legal point

for the interior quarter-section corner of a section.

2. The legal procedure governing the subdivision of regular quarter sections

into quarter-quarter sections is based broadly on the same principle of controlling

lines projected between opposite sixteenth-section corners of the quarter section,

the latter corners established at mid-points on the true lines bounding the quarter

section; the intersection of the true center lines of the quarter section is the legal

point for the interior sixteenth-section corner of such regular quarter section.

3. The legal procedure governing the subdivision of sections containing frac-

tional lots into their component regular quarter-quarter sections and fractional

lots is based on the same principle with the simple modification that the sixteenth-

section corners on the boundaries of such quarter sections are themselves estab-

listed at distances conformable to the proportions shown on the official plat.

4. The fact that the full complement of four section corners of the section and

all of the four opposite quarter-section corners has not been established in an

accepted survey does not impair the validity of any areas shown upon the ap-

proved plat, and the legal procedure to be adopted in the extension of the bound-

aries of such sections must be such as to fix, within reasonable limits, the remain-

ing quarter-section corners in a position which will protect the integrity of the

original areas by controlling center lines connecting the old and new quarter-

section corners.

5. In the rectangular system the section is recognized as the unit of subdivision,

and in proceeding with the extension of fragmentary surveys first consideration

must necessarily be given to the completion of the survey of fractional sections.

No invasion of the original unit is tolerable if any portion of such unit has been

surveyed, or if outlying areas have been shown protracted as surveyed.

6. "Reasonable limits" for the fixation of the remaining quarter-section cor-
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section corners. 

5. In the rectangular system the section is recognized as the unit of subdivision, 
and in proceeding with the extension of fragmentary surveys first consideration 
must necessarily be given to the completion of the survey of fractional sections. 
No invasion of the original unit is tolerable if any portion of such unit has been 
surveyed, or if outlying areas have been shown protracted as surveyed. 

6. "Reasonable limits" for the fixation of the remaining quarter-section cor-
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ners of a section in a position which will protect the integrity of the original areas

of such section may be considered such as for alinement when not to exceed 21'

from a cardinal course, and for measurement when not to exceed 25 links from 40

chains where the opposite portion of the section boundary is shown as 40 chains,

or in proportion as a limiting difference when the opposite portion of the section

is more or less than 40 chains This concession as to limits is made in the interest

of simplicity, where by such concession rectangularity of both the old and new

surveys may be maintained if so harmonized.

7. The position of the new quarter-section corner which is to be established

on the new opposite boundary of a fractional section will be controlled from one

direction only if the old opposite distance has been made to count from one di-

rection only, and the controlling measurement will be made to harmonize with

the length of the opposite portion of the section, but if the old opposite distance

has been made to count from two directions the position of the new quarter-sec-

tion corner will be controlled from the two directions and the proportional lengths

of the two portions of the new line will be made to harmonize with the proportional

lengths of the two parts of the old opposite boundary, all as indicated by the dis-

tances and areas shown on the original approved plat.

8. The underlying principles governing the rectangular surveying system are

equally applicable to the completion of the survey of fractional sections, and given

a condition in an original survey which in all its various elements is "within

limits" within the meaning of the rectangular surveys, the simple plan of continu-

ing in the same manner and order as would have been adopted in the original sur-

vey, if the same had not been discontinued, will accomplish usually in its simplest

form the completion of the survey of fractional sections; this becomes the first

duty of the engineer before proceeding with the survey of additional sections, so

that should irregularity be developed, no invasion of partially surveyed sections

can result from the irregularities of other sections. It follows in principle, when

irregularity is developed, that the engineer will be best prepared to detei mine the

proper method of survey adapted to procure simplicity of correction of existing

irregularities and an early resumption of regularity, when he is in possession of

full data concerning the conditions of all the old lines limiting the fragmentary

surveys and upon which the new lines are to be initiated or closed, his knowledge

being based upon the results of actual retracement of such irregular old lines. It

must be granted that a skillful exercise of judgment by the engineer based upon

his knowledge of the facts is far more desirable than to restrict him to the app-

lication of empirical rules devised to cover possible but innumerable combinations

of irregularity.

9. The completion of the survey of the partially surveyed sections will be made

as nearly as possible in accordance with the regular rules for subdividing when the

original lines are found to be within limits; otherwise, such sections will be com-

pleted by surveying all lines in such a manner that each and every section (except-

ing in cases of unavoidable hiatus or overlap) shall have four regular boundaries

without offsets, with four governing section corners and four controlling quarter-

section corners in such positions as to maintain the integiity of the fractional

areas already shown upon the original plat. The subdivision thereof may then

be made by connecting the opposite quarter-section corners in the regular manner

with resulting locations agreeable to the legal subdivisions shown upon the

original plat. If an hiatus or overlap is unavoidable, the position of the new

quarter-section corner or corners will be carefully determined for latitude on a

meridional line or for departure on a latitudinal line on the same plan as would

have resulted in the regular survey of a new boundary extending in full from
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the one or two directions which control the position of the new quarter-section

corner or corners.

10. Adjoining sections must be considered separately when placing the new

quarter-section corners, and the new corner need not be common to the four quar-

ters of the two adjoining sections unless the theoretical position for each section

falls within 25 links of a common point; in which case the difference may be ad-

justed in such a manner as to secure maximum regularity.

A private survey made for the purpose of marking on the ground a

theoretical line, platted but not run by the Government, where exe-

cuted within allowable departure from cardinal course, and relied upon

by owner under title passed by the United States in the placing of

improvements upon the patented land, will not be disturbed, but it

will be adopted by the Government as a boundary for closure of the

survey of the adjoining public land. Algoma Lumber Co. v. Kruger,

50L. D. 402 (1923).

Examples: Manual Appendix III.

217. The meridional line out of limits in measurement.

218. The meridional line out of limits in alinement.

219. Combinations of the discrepancies.

220. Half sections protracted as surveyed.

221. Fractional parts of sections protracted as surveyed.

222. The application of the rules for the completion of the bound-

aries of irregular sections which contain outlying areas protracted

as surveyed will not usually permit the complete establishment of the

lines, and the marking of the monuments, until all directions and lengths

of the lines, and the exact situation with respect to the units of the

adjoining sections, have been determined on the ground, and repre-

sented by diagram.

223. A distinctly different class of partially surveyed sections is

found along erroneous meander lines shown upon approved plats of

fractional townships. Such sections are never subject to completion

except as definitely authorized in the written special instructions

furnished to the engineer, as the approved plat must be held to repre-

sent correctly a true meanderable body of water until proven otherwise

to the satisfaction of the Bureau of Land Management, as intimated

in section 3, chapter I. Numerous instances are on record, however,

where the evidence submitted to the Bureau is conclusive that sur-

veyors have erroneously classified overflowed lands as meanderable,

or where the recorded meander line does not and never did conform

to the mean high-water elevation of an actual meanderable body of

water, thus erroneously omitting considerable areas of land. The

questions of title to such areas are extremely intricate, and the original

surveys will be extended only under definite authorization by the

Bureau of Land Management. The surveying problems arise only
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when the extension of the original survey beyond the meander line

shown upon the approved plat has been duly authorized. Sections

521-529, inclusive.

The reestablishment of the original meander line with a suitable

monument at each angle point is a usual accompaniment of the

above class of surveys, the purpose being to segregate definitely the

previously surveyed areas from the unsurveyed public lands; it is

more appropriate to consider the surveying questions thus involved

along with other problems relating to the reestablishment of broken

boundaries, where the subject will be found in section 380, chapter V.

The next step in the field is to complete the partially surveyed sections

and the procedure in practically every instance will be controlled

by the rules already outlined in respect to the completion of the

survey of sections containing outlying areas protracted as surveyed;

it seems unnecessary to repeat the governing principles in such

closely related cases.

Subdivision of Fractional Sections Resulting From Fractional Surveys

224. The one best test of the fitness of a proposed method incident to

the completion of partially surveyed sections will be found in platting

the section for subdivision by protraction; thereupon the regular rules

for subdivision of sections should be applicable. Thus the position

of the new quarter-section corners, established to control the sub-

division of a particular section in question, must be such as to permit

the center lines from said points to the opposite original quarter-

section corners to be connected in strict harmony with the conditions

represented upon the original approved plat, disregarding the effect

upon the subdivision of the newly surveyed public land. Likewise

the lines connecting the sixteenth-section corners on the opposite

boundaries of a quarter section must conform to the conditions repre-

sented upon the original plat. When the subdivision-of-section lines

are thus platted the section may be considered satisfactory if the

integrity of the original areas is in no way violated. When the sub-

division-of-section lines are platted as suggested, the permanent

conditions affecting the new areas may be considered, and should be

harmonized with the following additional rules:

1. The new areas should be complementary to the original areas

by the extension of the subdivision-of-section lines as already pro-

tracted upon the original plat, except as poorly shaped lots, or lots

of too great or too little area, would result in violation of the regular

rules for subdivision of sections.

2. The same meridional limit may be permitted, in the interest

of regularity and simplicity of platting, as is ordinarily allowed in
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latitudinal section lines; i. e., a section may be considered regular

whose boundary lines are all for alinement when not to exceed 21'

from a cardinal course, and for measurement when not to exceed 25

links from 40 chains between the section and quarter-section corners.

Such regular sections may be subdivided into regular quarter sec-

tions and quarter-quarter sections as far as possible. A section

having three regular boundary lines may be subdivided in accord-

ance with the usual rules for subdividing sections along the north

and west boundaries of a normal township. A section having two

adjacent regular boundary lines may be subdivided similarly to the

manner in which sec. 6 of a normal township is treated. All other

sections should be treated as irregular, with subdivision-of-section

lines protracted to mid-points on the boundaries of the quarter sec-

tions, except as a calculated proportional position for a sixteenth-

section corner is made necessary by reason of conditions relating to

the complementary area shown upon the original plat.

3. All new fractional lots will be numbered beginning with the

next higher number in the series of the same section already begun

upon the previously approved plat, and proceeding in the usual order

in which fractional lots are normally numbered. The new series may

begin with No. 1 in case the fractional parts of the original area are

not designated by lot number.

Completing the Subdivision of a Partial Township Resulting From

Fragmentary Surveys

225. After the partially surveyed sections have been fully completed

the engineer may proceed with the subdivision of the remaining

portions of the township. Every condition represents a separate

problem, and few specific rules would serve any purpose in guiding

the engineer to a definite procedure. If no irregularities are to be

found in the previously established lines the new survey may proceed

normally, but if defective conditions are encountered the irregularities

are not to be extended into unsurveyed sections any farther than

necessary to incorporate the resulting fractional measurements into

suitable fractional lots adjoining the former surveys. Preference

should be given to extending all surveys from south to north and

from east to west, but if a better control is available by reversing the

procedure in one or both directions, thus resulting in a simpler and

better survey in respect to minimizing the number of extra corners as

well as fractional lots, such reversal of procedure is fully warranted.

The principle relating to controlling coordinate measurements in two

directions at right angles, as along the south and east boundaries of a

township, may be applied to the subdivisional lines best suited to
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Fig. 65 (West half)

Example showing the completion of partially surveyed sections, the subdivision of

resulting from
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Fi g. 65 ( West holf) 
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Fig. 65 {East half)

fractional sections, and the completion of the subdivision!^ lines of a partial township

fragmentary surveys.
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Fig. 66 (West half)
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Fig. 66 (East half)
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control the new surveys to be executed; and, if the selected bases are

defective in alinement, in whole or in part, the new section lines may

serve the function of a sectional guide meridian or a sectional correc-

tion line as required. The corners from which the new surveys are to

be initiated and controlled in latitude and departure will be termed

corners of four sections, or of two sections as appropriate, and where

the terminal lines cannot be connected regularly with the previously

established section corners by random and true line not exceeding 21'

from cardinal, a closing section corner will be established in full

accord with the principle relating to the establishment of closing

section corners on the north or west boundaries of a township where

the latter lines are found to be defective in measurement. The

fractional measurements of the closing section lines will be placed

adjacent to the old surveys, and the distance from the closing section

corner to the nearest original corner will be measured; the original

lines forming the boundary of the lands to be surveyed will be retraced,

as already provided, and the marks upon the original corners will be

appropriately modified as necessary; new quarter-section corners

marked to control the subdivision of the new sections will be estab-

lished on the original lines at midpoints between the closing section

corners, or at 40 chains from one direction, according to the manner

in which a new section is to be subdivided.

There are generally two or more ways in which a fractional sub-

division may be executed, but a careful study by the regional or public

survey office of a sketch plat submitted by the cadastral engineer, rep-

resenting existing conditions, will generally reveal the superiority of

one method over another, and will avoid objectionable results as far

as existing conditions relating to the original surveys will permit.

MEANDERING

226. All navigable bodies of water and other important rivers and

lakes (as hereinafter described) are to be segregated from the public

lands at mean high-water elevation. The traverse of the margin of a

permanent natural body of water is termed a meander line. In

original surveys, meander lines are not run as boundary lines but for

the purpose of defining the sinuosities of the bank or shore line, and

for ascertaining the quantity of land remaining after segregation of

the water area.

The running of meander lines has always been authorized in the

survey of public lands fronting on large streams and other bodies of

water, but the mere fact that an irregular or sinuous line must be

run, as in case of a reservation boundary, does not entitle it to be

called a meander line except where it closely follows the bank of a
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stream or lake. The legal riparian rights connected with meander

lines do not apply in case of other irregular lines, as the latter are

strict boundaries.

Low-water mark is the point to which a river or other body of water

recedes, under ordinary conditions, at its lowest stage. High-water

mark is the line which the water impresses on the soil by covering it

for sufficient periods to deprive it of vegetation. Raide v. Dollar,

203 P. 469 (1921). The shore is the space between the margin of the

water at its lowest stage and the banks at high-water mark. Ala-

bama v. Georgia, 64 U. S. 505 (1859).

Numerous decisions in the United States Supreme Court and many

of the State courts assert the principle that meander lines are not

boundaries denning the area of ownership of tracts adjacent to waters.

The general rule is that meander lines are not run as boundaries, but

to define the sinuosities of the banks of the stream or other body of

water, and as a means of ascertaining the quantity of land embraced

in the survey, the stream, or other body of water, and not the mean-

der line as actually run on the ground, being the boundary. When

by action of water the bed of the body of water changes, high-water

mark changes and ownership of adjoining land progresses with it.

Lane v. United States, 274 Fed. 290 (C. C. A. 5, 1921); Harper v.

Holston, 205 P. 1062 (Wash. 1922).

Meander fines will not be established at the segregation line between

upland and swamp or overflowed land, but at the ordinary high-water

mark of the actual margin of the river or lake on which such swamp

or overflowed lands border.

227. Practically all inland bodies of water pass through an annual

cycle of changes from mean low water to flood stages, between the

extremes of which will be found mean high water. In regions of

broken topography, especially where bodies of water are bounded by

"sharply sloping lands, the horizontal distance between the margins of

the various water elevations is comparatively slight, and the engineer

will not experience much difficulty in determining the horizontal

position of mean high-water level with approximate accuracy; but

in level regions, or in any locality where the meanderable bodies of

water are bordered by relatively flat lands, the horizontal distance

between the successive levels is relatively great. The engineer will

find the most reliable indication of mean high-water elevation in the

evidence made by the water's action at its various stages, which will

generally be found well marked in the soil, and in timbered localities

a very certain indication of the locus of the various important water

levels will be found in the belting of the native forest species.

Mean high-water elevation will be found at the margin of the area

occupied by the water for the greater portion of each average year;
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at this level a definite escarpment in the soil will generally be trace-

able, at the top of which is the true position for the engineer to run

the meander line. A pronounced escarpment, the result of the action

of storm and flood waters, will often be found above the principal

water level, and separated from the latter by the storm or flood

beach; another less evidence escarpment will often be found at the

average low-water level, especially of lakes, the lower escarpment

being separated from the principal escarpment by the normal beach

or shore. While these questions properly belong to the realm of

geology, they should not be overlooked in the survey of a meander

line.

Where native forest trees are found in abundance bordering bodies

of water, those trees showing evidence of having grown under favor-

able site conditions will be found accurately belted along contour lines;

thus a certain class of mixed varieties common to a particular region

will be found only on the lands seldom if ever overflowed; another

group of forest species will be found on the lands which are inundated

only a small portion of the growing season each year, and indicate

the area which should be included in the classification of the uplands;

other varieties of native forest trees will be found only within the

zone of swamp and overflowed lands. All timber growth normally

ceases at the margin of permanent water.

228. At every point where either standard, township or section

lines intersect the bank of a navigable stream, or any meanderable

body of water, corner monuments at such intersections will be estab-

lished at the time of running these lines. Such monuments are

called meander corners. In the survey of lands bordering on tide

waters, meander corners may be temporarily set at the intersection

of the surveyed lines with the margin of mean high tide, but no monu-

ment should be placed in a position exposed to the beating of waves,

and the action of ice in severe weather. In all such cases a witness

corner on the line surveyed, at a secure point near the true point for

the meander corner, will be established. The crossing distance

between meander corners on the same line will be ascertained by

triangulation or direct measurement, and the full particulars will be

given in the field notes.

229. Inasmuch as it is not practicable in public-land surveys to

meander in such a way as to follow and reproduce all the minute

windings of the high-water line, the United States Supreme Court

has given the principles governing the use and purpose of meandering

shores in its decision in a noted case as follows:

Meander lines are run in surveying fractional portions of the public lands

bordering on navigable rivers, not as boundaries of the tract, but for the purpose

of denning the sinuosities of the banks of the stream, and as the means of ascer-
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taining the quantity of land in the fraction subject to sale, which is to be paid

for by the purchaser. In preparing the official plat from the field notes, the

meander line is represented as the border line of the stream, and shows to a

demonstration that the water-course, and not the meander line as actually run

on the land, is the boundary. Railroad Co. v. Schwmeir, 7 Wall. 273, 286-287

(1868).

230. The engineer will commence the meander line at one of the

meander corners, follow the bank or shore line, and determine the

true bearing and measure the exact length of each course, from the

beginning to the next meander corner. All meander courses are to

be taken or counted from the true meridian and will be determined

with precision; "transit angles" showing only the amount of the

deviation from the preceding course are not acceptable in field notes

of meanders. For convenience the courses of meander lines should

be adjusted to the exact quarter degree; meander lines are not strict

boundaries and this method will give approximate agreement with

the minute sinuosities of mean high-water elevation. Again, for

convenience of platting and computation, the engineer is required

to adopt turning points at distances of whole chains, or multiples of

10 links, with odd links only in the final course.

In cases where the engineer finds it impossible to carry his meander

fine along mean high-water mark, his notes should state the distance

therefrom and the obstacles which justify the deviation. A table

of latitudes and departures of the meander courses should be com-

puted before leaving the vicinity, and if misclosure is found, indi-

cating error in measurement or in reading courses, the lines should

be rerun.

All streams flowing into a river, lake, or meanderable bayou will

be noted, and the width at their mouths stated; also, the position,

size, and depth of springs, whether the water be pure or mineral;

also, the heads and mouths of all bayous, all rapids and bars, will

be noted, with intersections to the upper and lower ends of the latter,

to establish their exact situation. The elevation of the banks of

lakes and streams, the height of falls and cascades, and the length

and fall of rapids, will be recorded in the field notes.

The field notes of meanders will show the corners from which the

meanders commenced and upon which they closed, and will exhibit

the meanders of each fractional section separately; following, and

composing a part of such notes, will be given a description of the

adjoining land, soil and timber, and the depth of inundation to

which the bottom land is subject. The utmost care will be taken

to pass no object of topography, or change therein, without giving a

particular description thereof in its proper place in the notes of the

meanders.
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Rivers

231. Facing downstream, the bank on the left hand is termed

the left bank and that on the right hand the right bank. These terms

will be universally used to distinguish the two banks of a river or

stream. Navigable rivers and bayous, as well as all rivers not em-

braced in the class denominated "navigable," the right-angle width

of which is 3 chains and upwards, will be meandered on both banks, at

the ordinary mean high-water mark, by taking the general courses

and distances of their sinuosities. Rivers not classed as navigable

will not be meandered above the point where the average right-angle

width is less than 3 chains, except when duly authorized.

Shallow streams, and intermittent streams without well defined

channel or banks, will not be meandered, even when more than 3 chains

wide. Tidewater streams will be meandered at ordinary mean high

tide as far as navigable, even when less than 3 chains wide. Tidewater

inlets and bayous will be recorded, and will be meandered if more than

3 chains in width, but when non-navigable will not be meandered

when less than 3 chains wide.

Lakes

232. The meanders of all lakes of the area of 25 acres and upwards,

will be commenced at a meander corner and continued, as above

directed for navigable streams; from said corner, the courses and

distances of the entire margin of the same, and the intersections with

all meander corners established thereon, will be noted.

In the case of lakes which are found to be located entirely within

the boundaries of a section, a quarter-section line, if one crosses the

lake, will be run from one of the quarter-section corners, on a theoreti-

cal course to connect with the opposite quarter-section corner, to

the margin of the lake, and the distance will be measured; then

at the point thus determined a "special meander corner" will be

established. Where one or both of the opposite quarter-section

corners cannot be established, and in all cases where the distances

across a lake exceed 40 chains or the physical crossing is difficult,

a special meander corner will be established on the meander line on

the cenfer line of the section at midpoint in departure or at midpoint

in latitude, or proportionally in a fractional section. The temporary

point set when running the meander line will be corrected to the true

center line position for monumentation. If a meanderable lake is found

to be located entirely within a quarter section, an "auxiliary meander

corner" will be established at some suitable point on its margin, and

a connecting line will be run from said monument to a regular corner

on the section boundary. A connecting traverse line will be recorded,
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if one is run, but it will also be reduced to tbe equivalent direct

connecting course and distance, all of wbicb will be stated in tbe field

notes, and the course and length of the direct connecting line will be

shown on the plat of the survey.

The meander line of a lake lying within the interior of a section

will be initiated at the established special or auxiliary meander corner,

as the case may be, and continued around the margin of the normal

lake at its mean high-water level, to a closing at the point of beginning.

All proceedings are to be fully entered in the field notes.

Artificial lakes and reservoirs are not to be segregated from the

public lands, unless specially provided in the instructions, but the true

position and extent of such bodies of water will be determined in the

field and shown on the plat.

Islands

233. In the progress of the regular surveys every island above the

mean high-water elevation of any meanderable body of water, ex-

cepting only those islands which may have formed in navigable bodies

of water after the date of the admission of a State into the Union, will

be definitely located by triangulation or direct measurement or

other suitable process, and will be meandered and shown upon the

official plat.

In the survey of the mainland fronting on any non-navigable body

of water, any island opposite thereto, above mean high-water elevation,

is subject to survey. Also, even though the United States may have

parted with its title to the adjoining mainland, an island in any

meandered body of water, navigable or non-navigable, known or

proven to have been in existence at the date of the admission of a State

into the Union, and at the date of the survey of the mainland, if

omitted from said original survey, remains public land of the United

States, and as such the island is subject to survey. This is because

such islands were not then a part of the bed of the stream, and there-

fore their title remained in the United States, subject to survey and

disposal when identified. The riparian right that attaches to the

lottings along the meander line of the mainland pertains only to the

bed of the stream, and to such islands as may form within the bed

subsequent to the disposal of the title. The proof of the time of the

formation of such islands is often more or less difficult, and it is the

practice to make a careful examination of the history of an island in

relation to the question of its legal ownership.

Islands that have been given well-known proper names will be so

identified, both in the field notes and on the plat. Sometimes there

are a number of islands in the same section, without proper names;
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if one is run, but it will also be reduced to the equivalent direct 
connecting course and distance, all of which will be stated in the field 
notes, and the course and length of the direct connecting line will be 
shown on the plat of the survey. 

The meander line of a lake lying within the interior of a section 
will be initiated at the established special or auxiliary meander corner, 
as the case may be, and continued around the margin of the normal 
lake at its mean high-water level, to a closing at the point of beginning. 
All proceedings are to be fully entered in the field notes. 

Artificial lakes and reservoirs are not to be segregated from the 
public lands, unless specially provided in the instructions, but the true 
position and extent of such bodies of water will be determined in the 
field and shown on the plat. 

Islands 

233. In the progress of the regular surveys every island above the 
mean high-water elevation of any meanderable body of water, ex
cepting only those islands which may have formed in navigable bodies 
of water after the date of the admission of a State into the Union, will 
be definitely located by triangulation or direct measurement or 
other suitable process, and will be meandered and shown upon the 
official plat. 

In the survey of the mainland fronting on any non-navigable body 
of water, any island opposite thereto, above mean high-water elevation, 
is subject to survey. Also, even though the United States may have 
parted with its title to the adjoining mainland, an island in any 
meandered body of water, navigable or non-navigable, known or 
proven to have been in existence at the date of the admission of a State 
into the Union, and at the date of the survey of the mainland, if 
omitted from said original survey, remains public land of the United 
States, and as such the island is subject to survey. This is because 
such islands were not then a part of the bed of the stream, and there
fore their title remained in the United States, subject to survey and 
disposal when identified. The riparian right that attaches to the 
Iottings along the meander line of the mainland pertains only to the 
bed of the stream, and to such islands as may form within the bed 
subsequent to the disposal of the title. The proof of the time of the 
formation of such islands is often more or less difficult, and it is the 
practice to make a careful examination of the history of an island in 
relation to the question of its legal ownership. 

Islands that have been given well-known proper names will be so 
identified, both in the field notes and on the plat. Sometimes there 
are a number of islands in the same section, without proper names; 
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some may have been surveyed, others omitted. Of the latter, some

may rightfully belong to the State, some to a riparian proprietor, so

that any system of numbering may be uncertain, and if used may still

be confused with a lot number, if and when surveyed. For these

reasons their indentification may be uncertain unless the following

rule is applied:

Where there are several unnamed islands within the same section, these will

be referred to in the field notes (when surveyed) according to the lot number

(Island designated as lot No. â��) that is assigned on the plat, excepting that

islands which are crossed by section line boundaries, or by a center line of the

section, are readily identified by location.

Any township boundary or section line which will intersect an

island will be extended as nearly in accordance with the plan of

regular surveys as conditions will permit, and the usual township,

section, quarter-section and meander corners will be established on

the island. If an island falls in two sections only, the line between

those particular sections should be established in its proper theoretical

position based upon suitable sights and calculations. If an island falls

entirely in one section, and is large enough to be subdivided (over

50 acres in area), a suitable sight or calculation will be made to locate

on the margin of the island an intersection with the theoretical position

of any suitable subdivision-of-section line, and at the point thus

determined a"special meander corner" will be established. In the case

of an island falling entirely in one section and found to be too small to

be subdivided, an "auxiliary meander corner" will be established at

any suitable point on its margin, which will be accurately connected

with any regular corner on the mainland. Section 277. The direct

course and length of the connecting line will be given in the field

notes, together with all sights, measurements, triangulations and

traverse lines upon which the calculation may be based. The course

and length of the direct connecting line will be shown on the plat.

The meander line of an island will be surveyed in harmony with

principles and rules heretofore stated; all township and section lines

crossing the island will be shown on the plat; and, if the island is

large enough to be subdivided, the subdivision will be accomplished

by the protraction of suitable subdivision-of-section lines in their

correct theoretical position.

Agricultural upland within the limits of swamp and overflowed

lands should be so classified and shown upon the plat accordingly,

but such land will not be meandered as an island.
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some may have been surveyed, others omitted. Of the latter, some 
may rightfully belong to the State, some to a riparian proprietor, so 
that any system of numbering may be uncertain, and if used may still 
be confused with a lot number, if and when surveyed. For these 
reasons their indentification may be uncertain unless the following 
rule is applied: 

Where there are several unnamed islands within the same section, these will 
be referred to in the field notes (when surveyed) according to the lot number 
(Island designated as lot No. -) that is assigned on the plat, excepting that 
islands which are crossed by section line boundaries, or by a center line of the 
section, are readily identified by location. 

Any township boundary or section line which will intersect an 
island will be extended as nearly in accordance with the plan of 
regular surveys as conditions will permit, and the usual township, 
section, quarter-section and meander corners will be established on 
the island. If an island falls in two sections only, the line between 
those particular sections should be established in its proper theoretical 
position based upon suitable sights and calculations. If an island falls 
entirely in one section, and is large enough to be subdivided (over 
50 acres in area), a suitable sight or calculation will be made to locate 
on the margin of the island an intersection with the theoretical position 
of any suitable subdivision-of-section line, and at the point thus 
determined a" special meander corner" will be established. In the case 
of an island falling entirely in one section and found to be too small to 
be subdivided, an "auxiliary meander corner" will be established at 
any suitable point on its margin, which will be accurately connected 
with any regular corner on the mainland. Section 277. The direct 
course and length of the connecting line will be given in the field 
notes, together with all sights, measurements, triangulations and 
traverse lines upon which the calculation may be based. The course 
and length of the direct connecting line will be shown on the plat. 

The meander line of an island will be surveyed in harmony with 
principles and rules heretofore stated; all township and section lines 
crossing the island will be shown on the plat; and, if the island is 
large enough to be subdivided, the subdivision will be accomplished 
by the protraction of suitable subdivision-of-section lines in their 
correct theoretical position. 

Agricultural upland within the limits of swamp and overflowed 
lands should be so classified and shown upon the plat accordingly, 
but such land will not be meandered as an island. 
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LIMITS OF CLOSURE

234. UDder the general subjects of "township exteriors" and

"subdivision of townships" certain definite limits were prescribed

beyond which previously established surveys are classed as "de-

fective," or in the case of new surveys corrective steps are required.

Such limits constitute the standard of accuracy of the United States

rectangular surveys, and, for convenience, have been variously re-

ferred to as the "rectangular limit," "limit for the control of new

surveys," "limit relating to defective exteriors and section lines,"

"limits for subdivision," etc., each expression having been formed

to suit the descriptive exigency of the text. A more general re-

quirement known as the "limit of closure" will be applied as a test

of the accuracy of the alinement and measurement of all classes of

lines embraced in any closed figure incident to the public-land sur-

veys, and corrective steps will be required wherever this test dis-

closes an error beyond the allowable limit.

The "error of closure" of a survey may be defined, in general

terms, as the ratio of the length of the line representing the equiva-

lent of the errors in latitude and departure (as found by a table of

latitudes and departures) to the length of the perimeter of the figure

constituting the survey; but, with due regard for the controlling

coordinate governing lines of a rectangular survey, pronounced

accuracy in latitude will not be permitted to offset gross error in

departure, or vice versa, and, in order to be consistent with this

fundamental theory, a double test must be applied in place of the

one expressed in general terms. The "limit of closure" fixed for

the United States rectangular surveys may be expressed by the

fraction ^52 provided that the limit of closure in neither latitude

nor departure exceeds %4o, and where a survey qualifies under the

latter limit the former is bound to be satisfied; thus an accumulative

error of 12^ links per mile of perimeter, in either latitude or departure,

will not be exceeded in an acceptable survey. The limit of closure

as thus expressed may be applied to various specific conditions as

heretofore stated.

The latitudes and departures of a normal section shall each close

within 50 links; of a normal range or tier of sections, within 175

links; and of a normal township, within 300 links. The boundaries

of each fractional section including irregular claim lines or meanders,

or the meanders of an island or lake in the interior of a section, should

close within a limit to be determined by the fraction ytio when the

error in either latitude or departure is considered separately; the

same rule will be applied to all broken or irregular boundaries.
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234. Under the general subjects of "township exteriors" and 
"subdivision of townships" certain definite limits were prescribed 
beyond which previously established surveys are classed as "de
fective," or in the case of new surveys corrective steps are required. 
Such limits constitute the standard of accuracy of the United States 
rectangular surveys, and, for convenience, have been variously re
ferred to as the "rectangular limit," "limit for the control of new 
surveys," "limit relating to defective exteriors and section lines," 
"limits for subdivision," etc., each expression having been formed 
to suit the descriptive exigency of the text. A more general re
quirement known as the "limit of closure" will be applied as a test 
of the accuracy of the alinement and measurement of all classes of 
lines embraced in any closed figure incident to the public-land sur
veys, and corrective steps will be required wherever this test dis
closes an error beyond the allowable limit. 

The "error of closure" of a survey may be defined, in general 
terms, as the ratio of the length of the line representing the equiva
lent of the errors in latitude and departure (as found by a table of 
latitudes and departures) to the length of the perimeter of the figure 
constituting the survey; but, with due regard for the controlling 
coordinate governing lines of a rectangular survey, pronounced 
accuracy in latitude will not be permitted to offset gross error in 
departure, or vice versa, and, in order to be consistent with this 
fundamental theory, a double test must be applied in place of the 
one expressed in general terms. The "limit of closure" fixed for 
the United States rectangular surveys may be expressed by the 
fraction *62 provided that the limit of closure in neither latitude 
nor departure exceeds %'0, and where a survey qualifies under the 
latter limit the former is bound to be satisfied; thus an accwnulative 
error of 12~ links per mile of perimeter, in either latitude or departure, 
will not be exceeded in an acceptable survey. The limit of closure 
as thus expressed may be applied to various specific conditions as 
heretofore stated. 

The latitudes and departures of a normal section shall each close 
within 50 links; of a normal range or tier of sections, within 175 
links; and of a normal township, within 300 links. The boundaries 
of each fractional section including irregular claim lines or meanders, 
or the meanders of an island or lake in the interior of a section, should 
close within a limit to be determined by the fraction ~.o when the 
error in either latitude or departure is cOllsidered separately; the 
same rule will be applied to all broken or irregular boundaries. 
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Engineers are required to compute all doubtful closings while in

the field in the immediate vicinity of a particular line, or series of

lines, in question, and to accomplish all necessary corrective work

before concluding a survey.

Further attention is required on the subject of the accuracy of the

current surveys when considered apart from the basic limit of 21'

departure from cardinal, or 50 links per mile allowable tolerance in

measurement, when these are applied as a test of acceptable rec-

tangularity, especially in initiating or closing, new surveys from, or

upon, the approved older surveys that may lack modern requirements

as to accuracy. The question relates to the matter of the depend-

ability of the record direction and length of lines as currently returned,

or the reliance that can be placed on those values. To what extent

can those values be incorporated safely into other surveys that pre-

sume to set up definite standards of accuracy, or for mapping pur-

poses of the various classes?

This is a test that bears directly on the improved technique which

is now practiced in the making of the public land surveys. The

latter has its own limit in the elements of cost and good judgment as

to what may suitably be required in the region under survey. The

question may be resolved further into what should be expected

through the greater part of the work, for the type of country and

justifiable costs, and that limit of tolerance which can be allowed

where discrepancies become the disturbing factor in the closure.

When all elements are given due weight, good judgment calls for

the average closures, and limits of tolerance, as expressed in the fol-

lowing tabulations:

Character of country; basic eco-

nomic value

Average closures in lat. &

dep. per sq. mi., quar-

tered as a tolerance in

the direction and

length of line per mile;

accuracy to be attained

in at least ?Â£ of the sur-

vey

Limit of tolerance in the

closure, and in the di-

rection and length of

line per mile; not to be

exceeded, nor to be

approached in excess of

H of the survey

Closure limits

when expressed

by the usual

fiaction, and

by linear ratio

Class E: Extremely rough moun-

tainous land, heavily timbered,

dense undergrowth, exception-

ally difficult to survey; value

chiefly for grazing, timber, recrea-

tion, reclamation reservoirs, wild-

life preserves, etc.

25 Iks.

50 Iks.

1/905 1/452

1:1280 1:640

6.2 Iks., 2'40"

12.5 Iks., 5'20"

Class D: Rough mountainous land,

scattering timber, considerable

undergrowth; value chiefly for

grazing, timber, recreation, recla-

mation reservoirs, wildlife pre-

serves, etc.

16 Iks.

25 Iks.

1/1414 1/905

12000 1:1280

4.0 Iks., 1'40"

8.2 Iks., 2'40"

Class C: Valuable mineral deposits,

improved 01 cultivated lands, re-

claimed agricultural lands, small

tract areas; other areas where this

accuracy can be attained at rea-

sonable cost.

8 Iks.

16 Iks.

1/2828 1/1414

1:4000 12000

2.0 Iks., 0'60"

4.0 Iks., 1'40"
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Engineers are required to compute all doubtful closings while in 
the field in the immediate vicinity of a particular line, or series of 
lines, in question, and to accomplish all necessary corrective work 
before concluding a survey. 

Further attention is required on the subject of the accuracy of the 
current surveys when considered apart from the basic limit of 21' 
departure from cardinal, or 50 links per mile allowable tolerance in 
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ability of the record direction and length of lines as currently returned, 
or the reliance that can be placed on those values. To what extent 
can those values be incorporated safely into other surveys that pre
sume to set up definite standards of accuracy, or for mapping pur-
poses of the various classes? ' 

This is a test that bears directly on the improved technique which 
is now practiced in the making of the public land surveys. The 
latter has its own limit in the elements of cost and good judgment as 
to what may suitably be required in the region under survey. The 
question may be resolved further into what should be expected 
through the greater part of the work, for the type of country and 
justifiable costs, and that limit of tolerance which can be allowed 
where discrepancies become the disturbing factor in the closure. 

"''ben all elements are given due weight, good judgment calls for 
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Requirements in Methods 2

Class E: Care in all measurement, orientation, and transit angles, as prescribed

in chapter II.

Class D: Correction for tape expansion or contraction under extreme ranges of

temperature, and better care in all measurements, orientation, and transit angles.

Class C: Approximate temperature correction; approximately uniform tension,

but avoiding sag; stadia excluded; extra care in slope reductions; greater care in

orientation; angular values 20" or better and not accumulative.

MARKING LINES BETWEEN CORNERS

235. The marking of a survey upon the ground in such a manner

as to fix forever the position of the legal lines in relation to the earth's

surface is the final step in the field work, and is accomplished in three

ways, which, if well executed, will individually or collectively furnish

the means of the identification of the survey at even remote future

dates. Careful attention to these details is one of the most important

phases of the engineer's field work, (a) The regular corners of the

public-land surveys are marked by fixed monuments of specified

character as described in chapter IV; (6) the relation of the officially

surveyed lines to natural topographical features is recorded in much

detail as hereinafter outlined, and again exemplified in the specimen

field notes; and (c) the locus of the legal lines, wherever living timber

is encountered, is plainly marked upon the forest trees, which is ac-

complished by the process of "blazing" and by "hack" marks.

A "blaze" is an artificial mark which is ordinarily made upon a

tree trunk at about breast height, in which a flat scar is left upon the

tree surface. The bark and a very small amount of the live wood

tissue are removed, leaving a smooth surface which forever brands the

tree. The size of the blaze depends somewhat upon the size of the

tree, but is never made larger than the surface of an ax blade; a blaze

5 or 6 inches in height and from 2 to 4 inches in width is ample to

mark any tree.

A "hack" is also an artificial mark which is ordinarily made upon a

tree trunk at about breast height, in which a horizontal notch is cut

into the surface of the tree. Tho notch is made "V-shaped," and is

cut through the bark and well into the wood. Two hacks are cut in

order to distinguish those made in the survey from accidental marks

resulting from other causes; a vertical section of the completed official

hack mark resembles a"double-V" (<) extending across a tree from

2 to 6 inches in length, depending upon the diameter of the tree.

The "hack" and "blaze" marks are equally permanent, but so different

in character that one mark should never be mistaken for the other.

1 Precision surveys In metropolitan areas are regarded as Class A cadastral surveys; townsite surveys

(sec. 480) are termed Class B cadastral surveys.
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Requirements in Methods 2 

Class E: Care in all measurement, orientation, and transit angles, as prescribed 
in chapter II. 

Class D: Correction for tape expansion or contraction under extreme ranges of 
temperature, and better care in all measurements, orientation, and transit angles. 

Class C: Approximate temperature correction; approximately uniform tension, 
but avoiding sag; stadia excluded; extra care in slope reductions; greater care in 
orientation; angular values 20" or better and not accumulative. 

MARKING LINES BETWEEN CORNERS 

235. The marking of a survey upon the ground in such a manner 
as to fix forever the position of the legal lines in relation to the earth's 
surface is the final step in the field work, and is accomplished in three 
ways, which, if well executed, will individually or collectively furnish 
the means of the identification of the survey at even remote future 
dates. Careful attention to these details is one of the most important 
phases of the engineer's field work. (a) The regular corners of the 
public-land surveys are marked by fixed monuments of specified 
character as described in chapter IV; (b) the relation of the officially 
surveyed lines to natural topographical features is recorded in much 
detail as hereinafter outlined, and again exemplified in the specimen 
field notes; and (c) the locus of the legal lines, wherever living timber 
is encountered, is plainly marked upon the forest trees, which is ac
complished by the process of "blazing" and by "hack" marks. 

A "blaze" is an artificial mark which is ordinarily made upon a 
tree trunk at about breast height, in which a fiat scar is left upon the 
tree surface. The bark and a very small amount of the live wood 
tissue are removed, leaving a smooth surface which forever brands the 
tree. The size of the blaze depends somewhat upon the size of the 
tree, but is never made larger than the surface of an ax blade; a blaze 
5 or 6 inches in height and from 2 to 4 inches in width is ample to 
mark any tree. 

A "hack" is also an artificial mark which is ordinarily made upon a 
tree trunk at about breast height, in which R horizontal notch is cut 
into the surface of the tree. The notch is made "V-shaped," and is 
cut through the bark and well into the wood. Two hacks are cut in 
order to distinguish those made in the survey from accidental marks 
resulting from other causes; a vertical section of the completed official 
hack mark resembles a "double-V" (~) extending across a tree from 
2 to 6 inches in length, depending upon the diameter of the tree. 
The "hack" and "blaze" marks are equally permanent, but so different 
in character that one mark should never be mistaken for the other. 

I PreclsIon BUrVeYllin metropolitan areas are regarded as Class A cadastral surveya; townsite surveYII 
(leo. 6110) are termed Cl8S1 B cadastral surV8Y1. 
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The marking of trees along the surveyed lines is required by law

as positively as the erection of monuments (R. S. sec. 2395; 43

U. S. C, sec. 751). All lines on which are to be established the legal

corners will be marked after this method, viz: Those trees which may

be intersected by the line will have two hacks or notches cut on each

of the sides facing the line, without any other marks whatever. These

are called sight trees or line trees. A sufficient number of other trees

standing within 50 links of the line, on either side of it, will be blazed

on two sides quartering toward the line, in order to render the line

conspicuous, and readily to be traced in either direction, the blazes

to be opposite each other coinciding in direction with the line where

the trees stand very near it, and to approach nearer each other toward

the line the farther the line passes from the blazed trees.

Due care will ever be taken to have the lines so well marked as to

be readily followed, and to cut the blazes plainly enough to leave

recognizable scars as long as the trees stand. This can be accom-

plished by blazing just through the bark into the live wood tissue.

Where trees 2 inches or more in diameter occur along a line, the

required blazes will not be omitted. Where trees have branches

growing to the ground, the blazes will be omitted unless it is neces-

sary to remove the branches to permit sighting.

Lines are also to be marked by cutting away enough of the under-

growth to facilitate correct sighting of instruments. Where lines

cross deep wooded valleys, by sighting over the tops, the usual blazing

of trees in the low ground when accessible will be performed. The

undergrowth will be especially well cut along all lines within distances

of 5 chains of corner monuments and within 2 chains of arteries of

travel, but the cutting of the undergrowth may be omitted in deep un-

traveled ravines unless necessary for accurate sighting or measurement.

Line trees and blazing will be marked only with reference to the

established true line, and where lines are run by the "random and

true" line method, the marking of line trees and the blazing will be

accomplished by returning over the line after all corrections or adjust-

ments to the final line are definitely known. A sufficient number of

temporary stakes should be set along a random line to render it gen-

erally unnecessary to rerim the true line instrumentally merely for

the purpose of blazing the line tlirough timber, as this can usually be

accomplished by properly estimating the distance from the temporary

stakes, but intersections with line trees will be made with precision,

and distances thereto accurately measured.
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The marking of trees along the surveyed lines is required by law 
as positively as the erection of monuments (R. S. sec. 2395; 43 
U. S. C., sec. 751). All lines on which are to be established the legal 
corners will be marked after this method, viz: Those trees which may 
be intersected by the line will have two hacks or notches cut on each 
of the sides facing the line, without any other marks whatever. These 
are called sight trees or line trees. A sufficient number of other trees 
standing within 50 Jinks of the line, on either side of it, will be blazeG. 
on two sides quartering toward the line, in order to render the line 
conspicuous, and readily to be traced in either direction, the blazes 
to be opposite each other coinciding in direction with the line where 
the trees stand very near it, and to approach nearer each other toward 
the line the farther the line passes from the blazed trees. 

Due care will ever be taken to have the lines so well marked as to 
be readily followed, and to cut the blazes plainly enough to leave 
recognizable scars as long as the trees stand. This can be accom
plished by blazing just through the bark into the live wood tissue. 
Where trees 2 inches or more in diameter occur along a line, the 
required blazes will not be omitted. Where trees have branches 
growing to the ground, the blazes will be omitted unless it is neces
sary to remove the branches to permit sighting. 

Lines are also to be marked by cutting away enough of the under
growth to facilitate correct sighting of instruments. Where lines 
cross deep wooded valleys, by sighting over the tops, the usual blazing 
of trees in the low ground when accessible will be performed. The 
undergrowth will be especially well cut along all lines within distances 
of 5 chains of corner monuments and within 2 chains of arteries of 
travel, but the cutting of the undergrowth may be omitted in deep un
traveled ravines unless necessary for accurate sighting or measurement. 

Line trees and blazing will be marked only with reference to the 
establisheo true line, and where lines are run by the" random and 
true" line method, the marking of line trees and the blazing will be 
accomplished by returning over the line after all corrections or adjust
ments to the final line are definitely known. A sufficient number of 
temporary stukes should be set along a random line to render it gen
erally unnecessary to renm the true line instrumentally merely for 
the purpose of blazing the linf' through timber, as this can usually be 
accomplished by properly estimating the distance from the temporary 
stakes, but intersections with line trees will be made with precision, 
and distances thereto accurately measured. 
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SUMMARY OF OBJECTS TO BE NOTED,

AND SKETCHES

236. The field notes and plat of a survey are designed to furnish

not only a technical record of the procedure, but also of equal im-

portance a report upon the character of the land, soil and timber

traversed by the survey, and a detailed schedule of the topographical

features along every line, with accurate connections showing the

relation of the rectangular surveys to other surveys, to natural objects

and to improvements. A triple purpose is thus served: (a) the tech-

nical procedure is made a matter of official record; (6) general infor-

mation relating to a region is gathered; and, (c) the "calls" of the

field notes and the representations of the plat in respect to objects

along the surveyed lines furnish important evidence by which the

locus of the survey becomes practically unchangeable as contemplated

by law.

The specimen field notes and plats are intended to standardize the

form of record, and many special matters relating to these subjects

are brought together in chapters VIII and IX, but before concluding

the special questions concerning rectangular surveys it is deemed ex-

pedient to outline the technical and topographical features which are

to be carefully observed and recorded in the field during the progress

of the public-land surveys:

1. The precise course and length of every line run, noting all neces-

sary offsets therefrom, with the reason for making them, and method

employed.

2. The kind and diameter of all bearing trees, with the course and

distance of the same from their respective corners, and the markings;

all bearing objects and marks thereon, if any; and the precise relative

position of witness corners to the true corners.

3. The kind of material of which corner monuments are constructed,

their dimensions and markings, depth set in the ground, and their

accessories.

4. Trees on line. The name, diameter and distance on line to all

trees which it intersects, and their markings.

5. Intersections by line of land objects. The distance at which

the line intersects the boundary lines of every reservation, townsite,

or private claim, noting the exact bearing of such boundary lines, and

the precise distance to the nearest boundary corner; the center line of

every railroad, canal, ditch, electric transmission line, or other right-

of-way across public lands, noting the width of the right-of-way and

the precise bearing of the center line; the change from one character

of land to another, with the approximate bearing of the line of de-

marcation, and the estimated height in feet of the ascents and descents
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over the principal slopes typifying the topography of the country

traversed, with the direction of said slopes; the distance to and the

direction of the principal ridges, spurs, divides, rim rock, precipitous

cliffs, etc.; the distance to where the line enters or leaves heavy or

scattering timber, with the approximate bearing of the margin of all

heavy timber, and the distance to where the line enters or leaves dense

undergrowth.

6. Intersections by line of water objects. All unmeandered rivers,

creeks and smaller water-courses which the line crosses; the distance

measured on the true line to the center of the same in the case of the

smaller streams, and to both banks in the case of the larger streams,

the course downstream at points of intersection, and their widths on

line, if only the center is noted. All intermittent water-courses, such

as ravines, gulches, arroyos, draws, dry-drains, etc.

7. The land's surface; whether level, rolling, broken, hilly or

mountainous.

8. The soil; whether rocky, stony, gravelly, sandy, loam, clay, etc.

9. Timber; the several kinds of timber and undergrowth, in the order

in which they predominate.

10. Bottom lands to be described as upland or swamp and over-

flowed, as contradistinguished under the law, noting the extent and

approximate position of the latter, and depth of overflow at seasonal

periods. The segregation of lands fit for cultivation without artificial

drainage, from the swamp and overflowed lands, where the latter are

subject to selection by the States, is always accomplished by legal

subdivision, and any smallest legal subdivision is classified as all up-

land or all swamp and overflowed land accordingly as more than half

of the same may be of the character of the one or of the other class of

lands; bottom lands will be classified with special consideration to

these matters.

11. Springs of water, whether fresh, saline, or mineral, with the

course of the stream flowing therefrom. The location of all streams,

springs, or water-holes, which because of their environment may be

deemed to be of value in connection with the utilization of public

grazing lands, and which may be designated as public watering places,

will be specially noted.

12. Lakes and ponds, describing their banks, tributaries and out-

let, and whether the water is pure or stagnant, deep or shallow.

13. Improvements; towns and villages; post offices; Indian occu-

pancy ; houses or cabins, fields, or other improvements; mineral claims;

mill-sites; United States location monuments, and all other official

monuments not belonging to the system of rectangular surveys; will

be located by bearing and distance or by intersecting bearings from

given points.
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14. Coal banks or beds, all ore bodies, with particular description of

the same as to quality and extent; all mining surface improvements

and underground workings; and salt licks. All reliable information

that can be obtained respecting these objects, whether they be on the

line or not, will appear in the general description.

15. Roads and trails, with their directions, whence and whither.

16. Rapids, cataracts, cascades, or falls of water, in their approxi-

mate position and estimated height of their fall in feet.

17. Stone quarries and ledges of rocks, with the kind of stone they

afford.

18. Natural curiosities, petrifactions, fossils, organic remains, etc.;

also all archaeological remains, such as cliff dwellings, mounds, forti-

fications, or objects of like nature.

19. The magnetic declination.â��To be included in the transcribed

field notes, immediately preceding the general description (item 20),

the record of the observations as required in section 40, including the

observed local attraction within the area of the survey. The value at

the township or section corner at the southeasterly point of the survey,

corrected to the mean magnetic declination, will be shown on the plat.

20. General description.â��The above information will be summarized

by townships in a general description which will be made the con-

cluding part of the field notes of every survey. The general descrip-

tion will be made to embrace many more comprehensive details in

regard to the characteristics of the region than is feasible to cover as

an intimate part of the technical record of the survey, as follows:â��

Land.â��A general outline of the drainage and topographical features

of the township and approximate range of elevation above sea level.

Soil.â��The prevailing and characteristic soil types. (See special

reference to soil classification, sections 536 to 539, chapter VII, and

appendix VII.)

Timber.â��The predominant forest species, age, size, condition, etc.

Evidence of mineral.â��All known bodies of mineral, and lands whose

formation suggests mineral-bearing characteristics, especially with

reference to lands of volcanic or igneous origin,' will be listed by ap-

propriate legal subdivision, with brief description of the mineral

indications. On the other hand, if the engineer finds no apparent

indication of mineral deposits, a report to that effect will be

embodied in the general description.

Watering places.â��The areas embracing all streams, springs, or water

holes as may be of special value as public watering places, in connection

with the utilization of public grazing lands, will be listed by appro-

priate legal subdivision, with brief description of the nature of such

water supply.

Settlement.â��The extent of the settlement at the time of the survey.
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Industry.â��The industrial possibilities of the township, especially

as to the adaptability of the region to agricultural pursuits, stock

raising, lumbering, mining, or other profitable enterprise.

Special.â��All exceptional steps in the technical process of the survey,

and other special matters required in paragraphs Nos. 1 to 19, in-

clusive, of the above summary, not otherwise suitably recorded will

be reported in the general description.

In addition to the field notes the engineers are required to prepare,

as the work progresses, an outline diagram showing the course and

length of all established lines with connections, and a topographical

sketch embracing all features usually shown upon the completed

official township plat. These maps will be made to scale, drawn in

pencil only, if desired, and will be kept up with the progress of the field

work. The interiors of the sections will be fully completed; the topo-

graphical features will be sketched with care while in the view of the

engineer, and the position within the section of the various details

which are to be shown on the completed plat will be located with an

accuracy commensurate with their relative importance. The design

of the specimen township plat will be followed closely in the prepara-

tion of the outline diagram and topographical sketch plat, except that

it will generally be desirable to employ a separate sheet for each of the

two purposes. These maps will then form the basis of the official

plat, the ultimate purpose of which is a true and complete graphic

representation of the public lands surveyed.

The subjects of the field sketches; accuracy of detail in special cases;

use of aerial photographs; map features within the interior of sections;

etc., are enlarged in section 462, paragraph 8; and in sections 602 to

617, inclusive.
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CORNER MONUMENTS
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325. Memorials 273

326. Mound of stone 274

328. Pits 274

330. Arrangement and marking

of corner accessories 275

LEGAL SIGNIFICANCE OF THE MONUMENT

237. The purpose of the monumentation is to establish the

permanent marking of the lines, and to fix the corner positions so

that the location of the lands may always be definitely known. The

survey embraces certain definite technical procedure, also the marking

of certain fixed points, as will be described in this chapter, though the

establishment of a survey may not be termed completed until the

field notes and plat and every detail of the operation have been

accepted, as contemplated by law, by the Director, Bureau of Land

Management.

The law provides that the original corners established during the

process of the survey shall forever remain fixed in position, even to

disregarding technical errors in the execution of the survey, where

discrepancies may have passed undetected prior to the acceptance of

the survey. As an aid to the permanence, the Congress provides for

the purchase of durable material for the corner monuments, also a

penalty for the defacing of any marks relating to the survey (fly leaf

V). If it were possible to carry out the full intent of the surveying

laws in regard to these particulars, the most troublesome of the sub-

sequent problems relating to the survey would be avoided.

The courts attach major importance to evidence relating to the

original position of the monument, such evidence being given far

greater weight than the record relating to bearings and lengths of
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lines. It is the purpose that the monuments shall serve every neces-

sary requirement for the identification of the survey. The legal

importance as thus briefly outlined, makes it mandatory upon the

chief of the field party to exercise constant diligence in the work-

manlike construction of lasting monuments, and alertness in skillfully

relating the same with natural objects or improvements, to the end

that the greatest possible permanence may be secured.

238. If the engineer is called upon to alter the condition of a

previously established monument, the utmost regard should be

shown for the evidence of the original location; the monument will

be carefully reconstructed by such additional means as may be

appropriate, without destroying the evidence which served to identify

that position. A complete record will be kept of the description of

the old monument as identified, and all alterations and additions

thereto.

239. Prescribed monuments are employed to mark the position of

the quarter-section, section, township and meander corners, appro-

priate to the subdivision of the public lands; also at such sixteenth-

section corners as the requirements of the written special instructions

or the exigencies of the survey of fractional sections may demand;

also at all angle points along an irregular boundary line, and at inter-

mediate intervals of 40 and 80 chains along such limiting boundary.

A more extended discussion of the subject of angle points and other

monuments to be established upon irregular boundaries will be found

in chapters VI and VII.

Additionally, monumentation will be established as needed down to

the corners of 2 ^-acre, or ){ % % ^-section, as required in the subdivision

of sections into units smaller than the regular quarter-quarter section,

when stipulated in the special instructions, or when making the

eliminations provided in sections 253, and 489 to 495, inclusive.

Marks are as detailed in section 274.

General departures from the use of the regulation monument are

permitted only when authorized in the special instructions, under con-

ditions that may warrant such alternatives. Among them are the

need for more durable monumentation in important areas; substitu-

tions in those cases where the conditions at the time of survey make it

impracticable to procure, within the available time limit, the quantity

of the regulation monuments that would be required; or where the

difficulties of transportation to the point of use render it more practi-

cable to adopt one of the approved substitutes. Limited departures

because of site conditions may be made as approved by the regional

adniinistrator.

240. The position of every corner monument will be evidenced by

the best of such accessories as may be available, and where the corner
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point itself can not be marked in the usual manner an appropriate

witness corner or reference monument will be established. Sections

249 to 254, inclusive. A witness meander corner will be established

upon secure ground wherever the intersection of a surveyed line with

the mean high-water elevation of a meanderable body of water falls at

a point where the monument would be liable to destruction. Section

228.

241. The field notes relating to the establishment of a monument

will be introduced at the logical place where the true position for the

corner is indicated as having been attained.

The description of the monument will embrace: (a) The significance

of its position; (6) length and diameter of an iron post; or the kind and

length, width and breadth of a stone; or the species and the breast

height diameter of a tree; (c) the depth set in the ground, with mention

of additional support if any; (d) the markings upon the monument;

and (e) the nature of the accessories, including character, size, position,

and markings.

CORNER MATERIAL

242. The Bureau of Land Management has adopted a standard iron

post for monumenting the public-land surveys, which will be gen-

erally used unless exceptional circumstances warrant the use of other

material. This practice is deemed so important that no substitutions

are permitted excepting as provided in section 239, and, if authorized,

a statement will be given in the field notes, in explanation as to why

the standard iron posts were not employed.

The post is made from wrought iron pipe, zinc coated, 2 inches inside

diameter, which is out into lengths of 30 inches; one end of the pipe is

split for about 4 or 5 inches, and the two halves are spread to form

flanges or foot plates; a brass cap is securely fastened to the top. The

pipe is filled with concrete.

Brass tablets are supplied for placing in rock outcrop, and for

imbedding in concrete monuments. The tablet is 3 % inches in diame-

ter, and has a stem 3% inches long; the top bears the same official in-

scription as that of the cap of the iron post.

CONSTRUCTION OF MONUMENTS AND MARKING

FOR IDENTIFICATION

243. The caps of the iron posts are to be suitably and plainly

marked with steel dies at the time when used; the posts will be set in

the ground about three-fourths of their length; and earth and stone, if

the latter is at hand, will be tamped into the excavation to give the

post a solid anchorage.
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248 MANUAL OF SURVEYING INSTRUCTIONS

244. Durable native stone may be substituted for the model iron

post, if the procedure has been duly authorized, but no stone will be

used which measures less than 20 inches in length, or less than 6 inches

in either of its minor dimensions, or less than 1,000 cubic inches in

volume. A stone should always be selected with regard to its dur-

ability when exposed to the usual weathering influences. Stone will

not be used as a corner monument where its position falls among large

quantities of loose surface stone or slide rock.

245. A stone will be suitably and legibly marked with a steel chisel

or punch with such letters, figures, grooves or notches, as may be

required, and will be set firmly in the ground about three-fourths of its

length.

246. Both iron post and stone monuments will always be set the

usual depth in the ground unless it is impossible to complete the

excavation, in which case the monument will be planted as deep as

conditions will permit, and the necessary support will be secured by a

stone mound. Section 327.

In loose, wind-blown soil, much more stability will be given the

monument if surrounded with stone, the mound being built with a

wide base, and up to the height of the post. This will be even more

secure if clay soil can be procured for filling the voids. Stone or

clay may not be available. However, the location may be of enough

importance to justify the procurement of cement, to be used either

for the making of concrete to surround the iron post, or merely to

mix with the loose dry-sand, which when moistened, and after the

mixture hardens, will at least prevent the blowing of the soil.

It is difficult to construct a stable monument in marshland; under-

pinning may be required in some cases, or some other special means for

supporting the iron post. The alkaline soils and" salts, salt-water

marshes, wind-blown salts in the coastal areas, and the organic-acid

ground-water of some swamp areas, all attack both ordinary iron and

concrete, and will destroy them in a few years. Section 239.

247. Where the corner point falls upon surface rock, preventing

excavation, a cross (X) will be cut at the exact corner point, and, if

feasible, the monument will be erected in the same position, supported

by a large stone mound of broad base, so well constructed that it will

possess thorough stability.

The tablet may be used for marking corners which fall upon rock

outcrop on slopes where a stable mound would be impracticable. A

drill hole is made to receive the stem, and a recess is made for the top

so that the tablet may be securely cemented in place and sealed against

moisture. The cementing to be permanent must be done with clean

first-class materials, carefully proportioned. The marks to be made
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STONE MOUND

Circular mound of stones around post

with perimeter of larger stones set in a

trench.

TOP: To be nearly level or with slight

slope toward outer edge. Constructed

with rocks, rubble, and tamped soil.

BASE: Not less than 3 ft. diameter

(preferably 4 to 6 ft. dia).

HEIGHT: From the ground surface to a

point about 2 or 3 inches below the base

of brass cap.

Stone mound, protecting the monument.

upon the tablet, and the selection and marking of the accessories will

be the same as for iron-post monuments.

248. Where the corner point falls exactly at the position occupied

by a tree, the tree will be appropriately marked for the corner, even

where it appears to be fully matured and shows indications that in a

few years it may begin to deteriorate, care being taken to secure the

full quota of accessories, including the use of reference monuments.

Section 297.

Sound trees of a hardy species, and yet too small to receive the usual

marks without undue injury, will be marked with an "X" only, at

breast height, on the south side. On the smooth barked trees use a

scribe cutting lightly into the bark; on the rough barked trees, two axe

cuts reaching just into the live wood tissue.

700004Â°
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WITNESS CORNERS, REFERENCE MONUMENTS, AND

WITNESS POINTS

249. A witness corner, by conventional usage, is a monumented point

usually on a line of the survey and near a corner. It is employed in

situations where it is impracticable to occupy the site of a corner.

When the true point for a corner falls upon an inaccessible place,

such as within an unmeandered stream, lake, or pond, or in a marsh,

or upon a precipitous slope or cliff, where the corner can not be occu-

pied, a witness corner will be established at some suitable point where

the monument may be permanently constructed, but preferably on a

line of the survey.

Usually only one witness corner will be established in each instance

and it will be located upon any one of the surveyed lines leading to a

corner, if a secure place within a distance of 10 chains is available. If

there is no place to be found on a surveyed line within that limiting dis-

tance, that can be occupied and marked, a witness corner may be

located in any direction within a distance of 5 chains.

250. A reference monument is an accessory and is employed in situa-

tions where the site of a corner is such that a permanent monument can

not be established or where the monument would be liable to destruc-

tion, and bearing trees or a nearby bearing object are not available.

Where the true point for a corner falls within an unimproved road-

way in such a place as to interfere with travel, an iron post, a tablet

in a concrete block, or a marked (X) stone or some suitable article

will be buried in the ground at the true corner point. At least two

reference monuments will be established at suitable places outside of

the roadway, if bearing trees or a nearby bearing object are not avail-

able. Due allowance should be made for probable grading, cuts or

fills, or for other road improvement; placing the reference monuments

where they are not liable to be disturbed.

The surface of gravel, macadam, or bituminous-topped roads should

not be dug into without the approval of the proper authority, but if

permission is granted, a deposit at the true corner point may be made.

In case of hard surface, a tablet, copper bolt, large nail, or cross (X)

may be placed at the true point if that has been permitted. In any

event such corner can be occupied, and may be marked temporarily

by paint, or scratch. Two reference monuments will be established,

following the practice for highway surveys to the extent that is

feasible, and will ordinarily suffice in the public-land surveying prac-

tice, but four may be employed if that seems to be required. If

practicable, when two monuments are employed they will be placed

equidistant and in opposite directions; where four are employed they

will be placed in opposite directions in the four quadrants.
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251. A witness point is a monumented station on a line of the survey

and is employed to perpetuate an important location more or less

remote from and without special relation to any regular corner.

The station may be near a road or stream crossing, valuable im-

provements, the border of a large cultivated field or meadow, an

important unmeandered stream or lake, or the border of a reservoir;

at the summit of an important slope, ridge, or mountain; and for

marking the end stations of a long triangulation that passes over the

point for a normal corner, where one or both stations are beyond the

limiting distance of 10 chains prescribed for setting witness corners.

252. Monuments marking corners that fall in cultivated fields or

meadows should be so constructed as to interefere with farming opera-

tions as little as possible and should conform to the wishes of the

owner in so far as practicable.

Generally an iron post, brass tablet in a concrete block, a marked

stone or some suitable article may be buried at the corner point and

witnessed by a substantial guard post. Bearing objects or bearing

trees will be employed if available within a reasonable distance and

careful bearings to one or more distant objects will be recorded if

available.

253. All of the lines of a survey will be completed in the regular

manner if the true point for a corner is accessible. Where the point

cannot be attained or occupied, a line connecting with the true corner

may be regarded as surveyed if it has been completed by the running

and measurement of a suitable offset or traverse, resulting in a closed

figure which approaches the true corner point within the limits pre-

scribed for the setting of a witness corner.

In those surveys that are to be continued over rough mountainous

terrain or impassable marsh, by triangulation, stadia measurement,

or offset, passing over one or more regular corner positions that can-

not be occupied, the beginning and end stations on the true line will

be marked by a witness corner if within 10 chains of an omitted

corner, or by a witness point if more than that distance.

On the other hand if the survey is to be discontinued because of

rough mountainous terrain, waste or useless lands, or impassable

marsh, the whole of the section will be regarded as surveyed if the

section lines have been measured and all section and quarter-section

corners are monumented in place or are witnessed within the pre-

scribed limits. If there is no suitable place for a witness section corner

within the prescribed limits, one or more legal subdivisions will be

eliminated as provided in sections 489 to 497, incl.

254. The field notes will show every detail of the relation of a witness

corner or reference monument to the true point for a corner; a witness

point will be duly recorded. In the case of witness corners, the direct
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connecting course and distance will be shown upon the plat of the

survey. If there are many witness corners, and in all cases of difficult

plat lettering, where it may interfere with the plat subject, the data

relating to the direction and distance may be indicated by marginal

memorandum or tabulation. Reference monuments and witness

points will not be shown or tabulated on the plat.

MARKING CORNER MONUMENTS

255. All classes of corner monuments are to be marked in accordance

with a system hereinafter described which has been devised to furnish

a ready identification of the position of the monument which bears

the marks. Capital letters and Arabic figures are employed to mark

iron post and tree monuments. The letters and figures relate to the

township, range and section to which the corner belongs. On stone

corner monuments marks termed notches and grooves are employed

to convey the information. The notches and grooves relate, in the

case of an exterior corner, to the normal number of miles from the

monument to the adjoining township corners; in the case of a sub-

divisional corner, to the normal number of miles from the monument

to the east and south township boundary lines, as hereinafter described

more fully, thus furnishing the means of ascertaining the appropriate

section numbers.

256. All markings should be accomplished neatly, distinctly, and

durably; the marks are to be carefully arranged. An assortment of

steel dies, stone chisels and punches, and timber scribes, in good

condition for use, should always be at hand.

257. A witness corner monument will be constructed the same as a

regular corner for which it stands. The marks on an iron post

monument will be similar to those on a regular corner with the addi-

tion of the letters "W C" and an arrow pointing to the true corner.

On a stone, "W C" (only), on the south face if the true line field

notes are to read running north; on the east face if running west. On

a tree, two hacks each on the north and south sides on a meridional

fine; on the east and west sides if it is a latitudinal line; both the same

as a line tree, which serves exactly the same purpose. Sections 235;

236, paragraph 4; 299.

A reference monument normally will be marked the same as a bear-

ing tree located in a similar position with the addition of an arrow

pointing to the true corner, and the date, and substituting the letters

"B, M" for "B T". Where reference monuments are established at

corners of minimum control, including corners on standard lines, the

monument established in the section to which the corner does not

refer will be marked only with the letters "R M" and an arrow point-

ing to the true corner position.
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Witness Point: The marks on the iron post, "W P" (only), at the

top, the date at the bottom, and S with the section number (only),

on each of the halves appropriate for the line of the survey. On a

stone, "W P" (only), on the face as in marking a witness corner. A

tree that is intersected by the true line will be marked as a line tree,

which of course has the same function as that intended for a witness

point.

All accessories, section 318.

258.

The following schedule

is an index of the ordinary mar

common to all classes of corners

and accessories:â��

Mark*

To indicateâ��

Marks

To indicateâ��

A M

Amended, sec. 163.

R

Range.

A M C

Auxiliary meander corner.

R M

Reference monument.

A P

Angle point.

S

Section.

B 0

Bearing object.

s

South.

B T

Bearing tree.

s c

Standard corner.

C

Center.

SE

Southeast.

C C

Closing corner.

SMC

Special meander cornel

ti

East.

SW

Southwest.

L M

Location monument.

T

Township.

M

Mile.

TR

Tract.

M C

Meander corner.

W

West.

N

North.

w c

Witness corner.

NE

Northeast.

W P

Witness point.

NW

Northwest.

H

Quarter section.

P L

Public land (unsurveyed).

Ki

Sixteenth section.

MARKS ON IRON POST MONUMENTS

259. The markings upon the brass cap of an iron post should always

be made to read from the south side of the monument, and all iron

posts will be marked with the year number at the date when estab-

lished.

260. Standard township corners are to be marked "S C" and the

township on the north half, and the ranges and sections in the proper

quadrants; as for example:

'sc

T 25 N

R 17 E I RI8E

S 36 IS 31

1916

261. Closing township corners are to be marked "C C" on the half

from which the closing line approaches the monument, with the

township (or range) on the same half, and the ranges (or townships)

and sections in the proper quadrants; also (as far as known at the

time) the township, range and section, or the initials or abbrevia-

261

r 
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Witness Point: Th~ marks on the iron post, "W P" (only), at the 
top, the date at the bottom, and S with the section number (only), 
on each of the halves appropriate for the line of the survey. On a 
stone, "W P" (only), on the face as in marking a witness corner. A 
tree that is intersected by the true line will be marked as a line tree, 
which of course has the sa.me function as that intended for a witness 
point. 

All accessories, section 318. 
258. The following schedule is an index of the ordinary markings 

common to all classes of corners and accessories:-
Marti To indicGte- Mar" To tndkale-

AM Amended, sec. 163. R Range. 
AMC Auxiliary meander cornel'. RM Reference monument. 
AP Angle point. S Section. 
BO Bearing object. S South. 
BT Bearing tree. S C Standard corner. 
C Center. SE Southeast. 
ce Closing corner. SMC Special meander corner. 
E East. SW Southwest. 
LM Location monument. T Township. 
M Mile. TR Tract. 
Me Meander corner. W West. 
N North. WC Witness corner. 
NE Northeast. WP Witness point. 
NW Northwest. ~ Quarter section. 
PL Public land (unsurveyed). ~8 Sixteenth section. 

MARKS ON IRON POST MONUMENTS 
, 

259. The markings upon the brass cap of an iron post should always 
be made to read from the south side of the monument, and all iron 
posts will be marked with the year number at the date when estab
lished. 

260. Standard t01J)1UJhip corners are to be marked "s e" and the 
township on the north half, and the ranges and sections in the proper 
quadrants; 88 for example: 

's C 
T ZS N 

R 17 E I R 18 E 
536 531 

• 
1916 

261. Closing township corners are to be marked" C e" on the half 
from which the closing line approaches the monument, with the 
township (or range) on the same half, and the ranges (or townships) 
and sections in the proper quadrants; also (as far as known at the 
time) the township, range and section, or the initials or abbrevia-
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tion of the State, reservation, grant or private claim, upon which

the township exterior closes; as for example:

T25N RI7E

S36

S I t S 6

RI7E| RISE

t; -, n

cc

1916

T24N

T24N

RI7E

S-36.

S3I

S6 â�¢ "

RI6E

T23N

CC

UTAH

T20N

RI20W

S32

S5

TI9N

CC

OI6

1916

262. Corners common to four townships are to be marked with the

townships on the north and south halves, the ranges on the east and

west halves, and the sections in the four quadrants; as for example:

T23N

RI7E

S36

S I

RT8E

S3I

S6

T 22 N

1916

263. Corners common to two townships only are to be marked with

the township (or range) common to both on the proper half, and the

ranges (or townships) and sections in the proper quadrants; also (as

far as known at the time) the township, range and section upon the

opposite half; as for example:

T3 N

R7W

S36

S 1

T2N

TI4S

T2 N

R6W

S6

R7 W

S 36

R6W

S3I

TI5S R7 W SI

1916

1916

264. Corners referring to one township only are to be marked with

the township, range and section in the particular quadrant which is

concerned; also (as far as known at the time) the township, range

and section upon the opposite part; as for example:

T20N

R5W

T 23 N

IT35N

R44E

TON

S3I

ROW

S36

1 S 31

R 6 W

SI

IS

T 22 N

S

ROW

T34N R43E

SI

1916

1

16

12

16

265. Standard section corners are to be marked "S C" and the

township and range on the north half, and the sections in the proper

quadrants; as for example:

sc

T25N

S35

RI7E

S36

1916

261
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tion of the State, reservation, grant or private claim, upon which 
the township exterior closes; as for example: 

T25N RI7E 
536 

. 1 -5 I 56 
R 17 E R 18E: 

T; ~ N 
CC 

1916 

T24N 
T 24N R 17 E 

531 
56 . - CC 

R 16 E T23 N 

1916 

T20N 
RI20W 

UTAH 532 CC 
55 
TI9 N 

1916 

262. Corners common to four t01l.mships are to be marked with the 
townships on the north and south halves, the ranges on the east and 
west halves, and the sections in the four quadrants; as for example: 

T23N 
R 17 E R raE: 
536 531 
5 I 56 
T 22 N 

19/6 

263. Corners common to two t01l.m8hips only are to be marked with 
the toWDihip (or range) common w both on the proper half, and the 
ranges (or townships) and sections in the proper quadrants; also (as 
far as known at the time) the wwnship, range and section upon the 
opposite haH; as for example: 

T3N 

~
7W 

536 T 2 N 
R6W 

5 I 56 
T2N 

1916 

TI45 
R 7 W R6W 
536 531 

TIS5 R7 W 51' 
1916 

264. Corners referring to one township only are w be marked with 
the township, range and section in the particular quadrant which is 
concerned; also (as far as known at the time) the township, range 
and section upon the opposite part; as for example: 

T20N R5W 

~
19N 531 

R6W 
51 

1916 

T 23 N 
RI9W 

536 
T 22 N R 19W 

51 
1916 

r3SH 
R44E 
531 

T34N R43 E 
51 
1916 

265. Standard section C01"M1'B are to be marked "S 0" and the 
township and range on the north haH, and the sections in the proper 
quadrants; as for example: 

261 
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5C 
T25 N RI7E 

535 536 

1916 
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266. Closing section corners are to be marked "C C" and the

township and range on the half from which the closing line approaches

the monument, and the sections in the proper quadrants; also (as

far as known at the time) the township, range and section, or the

initials or abbreviation of the State, reservation, grant or private

claim, upon which the section line closes, with the exception that

in the case of an interior closing section corner, the township and

range numbers will not be repeated; as for example:

T25N RI7E

S35

S2

T24N

C

SI

RI7E

C

19

16

TR48

S26 S25

T 12 N I R5W

CC

1916

SI6

TI4N _

S 10

SI5

RI6E

CC

1916

267. Corners common to four sections are to be marked: (a) On

an exterior, with the township (or range) common to the adjoining

townships, the ranges (or townships) upon the opposite sides of the

exterior, and the sections; and (b) a subdivisional corner, with the

township, range and sections; all appropriately set forth as follows:

T2SN

T26N

RI7E

T2SN

RI7E

R 17 E

RISE

S35

S36

S23

S24

S 12

S7

S 2

SI

S 26

S25

SI3

SI8

T25N

1916

19

16

1916

268. Section corners common to two sections only are to be marked

with the township and range on the half facing the sections to which

the corner belongs, and the sections in the proper quadrants; also

(as far as known at the time) the township, range and section upon

the opposite half, except that in the case of an interior corner, the

township and range numbers will not be repeated; as for example:

TI4S

S 12

S 13

RI7E

TI4S

RI8E

S7

1916

T27N

S3I

RI7 W

S32

T26N

RI7W

6

S

IS

16

TI4S

S 10

R20W

Sll

SI4

1916

268
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266. Closing 8ectiofl corner8 are to be marked ICC C" and the 
township and range on the half from which the closing line approaches 
the monument, and the sections in the proper quadrants; also (as 
far as known at the time) the township, range and section, or the 
initials or abbreviation of the State, reservation, grant or private 
claim, upon which the section line closes, with the exception that 
in the case of an interior closing section corner, the township and 
range numbers will not be repeated; as for example: 

T 25 N RI7 E TR48 TI4N 
535 526 525 510 

52
1

51 
516 CC 

T 12 N R5W SI5 
T24N RI7 E CC RI6E 

CC 1916 1916 
1916 

267. O()'I"MrB common to four sections are to be marked: (a) On 
an exterior, with the township (or range) common to the adjoining 
townships, the ranges (or townships) upon the opposite sides of the 
exterior, and the sections; and (b) a Bubdivisional corner, with the 
township, range and sections; all appropriately set forth as follows: 

T25N 
RI7 E RISE 

512 57 

513 518 

1916 

T26N R 17 E 
5351536 

S 2 SI 
T25N 
19.16 

T25 N RI7E 
523 524 

526 525 
1916 

268. Section Corner8 common to two section8 only are to be marked 
with the township and range on the half facing the sections to which 
the corner belongs, and the sections in the proper quadrants; also 
(as far as known at the time) the township, range and section upon 
the opposite half, except that in the case of an interior corner, the 
township and range numbers will not be repeated; as for example: 

T 145 TI45 
512. 

-----i RI8E 
513 

RI7E 57 
1916 
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T27N RI7W 
531 532 

T26N RI7W 
56 
1916 

T 145 R20W 
5 10 5" 

514 
1916 

Original from 
UNIVERSITY OF INNESOTA 

268 



256

MANUAL OF SURVEYING INSTRUCTIONS

269. Section corners referring to one section only are to be marked

with the township, range and section in the particular quadrant

which is concerned; also (if known at the time) the section upon

the opposite part; as for example:

s 10

T84N

R73W

S 16

1916

T27N

RI6W

S 17

S28

S20

1316

270. Standard quarter-section corners are to be marked

and the section, all on the north half; as for example:

SC ,

is 36

T57N

R63W

S34

1916

'S C M"

1916

271. Quarter-section corners of maximum control are to be marked

(a) on a meridional line, "%" on the north, and the sections on the

east and west halves; and, (6) on a latitudinal line, "K" on the

west, and the sections on the north and south halves; as for example:

S 13

S 18

1916

S 2t

S 28

1916

272. Quarter-section corners of minimum control are to be marked

"%" and the section, all on the half toward the particular section

which is concerned; as for example:

4 S 4

1916

JSI6

1916

*S7

1916

269i
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269. Section C01"IUr8 rejerring to one section only are to be marked 
with the township, range and section in the particular quadrant 
which is concerned; also (if known at the time) the section upon 
the opposite part; as for example: 

S 10 

T84N 
R73W 

516 
1916 

T27N 
RI6W 

5 17 

520 
1916 

5 28 

T 57 N 
R63W 
534 

191b 

270. Standard qttarler-section corners are to be marked "S C W' 
and the section, all on the north half; as for examrle: 

sc , 
is 36 

1916 

271. Quarter-section corners oj maximum control are to be marked 
(a) on a meridional line, "W' on the north, and the sections on the 
east and west halves; and, (b) on a latitudinal line, "X" on the 
west, and the sections on the north and south halves; as for example: 

! 
5 131518 

1916 

I 5 21 
4 S28 

1916 

272. Quarter-section corners oj minimum control are to be marked 
H~" and the section, all on the half toward the particular section 
which is concerned; as for example: 

269. 

.!: 54 
1916 
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273. Meancler corners are to be marked "M C" on the half toward

the meanderable body of water, and the additional marks (a) on a

standard parallel or other line controlling surveys to one side only,

with the township, range, and section toward the surveyed land;

(6) on an exterior, with the township (or range) common to the

adjoining townships, the ranges (or townships) upon the opposite

sides of the exterior, and the sections; and (c), on a subdivisional

line, with the township, range, and sections; all appropriately set

forth as follows:

MC

1916

T24H

R 17 W

T23N

S3S

MC

RI7W

1916

T25N

S 26

MC

273

CORNER MONUMENTS 257 

273. Meander corner8 are to be marked ,~ C" on the hall toward 
the meanderable body of water, and the additional marks (a) on a 
standard parallel or other line controlling surveys to one side only, 
with the township, range, and section toward the surveyed land; 
(6) on an exterior, with the township (or range) common to the 
adjoining townships, the ranges (or townships) upon the opposite 
sides of the exterior, and the sections; and (c), on a subdivisional 
line, with the township, range, and sections; all appropriately set 
forth as follows: 

'l"25N 
R 17E 

533 

.916 

T23" 
535 

R 17W----\ 
52 

T22 N 
1916 

T 25 N R 17 £ 
526 525 

Dig ize b 

R 18~ 

T 24 N 
1916 

I---RI7W 
S2 
T22N 
1916 

T25N 
523 

T24k 

Me 
526 S 25 

T25N R 17~ 

1916 

191& 
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274. The interior quarter-section and all sixteenth-section corners,

when required by the written special instructions, are to be marked

in accordance with the scheme shown in the following diagram:

S25

r. S2S

1

1

S36

E,lS36 "

T

1916

1916

1

1

1

1

1

1

1

1

8 35 S3S

â� 

' NwfesSS

c

N|fe|s36

NE,^S36

"h

1

1916

C

1916

1916

1

1916

1916

1

i

1

1

â�¢

1

1

1

1

1

1

1.

1

1

1

1

1

1

1

s

1

1

Wife

Ci S36

EA

I

l

"S36

.1916

S36

1916

1916

1

1

1

â�¢

â�¢

â�¢

1

1

1

â� 

1

1

1

1

1

1

J

1

I

I

1

1

1

S3SJS36

3k

Sw4 S36

c

SE^ S36

-â�� S36|S3Â«

s,A

5^1 S36

1916

1916

c

1916

1316

1916

:

â�¢

t

1

1

1

â�¢

1

I

1

1

1

1

1

1

I

I

1

:

1

1

1

1

1

1

. S36

1

. __i

1 J

L

wâ��ai -

Efes| --

Corners of minor subdivisions. In those surveys where a quarter-

quarter section is to be subdivided into quarter-quarter-quarter

sections (%4 or 10-acre units), or aliquot parts as small as Kbb (2.5

acres), the required monuments on the boundaries of the quarter-

quarter section, and those that may be needed for the perimeter lines

within the quarter-quarter section, will be marked on the plan indi-

cated below.

The diagram shows the marking for the monuments at corners of

2.5-acre units within one regular quarter-quarter section. If those

units, or any one of them, are to be quartered, only the fraction Kw4

will be used for marking whatever monuments may be required of

that order, including also the year number.

Markings on monuments at the corners of Yu and %w of a section,

274
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274. The inferior quarler-section and all sixlunth-section C07'fU1'8, 

when required by the written special instructions, are to be marked 
in accordance with the scheme shown in the following diagram.: 

525 I 525 r------- Wii 536 ------,------

I 1916 

E~- ---- --, 
536 

ISI6 • 
I 
I 
I 

• • 

• I 
I 
I 
I 

____ ..: NWm 531 

IiIS 

• 
I • 
I I 

• I 

• 
, 

•• w~ I _. .-. __ A ____ 
~--c , -536 

I 1916 
I • • • I I 
I I , I 

s~ _____ SW~536 
8351536 

1916 

• • • , 
• I 
I L _____ _ 

1916 

• • I 

.. _...!--

-----

c 

Nm/ S36 
c 

1916 

.ct 536 

.1916 

I .. 
I 

• I 

c 
Sfs l 536 

c 
1916 

I 

• I 
I 

• I 
I 

- -.-"--

-- ---

_______ 1 ______ -

I 
I I 

NEil 536 

1916 

til 
c-c 

536 
1916 

5Eii 538 

1916 

536 E4-
SI 

1918 

I 
I 

, 
-_ .. -----1 

sil 
-- --53615l1 

"18 

I , 
• I , 
I _ ______ 1 

Oorner8 oj minor 8ubdivisions. In those surveys where a quarter
quarter section is to be subdivided into quarter-quarter-quarter 
sections (Y., or IO-acre units), or aliquot parts as small as ~511 (2.5 
acres), the requirC'd monuments on thc boundaries of the quarter
quarter section, and those that may be needed for the perimeter lines 
within the quarter-quarter section, will be marked on the plan indi
cated below. 

The diagram shows the marking for the monuments at corners of 
2.5-acre units within one regular quarter-quarter section. If those 
units, or anyone of them, are to be quartered, only the fraction M024 

will be used for marking whatever monuments may be required of 
that order, including also the year number. 

Markings on monuments at the corners of %, and ~II of a section, 

274 
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when subdivided as aliquot parts, for example on the boundaries of

and within the SEtfSEtf sec. 36:

If M024 comers are used they will be marked M024 only.

275. Sixteenth-section corners of minimum control are to be marked,

with a key letter (N, E, S, or W) to indicate the position of the monu-

ment, and '%" and the section, all on the half toward the particular

section which is concerned; as for example:

â�  w-

I vv-

=n

u

S36

1916

S 22

1916

Key

275
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when subdivided as aliquot parts, for example on the boundaries of 
and within the SE~SE}~ soo. 36: 

e----
---- ---- ---- ----

I 
I 
I 
t 

---- ---- ---- ----
I @ .I 

"411 I 
I 

---- ---- ----

If J.iou comers are used they will be marked J.iOH only. 

275. Sixteenth-section corners oj minimum control are to be marked, 
with a key letter (N, E, S, or W) to indicate the position of the monu
ment, and "XII" and the section, all on the half toward the particular 
section which is concerned; as for example: 

r-w £, 
N N 

S 5 

Lw E~ 
Key 

Dig e b 

sri 
536 

1916 

Original from 
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276. Special meander corners are to be marked in accordance with

the following scheme:

Key letters (N, E, S, W, or C) will be used in pairs to indicate the

position of the subdivision-of-section line.

r

Wâ��Câ��E

N-

I

s s

Iâ��wâ��câ��Eâ��I

1

Key

The marks "S M C" will be placed on the half toward the mcan-

derable body of water, and the section on the opposite half, as for

example:

SMC

30

w

1916

SMC

\c

30

c

1916

30

1916

-7n

/SM<

SMC/S

c/ C

/ 30

1916

SMC/S

/ 30

1916

277. Auxiliary meander corners will be marked "A M C" and the

township, range, and section; as for example:

AMC

T64N R37W

S 29

1916

When two or more auxiliary meander corners are found to be required

for islands that are situated within the same section, their identifica-

tion will be secured as explained in section 233, and not by serial

number.

276
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276. Special meandtr Corntr8 are to be marked in accordance with 
the following scheme: . 

Key letters (N, E, S, W, or e) will be used in pairs to indicate the 
position of the subdivision-of-section line. 

r I 
i J 
y I. 

W-C-I 

l J w-c- .. 
Key 

The marks "8 M e" will be placed on the half toward the mean
derable body of water, and the section on the opposite half, as for 
example: 

SMC 

~ 
w 

1916 

~ N N 
30SMC 

1916 

SMC 

fa 
C 

1916 

SM~ C C 
30 

1916 

£ 

-t 
SMC 
1916 

s~ s S 
30 

1916 

277. Auxiliary meander corners will be marked "A M e" and the 
township, range, and section; as for example: 

AMC 
T64N R37W 

529 
1916 

When two or more auxiliary meander comers are found to be required 
for islands that are situated within the same section, their identifica
tion will be seeured as explained in section 233, and not by serial 
number. 

276 
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278. Closing subdivision-qf-sedion corners are to be marked in accord-

ance with the following scheme:

Key letters (N, E, S, W, or C) will be used in pairs to indicate the

position of the subdivision-of-section line.

-wâ��câ��E

n

-wâ��c

-E_i

Key

The marks "C C" and the section will be placed on the half from

which the closing line approaches the monument.

(The marks "B I R" indicate "Blackfeet Indian Reservation.")

279. Markings for miscellaneous angle points along irregular

boundaries:

For" angle point No. 4" on the

boundary of the "Blackfeet In-

dian Reservation," falling on

surveyed land.

For" angle point" on the south

boundary of section 33, super-

seding an old standard corner on

a defective line, not subject to

rectification.

T27N/

S.3<AP4

\B!R

RI7W\

1916

AP

TI2S R90W

S33

1916

279
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278. Olotnng B1lbdWiBioo-of-section oorners are to be marked in accord
ance with the following scheme: 

Key letters (N, E, S, W, or C) will be used in pa.irs to indicate the 
position of the subdivision-of-section line. 

N 

I 
c 
! 
L w- c .. '-E 

Key 

The marks "0 0" and the section will be placed on the baH from 
which the closing line approaches the monument. 

(The marks "B I R" indicate "Blackfeet Indian Rese.rvation.") 

PL 
E 

~ 
E: 

BIR 
10916 

~L 
W 

~ 
W 

SIR 
1916 

~L 
C 

~ 
C 

SIR 
1916 

PL~C N N 
S 28 
SIR 

1916 

p~cc c c 
. 528 

SIR 
191& 

P~CC S S 
528 
BIR 

1916 

219. Markings for miscellaneous angle pointe along irregular 
boundaries : 

S 13 AP4 T2~7 
BIR 

RI7W 

lSI 6 

AP 
TI2S R90W 

S 33 

1916 

Dig ize b 

For" angle point No.4" on the 
boundary of the "Blackfeet In
dian Reservation," falling on 
surveyed land. 

For II angle point" on the south 
boundary of section 33, super
seding an old standard corner on 
a defective line, not subject to 
rectification. 
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T16 N R 7 E For "angle point No. 2" on

S 14

AP2 the boundary of a private claim

tr 37 ("Tract No. 37") falling on sur-

1916 veyed land.

For "angle point No. 12" on

a reestablished non-riparian

( T20n meander line; the marks "A P"

I2/R5W and the serial number will be

SlÂ° placed on the half toward the

1916 land erroneously omitted from

the original survey.

280. Markings for intermediate corners1 along boundaries:

139 M For "139th mile corner" on

MEX the boundary line between the

TEXAS States of "New Mexico and

19,6 Texas."

For "3d mile corner" on the

boundary of the "Blackfeet In-

dian Reservation," falling on

unsurveyed land.

v For " 13th mile corner" on the

6' R \ R17 w boundary of the "Blackfeet In-

13 M \ S 25 dian Reservation," falling on

1916 surveyed land.

MARKS ON STONE MONUMENTS

281. Where a stone monument is established the letters, figures,

and grooves will be cut on the exposed faces or sides of the stone,

but not on its top or end; the notches will be cut upon the exposed

vertical edges. Grooves are employed where the faces of a stone

are oriented to the cardinal; notches where the vertical edges are

turned to the cardinal. All marks will be made from 1 to IK inches

in size, and will be plainly and permanently chiseled into the stone.

282. Standard township corners (oriented with the faces to the

cardinal) are to be marked "S C" on the north face, with the township

on the same face, and the ranges on the adjoining faces; as for

example:

S C 25 N on N.,

18 E " E., and

17 E " W. face.

> The marked stations along a boundary are not corners in the strict sense, but merely monumented

points. The term has been established by long usage; it is continued tor that reason.

279
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T 16 N R 7 E 

lAP 2 
514 TR37 

1916 

~T20N 
12 RSW 

SIO 

1916 

For" angle point No.2" on 
the boundary of a private claim 
("Tract No. 37") falling on sur
veyed land. 

For "angle point No. 12" on 
a reestablished non - riparian 
meander line; the marks" A P" 
and the serial number will be 
placed on the half toward the 
land erroneously omitted from 
the original survey. 

280. Markings for intermediate corners 1 along boundaries: 
139 M 
N MEX 

TEXAS 
1916 

Blr PL 

3M 
191& 

BI R R 17W ~
25N 

I~ M S 2S 

1916 

For "139th mile corner" on 
the boundary line between the 
States of "New Mexico and 
Texas." 

For "3d mile corner" on the 
boundary of the" Blackfeet In
dian Reservation," falling on 
unsurveyed land. 

For" 13th mile corner" on the 
boundary of the "Blackfeet In
dian Reservation," falling on 
surveyed land. 

MARKS ON STONE MONUMENTS 
281. Where a stone monument is established the letters, figures, 

and grooves will be cut on the exposed faces or sides of the stone, 
but not on its top or end; the notches will be cut upon the exposed 
vertical edges. Grooves are employed where the faces of a stone 
are oriented to the cardinal; notches where the vertical edges are 
turned to the cardinal. All marks will be made from 1 to 1 ~ inches 
in size, and will be plainly and permanently chiseled into the stone. 

282. Standard township corners (oriented with the faces to the 
cardinal) are to be marked "s C" on the north face, with the township 
on the same face, and the ranges on the adjoining faces; as for 
example: 

S C 25 N on N., 
18 E " E., and 
17 E " W. face. 

J The marked stattons alonl a boundary are not corners in the strict sense, but merely monumlDted 
points. The term has been ~tablJahed by long usage; It is continued for that IllBIIOn. 
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283. Closing township corners (oriented with the faces to the

cardinal) are to be marked "C C" and with six (or fewer) grooves on

the face from which the closing line approaches the monumentâ��the

grooves to indicate the normal number of miles (or fractional parts)

from the monument to the adjoining township cornerâ��with the

township (or range) on the same face, and the ranges (or townships)

on the adjoining faces; also the initial or abbreviation of the State,

reservation, grant or private claim, on the face toward such irregular

tract as may be closed upon; as for example: â�¢

20 N on N.,

C C 120 W and 5 grooves (on line between sections 5 and 32) on E.,

19 N onS., and

UTAH " W. face.

284. Corners common to four townships (oriented with the edges to

the cardinal) are to be marked with the townships on the northeast

and southwest faces, and the ranges on the southeast and northwest

faces; as for example:

23 N on NE.,

18 E " SE.,

22 N " SW., and

17 E " NW. face.

285. Corners common to two townships only (oriented with the faces

to the cardinal) are to be marked with the township (or range) common

to both on the face toward the townships, and the ranges (or town-

ships) on the adjoining faces; as for example:

3 N on N.,

2 N " S., and

7 W " W. face.

286. Corners referring to one township only (oriented with the edges

to the cardinal) are to be marked with the township and range on the

face toward the particular township; as for example:

23 N 7 W on NW. face.

287. Standard section corners (oriented with the faces to the cardinal)

are to be marked "S C" on the north face, and with from one to five

grooves on the east and west faces, the grooves to indicate, respect-

287
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283. GloBing township corners (oriented with the faces to the 
cardinal) are to be marked /lC C" and with six (or fewer) grooves on 
the face from which the closing line approaches the monument-the 
grooves to indicate the normal number of miles (or fractional parts) 
from the monument to the adjoining township corner-with the 
township (or range) on the same face, and the ranges (or townships) 
on the adjoining faces; also the initial or abbreviation of the State, 
reservation, grant or private claim, on the face toward such irregular 
tl'act as may be closed upon; as for example: 

20 N on N., 
C C 120 W and 5 grooves (on line between sections 5 and 32) on E., 

19' N on S., and 
UTAH " W. face. 

284. Gorners common to four to'Um.Ships (oriented with the edges to 
the cardinal) are to be marked with the townships on the northeast 
and southwest faces, and the ranges on the southeast and northwest 
fa.?eB; as for example: 

23 Non NE., 
18 E " SE., 
22 N " SW., and 
17 E " NW. face. 

285. Corners common to two townships only (oriented with the faces 
to the cardinal) are to be marked with the township (or range) common 
to both on the face toward the townships, and the ranges (or town
ships) on the adjoining faces; as for example: 

3 N on N., 
2 N " S., and 
7 W " W. face. 

286. Gorners referring to one l()'IJ)1I,8hip only (oriented with the edges 
to the cardinal) are to be marked with the township and range on the 
face toward the particular township; as for example: 

23 N 7 Won NW. face. 

287. Standard section comers (oriented with the faces to the cardinal) 
are to be marked "s C" on the north face, and with from one to five 
grooves on the east and west faces, the grooves to indicate, respect-
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ively, the number of miles from the monument to the adjoining

(regular) township corner; as for example:

S C on N.,

1 groove on E., and

5 grooves on W. face (standard corner of sec-

tions 35 and 36).

288. Closing section corners (oriented with the faces to the cardinal)

are to be marked "C C" and with from one to six grooves on the face

from which the closing line approaches the monument, and from one

to five grooves on each of the adjoining facesâ��the grooves to indicate

the number of miles (or fractional parts) from the monument to each

of the three (regular) township boundary fines in the same directions,

respectivelyâ��also the initials or abbreviation of the State, reservation,

grant or private claim, on the face toward such irregular tract as may

be closed upon; as for example:

2 grooves on E.,

C C and 6 " " S., and

4 " " W. face (on line between

sections 2 and 3

closing on a stand-

ard parallel).

289. Corners common to four sections (oriented with the edges to

the cardinal) are to be marked (a) on an exterior, with from one to

five notches each on two opposite edges, north and south on a merid-

ional line, and east and west on a latitudinal fine, each to indicate,

respectively, the number of miles from the monument to the adjoining

(regular) township corner; and (6) a subdivisional corner, with from

one to five notches on the east and south edges, each to indicate, re-

spectively, the number of miles from the monument to the (regular)

east and south township boundary lines. The subdivisional section

corners of a fractional township will be marked with reference to the

theoretical position of normal east and south boundaries, whether

surveyed or not; as for example:

2 notches on N. and 4 notches on S. edge (for corner of sections

7, 12, 13 and 18 on a range line).

2 notches on E. and 4 notches on W. edge (for corner of sections

2, 3, 34 and 35 on a township line).

2 notches on E. and 4 notches on S. edge (for corner of sections

10, 11, 14 and 15, of a subdivisional survey).

290. Section corners common to two sections only (oriented with the

287
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ively, the number of miles from the monument to the adjoining 
(regular) township comer; as for example: 

S C on N., 
1 groove on E., and 
5 grooves on W. face (standard comer of sec

tions 35 and 36). 

288. CloBing section corners (oriented with the faces to the cardinal) 
are to be marked "C C" and with from one to six grooves on the face 
from which the closing line approaches the monument, and from one 
to five grooves on each of the adjoining faces-the grooves to indicate 
the number of miles (or fractional parts) from the monument to each 
of the three (regular) township boundary lines in the same directions, 
respectively-also the initials or abbreviation of the State, reservation, 
grant or private claim, on the face toward such irregular tract as may 
be closed upon; as for example: 

2 grooves on E., 
C C and 6 " "S., and 

4 " "W. face (on line between 
sections 2 and 3 
closing on a stand
ard parallel). 

289. O0'f"Tlg8 common to foor sectWn8 (oriented with the edges to 
the cardinal) are to be marked (a) on an exterior, with from one to 
five notches each on two opposite edges, north and south on a merid
ionalline, and east and west on a latitudinal line, each to indicate, 
respectively, the number of miles from the monument to the adjoining 
(regular) township comer; and (6) a subdivisional comer, with from 
one to five notches on the east and BOUth edges, each to indicate, re
spectively, the number of miles from the monument to the (regular) 
east and south township boundary lines. The subdivisional section 
comers of a fractional township will be marked with reference to the 
theoretical position of normal east and BOuth boundaries, whether 
surveyed or not; as for example: 

2 notches on N. and 4 notches on S. edge (for comer of sections 
7, 12, 13 and 18 on a range line). 

2 notches on E. and 4 notches on W. edge (for corner of sections 
2, 3, 34 and 35 on a township line), 

2 notches on E. and 4 notches on S. edge (for corner of sections 
10, 11, 14 and 15, of a subdivisional survey). 

290. Section corners common to two ,eCIiOM only (oriented with the 
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edges to the cardinal) are to be marked with the sections on the faces

toward the particular sections to which the corner belongs; as for

example:

S 13 on SW., and

S 12 " NW. face (for corner of sections 12 and 13 on the east

boundary of a township).

S 11 on NE., and

S 10 " NW. face (for comer of sections 10 and 11 of a subdivi-

sional survey running north from the mon-

ument).

291. Section corners referring to one section only (oriented with the

edges to the cardinal) are to be marked with the section on the face

toward the particular section which is concerned; as for example:

5 17 on NW. face (for southeast corner of section 17).

292. Standard quarter-section corners (oriented with the faces to

the cardinal) are to be marked "S C %" on the north face.

293. Quarter-section corners of maximum control (oriented with the

faces to the cardinal) are to be marked (a) on a meridional line, "%"

on the west face; and (6) on a latitudinal line, "}i" on the north face.

294. Quarter-section corners of minimum control (oriented with the

faces to the cardinal) are to be marked "Yt" and the section, all on the

face toward the particular section which is concerned; as for example:

% S 4 on S. face (for quarter-section corner on the north boundary

of section 4).

295. Meander corners (oriented with the faces to the cardinal) are

to be marked "M C" on the face toward the meanderable body of

water, and with from one to six grooves on each of the other faces,

each to indicate the number of miles (or fractional parts) from the

monument to the (regular) township boundary line in the same

direction, respectively; as for example:

M C on N.,

6 grooves " E.,

4 " " S., and

6 " " W. face (for meander corner of fractional sections

13 and 18, on the south side of a meander-

able body of water).

296. Special and auxiliary meander corners (oriented with the faces

to the cardinal) are to be marked "S M C" or "A M C," as the case

700004*â��47 18

296
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edges to the cardinal) are to be marked with the sections on the faces 
toward the particular sections to which the comer belongs; 8.8 for 
example: 

S 13 on SW., and 
S 12 " NW. face (for corner of sections 12 and 13 on the east 

boundary of a township). 
S 11 on NE., and 
S 10 " NW. face (for corner of sections 10 and 11 of a subdivi

sional survey running north from the mon
ument). 

291. Section corners referring to one section only (oriented with the 
edges to the cardinal) are to be marked with the section on the face 
toward the particular section which is concerned; as for example: 

S 17 on NW. face (for southeast corner of section 17). 

292. Standard q:uarter-section corners (oriented with the faces to 
the cardinal) are to be marked "s C W' on the north face. 

293. Quarter-section corners of maximum control (oriented with the 
faces to the cardinal) are to be marked (a) on a meridional line, "W' 
on the west face; and (b) on a latitudinal line, "W' on the north face. 

294. Quarter-section corners of minimum control (oriented with the 
faees to the cardinal) arc to be marked "W' and the section, all on the 
face toward the particular section which is concerned; as for example: 

~ S 4 on S. face (for quarter-section corner on the north boundary 
of section 4). 

295. Meander corners (oriented with the faces to the cardinal) are 
to be marked "M C" on the face toward the meanderable body of 
water, and with from one to six grooves on each of the other faces, 
each to indicate the number of miles (or fractional parts) from the 
monument to the (regular) township boundary line in the same 
direction, respectively; as for example: 

MConN., 
6 grooves " E., 
4 " "S., and 
6 " "W. face (for meander corner of fractional sections 

13 and 18, on the south side of a meander
able body of water). 

296. Special and auxiliary meander corners (oriented with the faces 
to the cardinal) are to be marked" S M C" or "A M C," as the case 

296 
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may be, on the face toward the meanderable body of water, and the

section on the opposite face; as for example:

S M C on N., and

S 19 " S. face (for special meander corner on a meridional

subdivision-of-section line in section 19,

on the south side of a meanderable body

of water).

S 20 on E., and

A M C " W. face (for auxiliary meander corner in section 20,

on the east side of a meanderable body of

water).

MARKS ON TREE MONUMENTS

297. Where the true point for a corner is found to fall in the posi-

tion occupied by a sound living tree, the tree will be made the monu-

ment. A tree will be removed if it is too small to be marked.

Section 248.

298. The species of the tree and its diameter, breast height, will

be noted, where a tree is to be made a monument; the appropriate

marks will be made upon the trunk of the tree immediately above the

root crown. A series of marks to be made upon a particular side of

a tree will be scribed in a vertical line reading downward.

299. In the case of certain trees, including the aspen, beech and

locust (smooth and thin barked), the marks may be made preferably

by scribing lightly into the bark without blazing; the marks thus

made will remain as long as the tree is sound. On the rough barked

trees, the marks should be scribed into a smooth, narrow, vertical

blaze, specially prepared by removing just enough of the outer growth

to expose a flat surface of the live wood tissue immediately under-

neath the bark; the marks thus made will remain as long as the tree

is sound, but the blaze and marks will be covered by a gradual over-

growth, showing an outward scar for many years. In regions sub-

ject to heavy snowfall it is desirable to make a small additional

blaze at a height of 6 or 8 feet above the ground, which will serve

to attract attention to the tree during the winter season. The ends

of the blaze should be smoothed off gradually without making a

sharp cut into the live wood tissue. The lower end of the blaze upon

which the marks are placed should be about 6 inches above the root

crown, and its length should be just sufficient to take the marks.

The practice relating to the manner of marking trees, as above

outlined, is designed to cause the least possible injury to the tree,

by enabling a rapid overgrowth; also, to place the marks in a position

where they will remain on the stump if the trunk should be removed.
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may be, on the face toward the meanderable body of water, and the 
section on the opposite face; as for example: 

S M C on N., and 
S 19 "S. face (for special meander corner on a meridional 

subdivision-of-section line in section 19, 
on the south side of a meanderable body 
of water). 

S 20 on E., and 
A Me" W. face (for auxiliary meander corner in section 20, 

on the east side of a meanderable body of 
water). 

MARKS ON TREE MONUMENTS 
297. Where the true point for a corner is found to fall in the posi

tion occupied by a Bound living tree, the tree will be made the monu
ment. A tree will be removed if it is too small to be marked. 
Section 248. 

298. The species of the tree and its diameter, breast height, will 
be noted, where a tree is to be made a monument; the appropriate 
marks will be made upon the trunk of the tree immediately above the 
root crown. A series of marks to be made upon a particular side of 
a tree will be scribed in a vertical line reading downward. 

299. In the case of certain trees, including the aspen, beech and 
locust (smooth and thin barked), the marks may be made preferably 
by scribing lightly into the bark without blazing; the marks thus 
made will remain as long as the tree is sound. On the rough barked 
trees, the marks should be scribed into a smooth, narrow, vertical 
blaze, specially prepared by removing just enough of the outer growth 
to expose a flat surface of the live wood tissue immediately under
neath the bark; the marks thus made will romain as long as the tree 
is sound, but the blaze and marks will be covered by a gradual over
growth, showing an outward scar for many years. In regions sub
ject to heavy snowfall it is desirable to make a small additional 
blaze at a height of 6 or 8 feet above the ground, which will serve 
to attract attention to the tree during the winter season. The ends 
of the blaze should be smoothed off gradually without making a 
sharp cut into the live wood tissue. The lower end of the blaze upon 
which the marks are placed should be about 6 inches above the root 
croWD, and its length should be just sufficient to take the marks. 

The practice relating to the manner of marking trees, as above 
outlined, is designed to cause the least possible injury to the tree, 
by enabling a rapid overgrowth; also, to place the marks in a position 
where they will remain on the stump if the trunk should be removed. 
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Various practices have obtained in the past in different localities,

some of which are objectionable by causing unnecessary injury to a

tree, or on account of the marks being placed in a position where

there is danger of their removal with the trunk in case the tree is

cut down.

300. The above caution applies equally to the marking of bearing

trees, and the engineer is advised, when making retracements, resur-

veys, etc., not to remove the overgrowth on a tree monument or bear-

ing tree unless it is absolutely necessary to do so in order to identify

the tree. The marks on old bearing trees should not be disturbed or

added to. New trees may be marked, which will be recorded in the

field notes.

In the case of trees which have been blazed before marking, the

number of rings contained in the overgrowth (or its equivalent on the

adjoining sections of the tree) will furnish an exact count of the num-

ber of years (one annual ring for each growing season) from the date

of original marking to the date when uncovered. After an old blaze

has been uncovered, conditions are favorable for the decaying process

to set in; the engineer should then adopt additional means to evidence

the position of the corner.

301. Standard township corners are to be marked "S C" and the

township on the north side, and the ranges and sections on the east

and west sides; as for example:

S C T 25 N on N.,

E 18 E S 31 " E., and

E 17 E S 36 " W. side.

302. Closing township corners are to be marked "C C" and the

township (or range) on the side from which the closing fine approaches

the monument, and the ranges (or townships) and sections on the

adjoining sides; also the initials or abbrevation of the State, reserva-

tion, grant or private claim, on the side toward any irregular tract

which may be closed upon; as for example:

E 18 E S 6 on E.,

C C T 24 N " S., and

E 17 E S 1 " W. side.

303. Corners common to four townships are to be marked with the

township and section on the northeast and southwest sides, and the

303
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Varions practices have obtained in the past in different localities, 
some of which are objectionable by causing unnecessary injury to a 
tree, or on account of the marks being placed in a position where 
there is danger of their removal with the trunk in case the tree is 
cut down. 

300. The above caution applies equally to the marking of bearing 
trees, and the engineer is advised, when making retracements, resur
veys, etc., not to remove the overgrowth on a tree monument or bear
ing tree unless it is absolutely necessary to do so in order to identify 
the tree. The marks on old bearing trees should not be disturbed or 
added to. New trees may be marked, which will be recorded in the 
field notes. 

In the case of trees which have been blazed before marking, the 
number of rings contained in the overgrowth (or its equivalent on the 
adjoining sections of the tree) will furnish an exact count of the num
ber of years (one annual ring for each growing season) from the date 
of original marking to the date when uncovered. After an old blaze 
has been uncovered, conditions are favorable for the decaying process 
to set in; the engineer should then adopt addi tional means to evidence 
the position of the corner. 

301. Sta,nOO,rd township corners are to be marked" S 0" and the 
township on the north side, and the ranges and sections on the east 
and west sides; as for example: 

SOT 25 N on N., 
R 18 E S 31" E., and 
R 17 E S 36" W. side. 

302. Closing to'UJ1l,8hip corners are to be marked "0 0" and the 
township (or range) on the side from which the closing line approaches 
the monument, and the ranges (or townships) and sections on the 
adjoining sides; also the initials or abbrevation of the State, reserva
tion, grant or private claim, on the side toward any irregular tract 
which may be closed upon; as for example: 

R 18 E S 6 on E., 
o 0 T 24 N" S., and 
R 17 E S 1 " W. side. 

303. Corners common to jO'Ur townships are to be marked with the 
township and section on the northeast and southwest sides, and the 

303 
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range and section on the southeast and northwest sides; as for ex-

ample:

T 23 N S 31 on NE.,

R 18 E S 6 " SE.,

T 22 N S 1 " SW., and

R 17 E S 36 " NW. side.

304. Corners common to two townships only are to be marked with

the township, range and section on the sides toward the particular

townships; as for example:

T2NR7WS Ion SW., and

T3NR7WS36 " NW. side.

305. Corners referring to one township only are to be marked with

the township, range, and section on the side toward the particular

township which is concerned; as for example:

T 23 N R 7 W S 36 on NW. side.

306. Standard section corners are to be marked "S C" and the town-

ship and range on the north side, and the sections on the east and

west sides; as for example:

S C T 25 N R 17 E on N.,

S 36 " E., and

S35 " W. side.

307. Closing section corners are to be marked "C C" and the town-

ship and range on the side from which the closing line approaches

the monument, and the sections on the adjoining sides; also the

initials or abbreviation of the State, reservation, grant or private

claim on the side toward any irregular tract which may be closed

upon; as for example:

S 1 onE.,

C C T 24 N R 17 E " S., and

S 2 " W. side.

308. Corners common to jour sections are to be marked (a) on an

exterior, with the township (or townships), ranges (or range) and

sections; and (6) a subdivisional corner, with the township, range

and section; all appropriately set forth as follows:

(a) T 25 N S 7 on NE.,

R 18 E S 18 " SE.,

R 17 E S 13 " SW., and

S 12 " NW. side,

(a) T 26 N S 36 on NE.,

R 17 E S 1 " SE.,

T 25 N S 2 " SW., and

S35 " NW. side.

303
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range and section on the southeast and northwest sides; as for ex
ample: 

T 23 N S 31 on NE., 
R 18 E S 6 " SE., 
T 22 N S 1 " S lV., and 
R 17 E 836 " NW. side. 

304. Corners common to two to'IL"11,8hips only are to be marked with 
the township, range and section on the sides toward the particular 
townships; as for example: 

T 2 N R 7 W 8 1 on 8'V., and 
T 3 N R 7 W 8 36 " NW. side. 

305. Corners rejerring to one township only are to be marked with 
the township, range, and section on the side toward the particular 
township which is concerned; as for example: 

T 23 N R 7 W S 36 on NW. side. 

306. Standard section corners are to be marked "8 C" and the town
ship and range on the north side, and the sections on the east and 
west sides; as for example: 

8CT25NR 17EonN., 
836 " E., and 
835 " W. side. 

307. Glosing section corners are to be marked "C C" and the town
ship and range on the side from which the closing line approaches 
the monument, and the sections on the adjoining sides; also the 
initials or abbreviation of the 8tate, reservation, grant or private 
claim on the side toward any irregular tract which may be closed 
upon; as for example: 

8 1 on E., 
CCT24NRI7E" 8., and 

8 2 "W. side. 
308. Corners common to jour sections are to be marked (a) on an 

exterior, with the township (or townships), ranges (or range) and 
sections; and (b) a subdivisional corner, with the township, range 
and section; all appropriately set forth as follows: 
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(a.) T 25 N 8 7 on NE., 
R 18 E 8 18 " 8E., 
R 17 E 8 13 " S 'V., and 

8 12 " N'V. side. 
(a) T 26 N 8 36 on NE., 

R 17 E 8 1 " 8E., 
T 25 N 8 2 " 8W., and 

8 35 " NW. side. 
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(b) T 25 N S 24 on NE.,

K 17 E S 25 " SB.,

S 26 " SW., and

S 23 " NW. side.

309. Section corners common to two sections only are to be marked

with the township and section, and the range and section, on the sides

toward the particular sections to which the corner belongs; as for

example:

T 14 SS 11 on NE., and

K 20 W S 10 " NW. side.

310. Section corners referring to one section only are to be marked

with the township, range and section on the side toward the par-

ticular section which is concerned; as for example:

T 27 N R 16 W S 17 on NW. side.

311. Standard quarter-section corners are to be marked "S C %" and

the section, all on the north side; as for example:

S C K S 36 on N. side.

312. Quarter-section corners of maximum control are to be marked

(a) on a meridional line, "%" and the section on the west side, and

the section on the east side; and (b) on a latitudinal line, "%" and

the section on the north side, and the section on the south side; as

for example:

S 18 on E., and

% S 13 " W. side.

% S 21 on N., and

S 28 " S. side.

313. Quarter-section corners of minimum control are to be marked

"%" and the section, all on the side toward the particular section which

is concerned; as for example:

}i S 7 on E. side (for quarter-section corner on the west boundary

of section 7).

314. Meander corners are to be marked "M C" on the side toward

the meanderable body of water, and the additional marks (a) on a

standard parallel or other line controlling surveys to one side only,

with the township, range and section on the side toward the surveyed

land; (6) on an exterior, with the township (or range) common to the

adjoining townships on the side opposite the meanderable body of

water, and the ranges (or townships) and the sections on the adjoining

sides; and, (c) on a subdivisional line, with the township and range

814
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(b) T 25 N S 24 on NE., 
R17ES25 H SE., 

S 26 " SW., and 
S 23 H NW. side. 
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of section 7). 

314. Meander comer8 are to be marked "M e" on the side toward 
the meander8.ble body of water, and the additional marks (a) on 8. 
standard parallel or other line controlling surveys to one side only, 
with the township, range and section on the side toward the surveyed 
land; (b) on an exterior, with the township (or range) common to the 
adjoining townships on the side opposite the mea.nderable body of 
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on the side opposite the meanderable body of water, and the sections

on the adjoining sides; as for example:

(a) M C on E., and

T 25 N R 17 E S 33 " N"W. side (for meander comer on a

standard parallel, on the

west side of a meander-

able body of water).

(b) T 24 N on N.f

R 18 E S 18 " E.,

M C " S., and

R 17 E S 13 " W. side (for meander comer on a range line,

on the north side of a meanderable

body of water).

(b) T 23 N S 35 on N.,

MC" E.,

T 22 N S 2 " S., and

R 17 W " W. side (for meander corner on a township

line, on the west side of a meander-

able body of water).

(c) S 23 on N.,

T 25 N R 17 E " E.,

S 26 " S., and

M C " W. side (for meander corner on a latitudinal

section lino, on the east side of a

meanderable body of water),

(c) M C on N.,

S 9 " E.,

T 4 N R 7 W " S., and

S 8 " W. side (for meander corner on a meridional

section line, on the south side of

a meanderable body of water).

315. Special and auxiliary meander corners are to be marked

"S M C" or "A M C", as the case may be, on the side toward the

meanderable body of water, and the section on the opposite side; as

for example:

S M C on E., and

S 14 " W. side (for special meander corner on a latitudinal

subdivision-of-section line in section 14,

on the west side of a meanderable body

of water).

A M C on N., and

S 9 " S. side (for auxiliary meander corner in section 9,

on the south side of a meanderable body

of water).
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on the side opposite the meanderable body of water, and the sections 
on the adjoining sides; as for example: 

(a) M C on E., and 
T 25 N R 17 E S 33" NW. side (for meander corner on a 

standard parallel, on the 
west side of a meander
able body of water). 

(b) T 24 N on N., 
R 18 E S 18 " E., 

~1 C " S., and 
R 17 E S 13 " ,Yo side (for meander corner on a range line, 

on the north side of a meanderable 
body of water), 

(b) T 23 N S 35 on N" 
Me" E., 

T 22 N S 2 " S., and 
R 17 W" W. side (for meander comer on a township 

line, on the west side of a meander
able body of water), 

(e) S 23 on N., 
T 25 N R 17 E" E., 

S 26" S., and 
11 C" W. side (for meander corner on a latitudinal 

section line, on the east side of a 
meanderable body of water), 

(e) 1-1 C on N., 
S 9 "E., 

T 4 N R 7 W "S., and 
S 8 "W. side (for meander corner on a meridional 

section line, OIl the south side of 
a meanderable body of water). 

315. Special and auxiliary meander corner8 are to be marked 
uS Me" or "A Me", as the case may be, on the side toward the 
meanderable body of water, and the section on the opposite side; 88 

for example: 
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S M C on E., and 
S 14 "W. side (for special meander corner on a latitudinal 

A M C on N., and 

subdivision-of-section line in section 14, 
on the west side of a meanderable body 
of water). 

S 9 U S. side (for auxiliary meander comer in section 9, 
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CORNER ACCESSORIES

316. The purpose of an accessory is to evidence the position of the

corner monument. A connection is made from the comer monument

to fixed natural or artificial objects in its immediate vicinity, whereby

the corner may be relocated from the accessory, thus in the event of

the destruction or removal of the monument, its position may be

identified as long as any part of the accessories remains in evidence.

The accessories consist of three general classes, one or more of which

are to be employed at each and every corner established in the public-

land surveys (excepting for corners of minor subdivisions and where

specifically not required by the Manual text, or omitted by the

special instructions), preference being given in the order of their

permanence conditional upon the character of the ground in the local-

ity of the monument, as follows:

(a) Bearing trees, or other natural objects such as notable cliffs

and boulders; permanent improvements; reference monuments; (b)

mound of stone; (c) pits and memorials.

317. The engineer cannot perform any more important service in

connection with his official duties than to employ whatever means may

be necessary permanently and accurately to evidence the location of

the corners established in his survey, and where the usual accessories,

or combinations of the same, cannot be employed, such other means

should be adopted as will best serve the purpose.

318. Formerly the accessories for witness corners were the same as

though the monument had been established at its true point, but the

marks upon the bearing trees or other objects were preceded by the

letters "W C", and the section number was made to agree with the

section in which the tree or object actually stood.

The new rule is as follows:

Witness Corner: Bearing objects, if available, treated as in sees.

319 and 323. Bearing trees, with direction and distance from the

monument, marked with an "X" (only), at breast height, on the side

facing the monument, and the letters ''B T" (only) at the base.

Mounds of stone treated as in sections 246, 326, and 327; arranged as

in sections 330 to 347, inch, as though the monument were located

at the true corner.

Reference Monument: All bearing objects and bearing trees, includ-

ing marks, with reference to the position of the regular corner, as that

location wdl be occupied as an instrument station.

Witness Point: No requirements are set up as to the accessories for a

witness point other than to mark a bearing tree or a bearing object,

if available, at important locations, or to record bearings to more

distant natural objects or improvements.

818
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316. The purpose of an accessory is to evidence the position of the 
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(a) Bearing trees, or other natural objects such as notable cliffs 
and boulders; permanent improvements; reference monuments; (b) 
mound of stone; (c) pits and memorials. 

317. The engineer cannot perform any more important service in 
connection with his official duties than to employ whatever means may 
be necessary permanently and accurately to evidence the location of 
the corners established in his survey, and where the usual accessories, 
or combinations of the same, cannot be employed, such other means 
should be adopted as will best serve the purpose. 

318. Formerly the accessories for witness corners were the same as 
though the monument had been established at its true point, but the 
marks upon the bearing trees or other objects were preceded by the 
letters "W C", and the section number was made to agree with the 
section in which the tree or object actually stood. 

The new rule is as follows: 
Witness Corner: Bearing objects, if available, treated as in sees. 

319 and 323. Bearing trees, with direction and distance from the 
monument, marked with an" X" (only), at breast height, on the side 
facing the monument, and the letters "B T" (only) at the base. 
Mounds of stone treated as in sections 246, 326, and 327; arranged as 
in sections 330 to 347, incl., as though the monument were located 
at the true corner. 

Reference Monument: All bearing objects and bearing trees, includ
ing marks, with reference to the position of the regular corner, as that 
location will be occupied as an instrument station. 

Witne8s Point: No requirements are set up as to the accessories for a 
witness point other tha.n to mark a bearing tree or a bearing object, 
if available, at important locations, or to record bearings to more 
distant natural objects or improvements. 
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BEARING TREES AND BEARING OBJECTS

319. Bearing trees are to be selected for marking when available,

ordinarily within a distance of 3 chains of the corner; a greater distance

if important. One tree will be marked in each section in accordance

with the plan as hereinafter set out, unless a tree in one or more

positions may not be available. A full description of each bearing tree

will be embodied in the field notes; this will include the species of each

tree, its diameter at breast height, the exact direction from the monu-

ment, the horizontal distance counting to the center of the tree at its

root crown; and, the exact marks scribed for the identification of the

corner. Sections 320, 321, 322.

Almost any nearby natural object that can be readily identified

should be recorded by description, course, and distance; such objects

may not be of a character that can be marked, excepting in the case of

a rock cliff or boulder. These will be supplemental to the marking of

bearing trees, or to fill out a quota where trees may not be available in

some sections. The description of the cliff or boulder will be such as to

provide ready identification, including the marking of a cross (X)

plainly and deeply chiseled at the exact point to which the direction

and distance are recorded. Section 323.

Another desirable accessory, especially where the usual types are

not available, nor suitable on account of the site conditions, such-as at

a corner that falls in cultivated land, is to record accurate bearings

to two or more prominent landmarks. Section 324.

320. The marks upon a bearing tree will be made upon the side

facing the monument, and will be scribed in the manner already out-

fined for marking tree corner monuments. The marks will embrace

the information suggested in the schedule hereinafter given, with such

letters and figures as may be appropriate for a particular corner, and

will include the letters "B T"; a tree will always be marked to agree

with the section in which it stands, and will be marked in a vertical

line reading downward, ending in the letters "B T" at the lower end

of the blaze approximately 6 inches above the root crown.

321. There is a great difference in the longevity of trees, and in their

rate of decay; trees should therefore be selected, if possible, with a view

to the length of their probable life, their soundness, favorable site

conditions and size. Sound trees from 5 to 8 inches in diameter, of

the most hardy species, favorably located, are to be preferred for

319
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319. Bearing trees are to be selected for marking when available, 
ordinarily within a distance of 3 chains of the corner; a greater distance 
if important. One tree will be marked in each section in accordance 
with the plan as hereinafter set out, unless a tree in one or more 
positions may not be available. A full description of each bearing tree 
will be embodied in the field notes; this will include the species of each 
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corner. Sections 320, 321, 322. 
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not available, nor suitable on account of the site conditions, such~s at 
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320. The marks upon a bearing tree will be made upon the side 
facing the monument, and will be scribed in the manner already out
lined for marking tree corner monuments. The marks will embrace 
the information suggested in the schedule hereinafter given, with such 
letters and figures as may be appropriate for a particular corner, and 
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with the section in which it stands, and will be marked in a vertical 
line reading downward, ending in the letters "B T" at the lower end 
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321. There is a great difference in the longevity of trees, and in their 
rate of decay; trees should therefore be selected, if possible, with a view 
to the length of their probable life, their soundness, favorable site 
conditions and size. Sound trees from 5 to 8 inches in diameter, of 
the most hardy species, favorably located, are to be preferred for 

319 

ize b 
Original from 

UNIVERSITY OF INNESOTA 



M ark log II bearing trc'<l as 'III BCO:!SSOl"y 10 8 ""Ortler. 

edbyGoogle Original from 
UNIVERSITY OF MINNESOTA 



CORNER MONUMENTS 273

marking. Trees 5 inches in diameter will not be selected for marking

if larger trees are available, and it is generally better to avoid marking

fully matured trees, especially those showing signs of decay. Trees

4 inches in diameter, or less, if no better trees are available, will be

marked with the letters "B T" only at the base, and an "X" at breast

height, facing the monument. The species, size and exact position of

the bearing trees are of vital importance, as this data will generally

serve to identify a bearing tree without uncovering the marks, or even

to identify two or more stumps after all evidence of the marks has

disappeared.

322. Generally only one tree will be marked in each section at a

particular corner, but in certain instances, hereinafter described, two

trees are required in a section. In such cases'it is better to select trees

of different species; or of widely different size, direction or distance.

If the trees are of the same species, in order that confusion may be

avoided in the future identification of a remaining tree where the

companion tree has disappeared, one tree will be marked with an

"X"only.

323. A cross (X) and the letters "B O" will be chiseled into a bear-

ing object, if it is a rock cliff or boulder; the record should be such as

to enable another surveyor to determine just where the marks will be

found. The rock bearing object is the most permanent of all acces-

sories; it will be used wherever practicable, and within a distance of

5 chains.

324. A connection to any permanent artificial object or improve-

ment may be included in this general class of corner accessories. The

field notes should be explicit in describing such objects, and should

indicate the exact point to which a connection is made, as "southwest

corner of foundation of Smith's house," "center of Smith's well,"

"pipe of Smith's windmill," etc. No marks will be made upon

private property.

MEMORIALS

325. In every case where there is no tree or other bearing object, as

above described, and where a mound of stone or pits are impracticable,

a suitable memorial will be deposited alongside the monument. A

memorial may consist of any durable article which will serve to identify

the location in case the monument is destroyed. Such articles as

glassware, stoneware, a marked (X) stone, a charred stake, a quart
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of charcoal, or pieces of metal will constitute a suitable memorial. A

full description of such articles will be embodied in the field notes

wherever they are employed as a memorial. When replacing an old

monument with a new one, such as substituting an iron post for an

old marked stone, the old marker will be preserved as a memorial.

MOUND OF STONE

326. Where a native stone is available and the surface of the ground

is favorable, a mound of stone will always be employed as an accessory

to a corner monument, or to surround it, even though a full quota of

trees or other bearing objects can be utilized. A mound of stone

erected as a corner accessory will be built as stable as possible, will

consist of not fewer than five stones, and will be not less than 2 feet

base and 1% feet high. Where the ground is suitable, the stone mound

surrounding the iron post, or when used as an accessory, will be im-

proved by first digging a circular trench, 4 to 6 inches deep, for an

outer ring, then place the base of the larger stones in the trench. In

stony ground the size of the mound will be sufficiently increased to

make it conspicuous. The position of the accessory mound will be

as shown in the schedule hereinafter stated; the nearest point on its

base will be about 6 inches distant from the monument. The field

notes will show the size and position of the mound.

327. Where it is necessary to support a monument in a stone

mound, and if bearing trees or other objects are not available, a marked

(X) stone or other memorial will be deposited alongside the

monument.

A stone mound accessory, in addition to the mound surrounding a

monument, will be built in all cases where this will aid materially

in making the location conspicuous.

PITS

328. Where the full quota of trees or other bearing objects are

unavailable for marking, the position of the monument will, under

certain favorable conditions, be evidenced by pits. No pits should

be dug in a roadway, or where the ground is overflowed for any con-

siderable period, or upon steep slopes, or where the earth will wash,

or in a loose or fight soil, or where there is no native sod, or where

suitable stone for a mound is at hand.

A firm soil covered with a healthy native sod is most favorable

for a permanent pit. Under such conditions the pits will gradually

325
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of charcoal, or pieces of metal will constitute a suitable memorial. A 
full description of such articles will be em bodied in the field note~ 
wherever they are employed as a memorial. When replacing an old 
monument with a new one, such as substituting an iron post for an 
old marked stone, the old marker will be preserved as a memorial. 

MOUND OF STONE 
326. Where a native stone is available and the surface of the ground 

is favorable, a mound of stone will always be employed as an accessory 
to a corner monument, or to surround it, even though a full quota of 
trees or other bearing objects can be utilized. A mound of stone 
erected as a corner accessory will be built as stable as possible, will 
consist of not fewer than five stones, and will be not less than 2 feet 
base and 1 ~~ feet high. Where the ground is suitable, the stone mound 
surrounding the iron post, or when used as an accessory, will be im
proved by first digging a circular trench, 4 to 6 inches deep, for an 
outer ring, then place the base of the larger stones in the trench. In 
stony ground the size of the mound will be sufficiently increased to 
make it conspicuous. The position of the accessory mound will be 
as shown in the schedule hereinafter stated; the nearest point on its 
base will be about 6 inches distant from the monument. The field 
notes will show the size and position of the mound. 

327. Where it is necessary to support a monument in a stone 
mound, and if bearing trees or other objects are not available, a marked 
(X) stone or other memorial will be deposited alongside the 
monument. 

A stone mound accessory, in addition to the mound surrounding a 
monument, will be built in all cases where this will aid materially 
in making the location conspicuous. 

PITS 
328. 'Vhere the full quota of trees or other bearing objects are 

unavailable for marking, the position of the monument will, under 
certain favorable conditions, be evidenced by pits. No pits should 
be dug in a roadway, or where the ground is overflowed for any con
siderable period, or upon steep slopes, or where the earth will wash, 
or in a loose or light soil, or where there is no native sod, or where 
suitable stone for a mound is at hand. 

A firm soil covered with a healthy native sod is most favorable 
for a permanent pit. Under such conditions the pits will gradually 
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fill with a material slightly different from the original soil, and a new

species of vegetation will generally take the place of the native

grass; these characteristics, under favorable conditions, make it

possible to identify the original location of the pits after the lapse

of many years.

329. All pits will be dug 18 inches square and 12 inches deep,

with the nearest side 3 feet distant from the corner monument,

oriented with a square side (and not a corner) towards the monu-

ment, arranged as shown in the schedule hereinafter given; the

earth removed will be scattered in such a way that it will not again

fill the pits. A description of the pits will be embodied in the field

notes, and will include, in every instance, a statement of their size

and position; this is particularly important in view of the fact that

the practice herein outlined differs materially (in the interest of

simplicity) from that set forth in earlier editions of the Manual.

ARRANGEMENT AND MARKING OF CORNER

ACCESSORIES

330. Standard tovmship corner/

Standard section corners.

Two bearing trees, one in each section north of the standard

parallel, each marked "S C" and the township, range and section; as

T 25 N R 18 E S 31 S C B T.

Mound of stone, north of corner.

Three pits, one each on line north, east and west.

331. Closing township corners.

Closing section corners.

Two bearing trees, one in each section to the right and left of the

closing fine, each marked "C C" and the township, range and section;

as

T24NR18ES6CCBT.

Mound of stone, on the closing line.

Three pits, one on the closing line and one each to the right and

left on the line closed upon.

332. Corners common to four townships.

Four bearing trees, one in each section, each marked with the

township, range and section; as

T 22 N R 17 E S 1 B T.

332
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fill with a material slight.ly different from the original soil, and a new 
species of vegetation will generally take the place of the native 
'grass; these characteristics, under favorable conditions, make it 
possible to identify the original location of the pits after the lapse 
of many years. 

329. All pits will be dug 18 inches square and 12 inches deep, 
with the nearest side 3 feet distant from the corner monument, 
oriented with a square side (and not a corner) towards the monu
ment, arranged as shown in the schedule hereinafter given; the 
earth removed will be scattered in such a way that it will not again 
fill the pits. A description of the pits will be embodied in the field 
notes, and will include, in every instance, a statement of their size 
and position; this is particularly important in view of the fact that 
the practice herein outlined differs materially (in the interest of 
simplicity) from that set forth in earlier editions of the Manual. 

ARRANGEMENT AND MARKING OF CORNER 
ACCESSORIES 

330. Standard to'W'Tlt8hip cornerr 
Standard section corners. 

Two bearing trees, one in each section north of the standard 
parallel, each marked "8 C" and the township, range and section; as 

T 25 N R 18 E S 31 S C B T. 

Mound of stone, north of corner. 
Three pits, one each on line north, east and west. 
331. Glosing township corners. 

Glosing section corners. 
Two bearing trees, one in each section to the right and left of the 

closing line, each marked "c e" and the township, range and section; 
as 

T 24 N R 18 E 8 6 C C B T. 

Mound of stone, on the closing line. 
Three pits, one on the closing line and one each to the right and 

left on the line closed upon. 
332. Gorners common to four township8. 
Four bearing trees, one in each section, each marked with the 

township, range and section; as 

T 22 N R 17 E SIB T. 

332 
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Mound of stone, south of corner.

Four pits, one each on line north, east, south and west.

333. Corners common to two townships only.

Two bearing trees, one in each section cornering at the monument,

each marked with the township, range and section; as

T2NR7WS1BT.

Mound of stone, on the line between the two townships cornering

at the monument.

Three pits, one each on the three lines connecting at the monument.

334. Corners referring to one township only.

Two bearing trees, both in the township cornering at the monu-

ment, each marked with the township, range and section; as

T 23 N R 19 W S 36 B T.

Mound of stone, in the township cornering at the monument, at

45Â° from cardinal direction at the monument.

Two pits, one each on the two lines connecting at the monument.

335. Corners common to four sections.

Four bearing trees, one in each section, each marked with the

township, range and section; as

T 26 N R 17 E S 35 B T.

Mound of stone, west of corner.

Four pits, one in each section northeast, southeast, southwest and

northwest.

336. Section corners common to two sections only.

Two bearing trees, one in each section cornering at the monument,

each marked with the township, range and section; as

T 14 S R 17 E S 12 B T.

Mound of stone, on the line between the two sections cornering at

the monument.

Two pits, one in each section at 45Â° from cardinal direction at the

monument.

337. Section corners referring to one section only.

Two bearing trees, both in the section cornering at the monument,

each marked with the township, range and section; as

T 27 N R 16 W S 17 B T.

Mound of stone, in the section cornering at the monument, at 45Â°

from cardinal direction at the monument.

Two pits, one 3 feet and one 6 feet distant, both in the section cor-

nering at the monument, at 45Â° from cardinal direction at the monu-

ment.

332
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Mound of stone, south of corner. 
Four pits, one each on line north, east, south and west. 
333. Gomer, common to two townships only. 
Two bearing trees, one in each section cornering at the monument, 

each marked with the township, range and section; as 

T 2 N R 7 W SIB T. 

Mound of stone, on the line between the two townships cornering 
at the monument. 

Three pits, one each on the three lines connecting at the monument. 
334. Corner8 rejerring to one township only. 
Two bearing trees, both in the township cornering at the monu

ment, each marked with the township, range and section; as 

T 23 N R 19 W S 36 B T. 

Mound of stone, in the township cornering at the monument, at 
45 0 from cardinal direction at the monument. 

Two pits, one each on the two lines connecting at the monument. 
335. Corners common to jour sections. 
Four bearing trees, one in each section, each marked with the 

township, range and section; as 
T 26 N R 17 E S 35 B T. 

Mound of stone, west of corner. 
Four pits, one in each section northeast, southeast, southwest and 

northwest. 
336. Section corner8 common to two sections only. 
Two bearing trees, one in each section cornering at the monument, 

each marked with the township, range and section; as 
T 14 S R 17 E S 12 B T. 

Mound of stone, on the line between the two sections cornering at 
the monument. 

Two pits, one in each section at 45° from c.ardinal direction at the 
monument. 

337. Section corners rejerring to one 8ection only. 
Two bearing trees, both in the section cornering at the monument, 

each marked with the township, range and section; as 
T 27 N R 16 W S 17 B T. 

Mound of stone, in the section cornering at the monument, at 45 ° 
from cardinal direction at the monument. 

Two pits, one 3 feet and one 6 feet distant, both in the section cor
nering at the monument, at 45° from cardinal direction at the monu
ment. 
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338. Standard quarter-section corners.

Two bearing trees, both north of the standard parallel, each marked

"%" and "S C" and the section; as

% S 36 S C B T.

Mound of stone, north of corner.

Two pits, one each on line east and west.

339. Quarter-section corners of maximum control.

Two bearing trees, one in each section, each marked '%" and the

section; as

% S 16 B T.

Mound of stone: (a) On a meridional line, west of corner; and,

(6) on a latitudinal line, north of corner.

Two pits, one in each direction on the line passing through the

monument.

340. Quarter-section corners of minimum control.

Two bearing trees, both in the particular section which is con-

cerned, each marked "#" and the section; as

% S 7 B T.

Mound of stone, in the particular section which is concerned, in a

cardinal direction from the monument.

Two pits, one in each direction on the line passing through the

monument.

341. Meander corners.

Two bearing trees: (a) On a standard parallel or other line con-

trolling surveys to one side only, both in the particular section which

is concerned; and (6) on all other lines, one in each section to the right

and left of the line; all marked "M C" and with the township, range

and section; as

T 25 N R 14 E S 32 M C B T.

Mound of stone, on the surveyed line on the opposite side of the

monument from the meanderable body of water.

Two pits, one 3 feet and one 6 feet distant, on the surveyed line

on the opposite side of the monument from the meanderable body

of water.

342. The interior quarter-section and all sixteenth-section corners,

when required by the written special instructions.

Two bearing trees, marked (with letters and figures ending in

"B T") as shown in the following diagram:

Mound of stone, in a cardinal direction from the monument, as

shown (with symbol " &,") in the following diagram:

342
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338. Standard lj'Uarter-section corners. 
Two bearing trees, both north of the standard parallel, each marked 

"W' and "8 e" and the section; as 
~ 8 36 8 e B T. 

Mound of stone, north of corner. 
Two pits, one each on line east and west. 
339. Quarter-section corners of maximum comrol. 
Two bearing trees, one in each section, each marked "~" and the 

section; as 
x 816 B T. 

Mound of stone: (a) On a meridional line, west of comer; and, 
(b) on a latitudinal line, north of corner. 

Two pits, one in each direction on the line passing through the 
monument. 

340. Quarter-section corners of minimum comrol. 
Two bearing trees, both in the particular section which 18 con

cerned, each marked "W' and the section; as 
X S 7 B T. 

Mound of stone, in the particular section which is concerned, in a 
cardinal direction from the monument. 

Two pits, one in each direction on the line passing through the 
monument. 

341. Meander corners. 
Two bearing trees: (a) On a. standard parallel or other line con

trolling surveys to one side only, both in the particular section which 
is concerned; and (b) on all other lines, one in each section to the right 
and left of the line; all marked "M e" and with the township, range 
and section; as . 

T 25 N R 14 E S 32 M e B T. 

Mound of stone, on the surveyed line on the opposite side of the 
monument from the meanderable body of water. 

Two pits, one 3 feet and one 6 feet distant, on the surveyed line 
on the opposite side of the monument from the meanderable body 
of water. 

342. The interior quarter-section and all sixteenth-section corners, 
when required by the written special instructions. 

Two bearing trees, marked (with letters and figures ending in 
"B T") as shown in the following diagram: 

Mound of stone, in a cardinal direction from the monument, as 
shown (with symbol" .&") in the following diagram: 
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Two pits, in a cardinal direction from the monument, as shown

(with symbol "Q") in the following diagram (Figure 98):
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343. Sixteenth-section corners of minimum control.

Two bearing trees, both in the particular section which is con-

cerned, each marked with a key letter (N, E, S or W) to indicate

the position of the monument, and "}u" and the section; as

r~

I W-

N i S 18 BT

Key

342
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Two pits, in a cardinal direction from the monument, 88 shown 
(with symbol" 0") in the following diagram (Figure 98): 
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FIGURE 98. 

343. Sixteenth-8ection comer8 oj minimum control. 
Two bearing trees, both in the particular section which is con

cerned, each marked with a key letter (N, E, S or W) to indicate 
t,he position of the monument, and" ha" and the section; as 

W E r I 
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N ii S 18 6T 
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Mound of stone, in the particular section which is concerned, in

a cardinal direction from the monument.

Two pits, one in each direction on the section line passing through

the monument.

344. Special and auxiliary meander corners.

Two bearing trees, each marked "S M C" or "A M C," as the case

may be, and the section; as

S 14 S M C B T, or

S 14 A M C B T.

Mound of stone, on the opposite side of the monument from the

meanderable body of water.

Two pits, one 3 feet and one 6 feet distant, on the opposite side of

the monument from the meanderable body of water.

345. Closing subdivision-oj-section corners.

Two bearing trees, both in the particular section which is con-

cerned, each marked "C C" and the section; as

S 9 C C B T.

Mound of stone, on the closing line.

Three pits, one on the closing line and one each to the right and

left on the line closed upon.

346. Miscellaneous angle points along irregular boundaries.

(a) Two bearing trees, where the monuments are less than 1 mile

apart, one on each side of the boundary; and (b) four bearing trees,

where the monuments are 1 mile or more apart, two on each side of

the boundary; each marked "A P" and a serial or section number,

or both, also the initials or abbreviation of the State, reservation,

grant, private claim or public land, as appropriate; as

A P 2 TR 37 B T, and

A P S 14 B T (for " angle point No. 2" on the boundary

of a private claim "Tract No. 37" fall-

ing on surveyed land).

Mound of stone, on the medial line between the boundary lines

intersecting at the monument, and in the direction toward the

reservation, grant or private claim.2

Two pits, one in each direction on the lines intersecting at the

monument.

' The placing of e stone mound on a State boundary la on the line, north from the monument If the field

notes of the surrey or retracement are written to read running north; to the east, If running east, etc. In the

boundary surveys, where stone is available, it is good practice to build a substantial stone and earth mound

surrounding and to the top of the monument; this will usually be conspicuous without an additional stone

mound.

346
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Mound of stone, in the particular section which is concerned, in 
a cardinal direction from the monument. . 

Two pits, one in each direction on the section line passing through 
the monument. 

344. Special and a'UX'iliary meander corner,. 
Two bearing trees, each marked "8 M Oil or" A M OJ" as the case 

. may be, and the section; as 

8 148M 0 B T, or 
S 14 A MOB T. 

Mound of stone, on the opposite side of the monument from the 
meanderable body of water. 

Two pits, one 3 feet and one 6 feet distant, on the opposite side of 
the monument from the meanderable body of water. 

345. Closing subdivision-of-section corners. 
Two bearing trees, both in the particular section which 18 con

cerned, each marked" 0 0" and the section; as 

8 9 0 0 B T. 

Mound of stone, on the closing line. 
Three pits, one on the closing line and one each to the right and' 

left on the line closed upon. 
346. Miscellane0'U8 angle points along irregular b01£ndarUs. 
(a) Two bearing trees, where the monuments are less than 1 mile 

apart, one on each side of the boundary; and (b) four bearing trees, 
where the monuments are 1 mile or more apart, two on each side of 
the boundary; each marked "A p" and a serial o'r section number, 
or both, also the initials or abbreviation of the State, reservation, 
grant, private claim or public land, as appropriate; as 

A P 2 TR 37 B T, and 
A. P S 14 B T (for" angle point No.2" on the boundary 

of a private claim "Tract No. 37" fall
ing on surveyed land). 

Mound of stone, on the medial line between the boundary lines 
intersecting at the monument, and in the direction toward the 
reservation, grant or private claim.lI 

Two pits, one in each direction OIl the lines intersecting at the 
monument. 

I The pladnC of a .tone mound on a State boundary II Oft tAl 11m, north from the monument U the field 
Dotes of the larvey or retracement are written to read running north; to the east, U numfn.g east, etc. In the 
bomldar7mrveYl, where stone II avallable, It II good practice to build a mbstanUalstone and earth mound 
amroundJq and to the top of ~ monument; thls will UIU8ll" be conaplcuoaa without an addWonall&ODe 

IIIGUD4. 
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347. Intermediate corners along irregular boundaries.

(a) Two bearing trees, where the monuments are less than 1 mile

apart, one on each side of the boundary; and (6) four bearing trees,

where the monuments are 1 mile or more apart, two on each side of

the boundary; each marked with the number of the mile or half-

mile corner and the letter "M" to (indicate "mile corner"), and

the initials or abbreviation of the State, reservation, grant, private

claim or public land, as appropriate; as

47 M COLO BT, and

47 M OKLA BT (for "47th mile" corner on the boundary

line between the States of "Colorado"

and "Oklahoma").

Mound of stone, on a line at right angles to the boundary, and in

direction toward the reservation, grant, or private claim.2

Two pits, one in each direction on the boundary.

â�¢Footnote 2 on p. 271.
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347. Intermediate corners aWng irregular bou,ndarie8. 
(a) Two bearing trees, where the monuments are less than 1 mile 

apart, one on each side of the boundary; and (b) four bearing trees, 
where the monuments are 1 mile or more apart, two on each side of 
the boundary; each marked with the number of the mile or half
mile comer and the letter "M" to (indicate "mile corner"), and 
the initials or abbreviation of the State, reservation, grant, private 
claim or public land, as appropriate; as 

47 M COW BT, and 
47 M OKLA BT (for "47th mile" corner on the boundary 

line between the States of "Colorado" 
and "Oklahoma"). 

Mound of etone, on a line at right angles to the boundary, and in 
direction toward the reservation, grant, or private claim.2 

Two pits, one in each direction on the boundary . 

• J'ootnote 2 on p. 279. 
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IDENTIFICATION OF EXISTENT CORNERS

348. It is the purpose of this chapter of the Manual to outline the

guiding principles which are to be observed in the identification of

existent comers, and thereafter to set forth the particular rules which

are to be applied in the recovery of the position of lost comers orig-

inally established in the execution of the United States rectangular

surveys.

All surveyors, whether employed by the United States or not, are

cautioned to note the difference between the regulations pertaining

to the establishment of the original surveys of the public lands and

those relating to the subsequent identification of said official surveys

and the replacement of missing monuments thereof.

In the extension of the rectangular surveys it devolves upon the

cadastral engineers of the Bureau of Land Management to identify

the initial lines of his group and to replace all lost corners thereof.

On the other hand in the subdivision of sections and in the location of

property lines generally, it falls to the county or other local surveyor

to identify the official corners, and where a required corner is missing

the local surveyor will be called upon to recover the point. Thus it

will be seen that local surveyors as well as cadastral engineers of the

Bureau of Land Management are constantly called upon to search for

existing evidence of original monuments, and in this work the sur-

veyors will be guided by the same general methods. Should the

search for a monument result in failure, the appropriate restorative

surveying process to be observed by either surveyor will be based

upon the same rules as hereinafter outlined. The text that follows

draws no distinction between the duties of the two classes of surveyors.

349. The terms "corner" and "monument" are used largely in the

same sense, though a distinction should be noted to clarify the sub-

ject matter of this chapter. The term "corner" is employed to denote

a point determined by the surveying process, whereas the "monu-

ment" is the physical structure erected for the purpose of marking

the corner point upon the earth's surface.

The "corners" of the public land surveys are those that determine

the boundaries of the various subdivisions which are represented on

the official plat, i. e.â��the township corner, the section corner, the

quarter-section corner, the meander corner. The "mile corner" of a

State, reservation, or grant boundary, does not mark a point of a sub-

division; it is a station along the line; long usage has given acceptance

to the term. A monumented "angle point" of a boundary marks a

turning point, and in that sense it is a corner of the survey.

The "monuments" of the public land surveys range from the

deposit of some durable memorial, a marked wooden stake or post, a

343
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IDENTIFICATION OF EXISTENT CORNERS 

348. It is the purpose of this chapter of the Manual to outline the 
guiding principles which are to be observed in the identification of 
existent corners, and thereafter to set forth the particular rules which 
are to be applied in the recovery of the position of lost corners orig
inally established in the execution of the United States rectangular 
surveys. 

All surveyors, whether employed by the United States or not, are 
cautioned to note the difference between the regulations pertaining 
to the establishment of the original surveys of the public lands and 
those relating to the subsequent identification of said official surveys 
and the replacement of missing monuments thereof. 

In the extension of the rectangular surveys it devolves upon the 
cadastral engineers of the Bureau of Land Management to identify 
the initial lines of his group and to replace all lost corners thereof. 
On the other hand in the subdivision of sections and in the location of 
property lines generally, it falls to the county or other local surveyor 
to identify the official corners, and where a required corner is missing 
the local surveyor will be called upon to recover the point. Thus it 
will be seen that local surveyors as well as cadastral engineers of the 
Bureau of Land Management are constantly called upon to search for 
existing evidence of original monuments, and in this work the sur
veyors will be guided by the same general methods. Should the 
search for a monument result in failure, the appropriate restorative 
surveying process to be observed by either surveyor will be based 
upon the same rules as hereinafter outlined. The text that follows 
draws no distinction between the duties of the two classes of surveyors. 

349. The terms "corner" and "monument" are used largely in the 
same sense, though a distinction should be noted to clarify the sub
ject matter of this chapter. The term "corner" is employed to denote 
a point determined by the surveying process, whereas the "monu
ment" is the physical structure erected for the purpose of marking 
the corner point upon the earth's surface. 

The "corners" of the public land surveys are those that determine 
the boundaries of the various subdivisions which are represented on 
the official plat, i. e.-the township corner, the section corner, the 
quarter-section corner, the meander corner. The "mile comer" of a 
State, reservation, or grant boundary, does not mark a point of a sub
division; it is a station along the line; long usage has given acceptance 
to the term. A monumented "angle point" of a boundary marks a 
turning point, and in that sense it is a corner of the survey. 

The "monuments" of the public land surveys range from the 
deposit of some durable memorial, a marked wooden stake or post, a 
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marked stone, an iron post having an inscribed cap, a marked tablet

set in solid rock or in a concrete block, a marked tree, a rock in place

marked with a cross (X) at the exact point of the corner, and other

special types of markers, some of which are more substantial; any of

these are termed "monuments". The several classes of accessories,

such as bearing trees, bearing objects, mounds of stone, and pits dug

in the sod or soil, are aids in the finding and identification, and afford

evidence for the perpetuation of the corner position.

The restoration of a lost or obliterated corner has to do with the

replacing of a monument that has disappeared so far as this relates to

physical evidence, or other means of identification short of a remeasure-

ment of the lines that were surveyed in the establishment of this and

the nearest existent corners of that survey in the two or four direc-

tions. If there should be acceptable collateral evidence by which the

original position may be accurately located, the monument may be

regarded as obliterated, but not lost; the point is then referred to as

an "obliterated corner".

The replacement of a lost or obliterated corner is not a resurvey in

itself, as the latter term implies a much wider application of the

methods, at least one or more whole sections, but usually involving a

whole township in the Bureau of Land Management practice. Section

387. In either case, however, the question is not where a new or exact

running of the lines would locate the corner, but where or in what

particular position was the corner established in the beginning, in the

approved official survey. The evidence, to be acceptable, or to be

given value, must be such as to have a bearing upon the latter fact.

350. The rules for the restoration of lost corners are not to be

applied until after the development of all evidence, both original and

collateral, that may be found acceptable, though the methods of

proportionate measurement will aid materially in the recovery of the

evidence, and will indicate what the resulting locations may be as

based upon the known control.

An existent corner is one whose position can be identified by verifying

the evidence of the monument, or its accessories, by reference to the descrip-

tion that is contained in the field notes, or where the point can be located

by an acceptable supplemental survey record, some physical evidence, or

testimony.

Even though its physical evidence may have entirely disappeared, a

corner will not be regarded as lost if its position can be recovered through

the testimony of one or more witnesses who have a dependable knowledge

of the original location.

351. The process of again bringing to light the physical evidence of

an original monument is founded on the principle of intelligent search

for the calls of the field notes of the original survey, guided by the
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controlling influence of known points. The problems incident to the

search are vastly simplified whenever a retracement may be projected

from known points, and the final search for a monument should cover

the zone surrounding one, two, three or four temporary points as may

be determined by connections with known corners in one, two, three

or four directions, according to the number of points which will ulti-

mately control the relocation in case the comer in question should be

declared lost.

352. The character of the original monument is the most important

factor in regard to its lasting qualities, and the search should be

directed to an examination for such evidence as may reasonably be

expected to remain. The evidence is bound to range from that which

is least conclusive to that which is unquestionable, and the requisite

support of corroborative evidence is necessary in direct proportion to

the uncertainty of any feature regarding whose authenticity there

may be danger of dispute.

A stone, wooden post, tree corner, deposit corner, and the modern

iron post monument are all subject to more or less deteriorating

changes through various influences, depending upon the character of

the original monument, its local site conditions, and the lapse of time,

and all such factors should be taken into consideration when com-

paring the particular evidence in question with the description con-

tained in the original field notes.

353. If the evidence of the monument is not fully conclusive, the

engineer's attention will be directed at once to the record accessories;

this step is so generally necessary that it should be considered simul-

taneously with the search for the monument; in fact, in their broader

significance the accessories are a part of the monument.

The underlying principles relating to the identification of the corner

accessories, subject to the changes which may be expected in the

period intervening after the date of the original survey, have already

been fully outlined in chapter IV. It will suffice to state that the

evidence of the accessories should agree with the record contained in

the field notes of the original survey, subject only to such changes as

reasonably may be expected.

354. In case of material disagreement between the particular evi-

dence in question and the record calls, the process of elimination of

those features regarding which there may be doubt, after making

due allowance for natural changes, will serve a most useful purpose,

as follows:

(a) The character and dimensions of the monument in evidence

should not be widely different from the record;

(6) The markings in evidence shoold not be inconsistent with the

record; and,
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(c) The nature of the accessories in evidence, including size, position

and markings, should not be greatly at variance with the record.

A certain measure of allowance for ordinary discrepancies should

enter into the consideration of the evidence of a monument and its

accessories, and no definite rule can be laid down as to what shall be

sufficient evidence in such cases. Much must be left to the skill,

fidelity, and good judgment of the engineer in the performance of

his work, ever bearing in mind the relation of one monument to

another, and the relation of all to the recorded natural objects and

items of topography.

No decision should be made in regard to the restoration of a corner

until every means has been exercised that might aid in identifying

its true original position. The retracements, which are usually

begun at known corners, and run in accord with the plan of the

original survey, will ascertain the probable position, and will show

what discrepancies are to be expected; any supplemental survey

record or testimony should then be considered in the light of the facts

thus developed. A line will not be regarded as doubtful if the retrace-

ment affords the recovery of acceptable evidence.

355. An obliterated corner is one at whose point there are no remaining

traces of the monument, or its accessories, but whose location has been

perpetuated, or the point for which may be recovered beyond reasonable

doubt, by the acts and testimony of the interested landowners, competent

surveyors, or other qualified local authorities, or witnesses, or by some

acceptable record evidence.

A position that depends upon the use of collateral evidence can be

accepted only as duly supported, generally through proper relation to

known corners, and agreement with the field notes regarding distances to

natural objects, stream crossings, line trees, and of-line tree blazes, etc.,

or unquestionable testimony.

A corner will not be considered as lost if its position can be recovered

satisfactorily by means of the testimony and acts of witnesses having

positive knowledge of the precise location of the original monument.

The expert testimony of surveyors who may have identified the

original monument prior to its destruction and thereupon recorded

new accessories or connections, etc., is by far the most reliable, though

landowners are often able to furnish valuable testimony. The greatest

care is necessary in order to establish the bona fide character of the

record intervening after the destruction of an original monument.

Full inquiry may often serve to bring to light various records relating

to the original corners, and memoranda of private markings, etc.,

and the engineer should make use of all such sources of information.

The matter of boundary disputes should be carefully looked into

insofar as adverse claimants may base their contentions upon evi-
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dence of the original survey, and if such disputes have resulted in

a boundary suit, the record testimony and the court's decision should

be carefully examined relative to any information which may shed

light upon the position of an original monument.

' The testimony of individuals may relate to knowledge of the original

monument or the accessories, prior to their destruction, or to any

other marks fixing the locus of the original survey, and the value

of such testimony may be weighted in proportion to its completeness

and agreement with the calls of the field notes of the original survey,

also upon the steps taken to preserve the location of the original

marks. All such evidence should be put to the severest possible

tests by confirmation relating to known original corners and other

calls of the original field notes, particularly to line trees, blazed

lines and items of topography.

It is impossible to outline a definite rule for the acceptance or

non-acceptance of the testimony of individuals. Corroborative evi-

dence becomes necessary in direct proportion to the uncertainty of

the particular statements advanced by the individual who testifies.

It will be well for the engineer to bear in mind that conflicting state-

ments and contrary views of interested parties are fruitful of boundary

disputes.

The points outlined below will be a guide to the engineer or surveyor

for what he is called upon to show in the field notes, or in the report

of a field examination, as the weight to be given to the testimony

which is to be passed upon as an element in the restoration of a lost

or obliterated corner. The witness, or the record evidence, should

be duly qualified, in the sense that the knowledge or information should

be first hand, not hearsay, nor incomplete, nor just a personal opinion

as to the original fact. Any testimony or record statement should

manifestly be such as can stand an appropriate test as to its bona

fide character. The testimony, or the record, must be sufficiently

accurate within a reasonable limit for what is required in normal

surveying practice

Any marks that were made either before or subsequent to the official

survey, or at the time of the survey by others than under the direction

of the chief of field party, are not to be regarded as evidence of that

survey excepting as an appropriate relation is shown by fully authenti-

cated field notes, or qualified testimony.

One additional caution, addressed especially to the cadastral engi-

neer employed by the Bureau of Land Management, is to bear in mind

that his professional work is technical in character, not legal or judicial,

i. e.â��the engineer or surveyor is not a referee as to the justice or

injustice of a situation, nor is he qualified to act judicially upon the

equities or inequities that may appear to be involved. Section 391.
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Where public lands are involved the final authority to approve or

to disapprove the procedure for the restoration of a lost or obliterated

corner rests with the Director, Bureau of Land Management. If

privately-owned lands are affected the Director will give careful

consideration to any dissatisfaction or protest made by an interested

person concerning the work of an engineer employed by the Bureau.

In this sense, however, it should be obvious that the Director cannot

assume jurisdiction over or responsibility for the acts or results of

surveys made by county, local, or private surveyors, or by surveyors

or engineers who may be employed by other branches of the Federal

Government. Sections 13, 390.

Where a corner marks the boundary between, or in any manner

controls the location of the subdivisional lines that form the boundary

of privately-owned property, dissatisfaction on the part of or dispute

between the owners may be brought before the local court of compe-

tent jurisdiction. The Director, Bureau of Land Management, unless

the United States may be a party in the suit or other proceeding, will not

be bound by the opinion of the court if public lands are involved, if it

should be shown subsequently that evidence of the official survey was

disregarded, or if there should be some other gross departure from the

basic principles of good surveying practice.

The above conditions and procedures and many more are brought

out much more appropriately in the leading court opinions where

boundary cases are involved, which are available in the law libraries.

There are several reference books ] on the legal elements of surveying

and boundaries, which cite many court opinions, and deal with these

difficult subjects.

The treatment by the authorities of the questions of testimony and

physical evidence, in all of the various phases, as to acceptability,

amply demonstrate the importance of the principles herein mentioned,

i. e.â��due qualification, bona fide character, accuracy.

356. In those cases where witness corners were established in the

original survey, the true point for the corner will be controlled by

such witness corner, when the latter can be identified, by reference

to the record in accordance with the general plan of the survey.

' A treatise on the Law of Surveying and Boundaries, by Frank Emerson Clark, of the Minnesota Bar.

2d edition, 1939; the Bobbs-Merrfll Co., publishers, Indianapolis, Ind. Broadly applicable to the subject,

dealing specifically with questions related directly to the United States rectangular system. Numerous

citation of cases.

The Legal Elements of Boundaries and Adjacent Properties, by Ray Hamilton Skelton, C. E., assistant

professor of civil engineering, University of Maryland. 1930; the Bobbs-Merrill Co., publishers, Indianapo

lis, Ind. Broadly applicable in dealing with the many legal questions that are involved In litigation over

boundary location, the cases principally in the Colonial States of the Atlantic seaboard. Numerous citations

on all of the many subjects.

Boundaries and Landmarks, a practical manual by A. C. Mulford, a civil engineer and land surveyor In

the area of Long Island, New York. 1912; copyright, D. Van Nostrand Co., New York City. Advisory as

to good practice, one surveyor to another.

356

• RESTORATION OF LOST CORNERS 287 

Where public lands are involved the final authority to approve or 
to disapprove the procedure for the restoration of a lost or obliterated 
corner rests with the Director, Bureau of Land Management. If 
privately-owned lands are affected the Director will give careful 
consideration to any dissatisfaction or protest made by an interested 
person concerning the work of an engineer employed by the Bureau. 
In this sense, however, it should be obvious that the Director cannot 
assume jurisdiction over or responsibility for the acts or results of 
surveys made by county, local, or private surveyors, or by surveyors 
or engineers who may be employed by other branches of the Federal 
Government. Sections 13, 390. 

Where a corner marks the boundary between, or in any manner 
controls the location of the subdivisionallines that form the boundary 
of privately-owned property, dissatisfaction on the part of or dispute 
between the owners may be brought before the local court of compe
tent jurisdiction. The Director, Bureau of Land Management, unless 
the United States may be a party in the suit or other proceeding, will not 
be bound by the opinion of the court if public lands are involved. if it 
should be shown subsequently that evidence of the official survey was 
disregarded, or if there should be some other gross departure from the 
basic principles of good surveying practice. 

The above conditions and procedures and many more are brought 
out much more appropriately in the leading court opinions where 
boundary cases are involved, which are available in the law libraries. 
There are several reference books 1 on the legal elements of surveying 
and boundaries, which cite many court opinions, and deal with these 
difficult subjects. 

The treatment by the authorities of the questions of testimony and 
physical evidence, in all of the various phases, as to acceptability, 
amply demonstrate the importan~ of the principles herein mentioned, 
i. e.-due qualification, bona fide character, accuracy. 

356. In those cases where witness corners were established in the 
original survey, the true point for the corner will be controlled by 
such witness corner, when the latter can be identified, by reference 
to the record in accordance with the general plan of the survey. 

I A treatise on the Law of Surveying and Boundaries, by Frank Emerson Clark, of the Minnesota Bar. 
2d edition, 1939; the Bobbs·MerrW Co., publishers, Indianapolis, Ind. Broadly applicable to the subject, 
dealing specifically with questions related directly to the United States rectangular system. Numerous 
citation of cases. 

The Legal Elements of Boundaries and Adjacent Properties, by Ray Hamilton Skelton, C. E., assistant 
professor of civil engineering, University of Maryland. 1930; the Bobbs-Merrill Co., publishers, Indianapo 
lis, Ind. Broadly applicable in dealing with the many legal questions that are involved in litigation over 
boundary location, the cases principally in the Colonial States of the Atlantic seaboard. Numerous citations 
on all of the many subjects. 

Boundaries and Landmarks, a practical manual by A. C. Mulford, a civil engineer and land surveyor in 
the area of Long Island, New York. 1912; copyright, D. Van Nostrand Co., New York City. Advisory as 
to good practice. one mrveyor to another. 

356 

Dig ize b 
Original from 

UNIVERSITY OF INNESOTA 



288 MANUAL OF SURVEYING INSTRUCTIONS

The usual diligent search will be made for witness corners, but where

the same can not be identified the position of the true point for the

corner will usually be of major importance, rather than the point

for the witness corner, and in such instances the engineer will pro-

ceed directly to the re-determination of the true corner position,

adopting the particular methods which should govern the case in

hand.

By their very nature witness corners have frequently been the cause

of confusion, some of which may not be avoidable; in some cases a

better practice may have avoided the resulting trouble. The con-

fusion may usually be avoided by reference to the field notes of the

survey. If the factual statements in the field notes are clear as to

interpretation, it is merely then a question of direction and length of

line from the monumented point to the true point for a corner. It is

not quite so simple if there should be extensive obliteration, or if there

were too numerous substitutions of witness corners at points that might

have been monumented substantially through the exercise of greater

care, skill, or diligence at the time of the first marking of the lines.

The most unfortunate of the difficulties has come from "calling" for a

witness corner in the field notes, such as the setting of a monument on

a random line, or by some error of calculation for the correct distance

on the true line, and not marking the monument "W C" plainly or at

all.

Where an original witness corner has become lost and a new one is

necessary for the proper monumentation of the lines, the practice

called for in sections 249 to 254, inclusive, will be followed.

357. In the absence of an original monument, a line tree, or a defi-

nite connection to natural objects, or to improvements, which can

be identified, may each fix a point of the original survey for both

latitude and departure. The mean position of a blazed fine, when

identified as the original line, may sometimes help to fix a merid-

ional line for departure, or a latitudinal line for latitude. Other

calls of the original field notes in relation to various items of topogra-

phy may assist materially in the recovery of the locus of the original

survey. Such evidence may be developed in an infinite variety.

It may be only such as to disprove other questionable features,

or it may guide the engineer in a general way in arriving at the

immediate vicinity of a line or corner, or in its best phases may be

such as to fix the position of a line or corner beyond any doubt.

358. A certain measure of allowance should be made for ordinary

discrepancies in the calls relating to items of topography. Such

evidences should be considered more particularly in the aggregate,

and when they are found to be corroborative an average may be

secured to control the final adjustment, which will be governed
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largely by the evidences nearest the particular corner in question,

giving the greatest weight to those features which agree most harmo-

niously with the record, and to such items as afford definite connec-

tion. A careful analysis will generally reveal the merits of authentic

evidences as opposed to unreliable features bearing resemblance to

the calls of the field notes, and in this matter the engineer will find

an opportunity to exercise his skill to the fullest capacity.

359. It is a matter of utmost importance to determine where an

identified call of the original field notes shall operate to control for

both latitude and departure, or for either coordinate by itself, and

finally as to the necessity for applying the rules for proportionate

measurement where the distance between the identified points is

considerable.

RESTORATION OF LOST CORNERS

360. A lost corner is a point of a survey whose position can not be

determined, beyond reasonable doubt, either from traces of the original

marks or from acceptable evidence or testimony that bears upon the

original position, and whose location can be restored only by reference

to one or more interdependent corners.

If there is some acceptable evidence of the original location that

position will be employed in preference to the rule that would be

applied to a lost corner.

361. The engineer is not prepared to consider the restoration of

a lost corner until he has exhausted every other means of identifying

its original position, and at this stage of his work he should have

determined upon an approximate position of the original monument

based upon his findings resulting from retracements leading from

known corners to the lost corner, from one, two, three, or four direc-

tions in accordance with the plan of the original survey. The prin-

ciple of proportionate measurement, which most nearly harmonizes

surveying practice with the legal and equitable considerations in-

volved in controversies concerning lost land boundaries, enters

into the problem at this stage, and this plan of relocating a lost

corner will always be employed unless outweighed to the contrary

by physical evidence of the original survey. In cases where the

relocated corner can not be made to harmonize with all the calls

of the original field notes, due to unexplained discrepancy which

is made apparent by the retracement, the engineer is required to

determine which calls will be given major control, and those which

must be subordinated.

362. The preliminary retracements furnish the only possible

means of arriving at the discrepancies of the courses and distances
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of the original survey as compared with those derived in the process

of re-running the lines, and the whole problem of proportionate meas-

urement is one involving the adjustment of said discrepancies. The

restoration of the lost corners can not proceed until the retracement

of the original survey has been completed. The retracement will

be based upon the courses and distances returned in the field notes

of the original survey, or the equivalent by calculation, initiated

and closed upon known original corners. Temporary stakes for

future use in the relocation of all lost corners may be set when making

the retracements.

363. In cases where the probable position cannot be made to

harmonize with some of the calls of the field notes due to errors in

descri )tion or to discrepancies in measurement, made apparent by the

retracement, it must be ascertained which of the calls for distances

along the line are entitled to the greater weight. Aside from the

technique of recovering the traces of the marks, the main problem is

one that treats with the discrepancies in measurement.

Existing original corners can not be disturbed; consequently, dis-

crepancies between the new and those of the record measurements will not

in any manner affect the measurements beyond the identified corners, but

the differences will be distributed proportionately within the several inter-

vals along the line between the corners.

The retracements will show various degrees of accuracy in the

lengths of lines, where in every case it was intended to secure true

horizontal distances. Until after 1900 most of the lines were measured

with the Gunter's link chain, so that the surveyor must recall the

difficulties of keeping a chain at standard length, and the inaccuracies

of measuring steep slopes by this method.

All discrepancies in measurement should be carefully verified, if

possible, with the object of placing each difference where it properly

belongs. This is exceedingly important at times, because, if disregarded,

the effect will be to give weight to a position where it is obviously not

justified.

Accordingly, wherever it is possible to do so, the manifest errors in

measurement will be removed from the general average difference, and will

be placed where the blunder was made. The accumulated surplus or

deficiency that then remains is the quantity that is to be uniformly dis-

tributed by the methods of proportional measurement.

364. The ordinary field problem consists in distributing the excess

or deficiency between two existent corners in such a manner that the

amount given to each interval shall bear the same proportion to the

whole difference as the record length of the interval bears to the whole

record distance. After having applied the proportionate difference to
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the record length of each interval the sum of the several parts will

equal the new measurement of the whole distance.

A proportionate measurement is one that gives concordant relation

between all parts of the line, i. e.â��the new values given to the several parts,

as determined by the remeasurement, shall bear the same relation to the

record lengths as the new measurement of the whole line bears to that

record.

365. The term "single proportionate measurement" is applied to a new

measurement made on a line to determine one or more positions on that

line.

By single proportionate measurement the position of two identified

corners controls the direction of that line; the method is sometimes

referred to as a "two-way" proportion, such as a meridional or north

and south proportion, or a latitudinal or east and west proportion.

Examples, a quarter-section corner on the line between two section

corners; all corners on standard parallels; and all intermediate positions

on any township boundary line.

The term "double proportionate measurement" is applied to a new

measurement made between four known corners, two each on intersecting

meridional and latitudinal lines, for the purpose of relating the inter-

section to both.

In effect, by double proportionate measurement the record direc-

tions are disregarded, excepting only where there is some acceptable

supplemental survey record, some physical evidence, or testimony,

that may be brought into the control. The method may be referred

to as a "four-way" proportion. Examples, a corner common to four

townships, or one common to four sections within a township.

The double proportionate measurement is the best example of the

principle that existent or known corners to the north and to the south

should control any intermediate latitudinal position, and that corners

east and west should control the position in longitude. Lengths of

proportioned lines are comparable only when reduced to their cardinal

equivalents.

366. It will almost invariably happen that discrepancies will be

developed between the new measurements and the original measure-

ments recorded in the field notes. When these differences occur the

engineer will generally be required to adopt a proportionate measure-

ment based upon a process conforming to the method followed in the

original survey.

The principle of the precedence of one line over another of less

original importance is recognized, relative to single or double propor-

tionate measurement, in order to harmonize the restorative process

with the method followed in the original survey, thus limiting the

control.
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Standard parallels mil be given precedence over other township exteriors,

and ordinarily the latter will be given precedence over subdivisions! lines;

section corners will be relocated before the position oj lost quarter-section

corners can be determined.

PRIMARY METHODS

(a) Double Proportionate Measurement

367. The method of double proportionate measurement is generally

applicable to the restoration of lost corners of four townships and of lost

interior corners of four sections.

One identified original corner is balanced by the control of a corre-

sponding original corner upon the opposite side of a particular missing

corner which is to be restored, each identified original corner being

given a controlling weight inversely proportional to its distance from

the lost corner.

368. In order to restore a lost corner of four townships, a retracement

will first be made between the nearest known corners on the meridional line,

north and south of the missing corner, and upon that line a temporary

stake wiR be placed at the proper proportionate distance; this will deter-

mine the latitude of the lost corner.

Next, the nearest corners on the latitudinal line will be connected, and a

second point will be marked for the proportionate measurement east and

west; this point will determine the position of the lost corner in departure

(or longitude).

Then, through the first temporary stake run a line east or west, and

through the second temporary stake a line north or south, as relative

situations may determine; the intersection of these two lines will fix the

position for the restored corner.

In the accompanying small scale diagram, the points A, B, C, and

D represent four original corners; on the large scale diagram the

point E represents the proportional measurement between A and B;

and, similarly, F represents the proportional measurement between C

and D. The point X satisfies the first control for latitude and the

second control for departure.

369. A lost township corner cannot safely be restored, nor the

boundaries ascertained, without first considering the field notes of the

four intersecting lines; it is desirable also to examine the four township

plats. In most cases there is a fractional distance in the half-mile to

the east of the township corner, and frequently in the half-mile to the

south. The lines to the north and to the west are usually regular,

i. e.â��quarter-section and section corners at normal intervals of 40.00

and 80.00 chains, but there may be closing-section corners on any or
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all of the boundaries so that it is important to verify all of the distances

by reference to the field notes.
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Fig. 67.

The plan of double proportionate measurement.

The corner at point X it lost.

Points A, B, C, and D represent known comers.

First, locate point E for latitude by proportionate measurement north and south; then point F for departure

by proportionate measurement east and west.

The point A' will be located at the intersection of the linesâ��east or west through point /â� :, and north or south

through point F.

The plan of double proportionate measurement will be applied to the

restoration of lost corners of four townships where all the lines therefrom
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have been run. Lost interior corners oj four sections, where all the lines

therefrom have been run, will also be reestablished by double proportionate

measurement, after first relocating the required lost section corners on the

township exteriors.

370. A lost interior corner of four sections will be restored by double

proportionate measurement.

When a number of interior corners of four sections, and the inter-

mediate quarter-section corners, are missing on all sides of the one

sought to be reestablished, the entire distance must, of course, be

measured between the nearest identified corners both north and south,

and east and west, in accordance with the rule laid down, after first

relocating the required lost section corners on the township exteriors.

371. Where the line has not been established in one direction from the

missing township or section corner, the record distance will be used to the

nearest identified corner in the opposite direction.

Thus, in the same diagram, if the latitudinal line in the direction of

the point D has not been established, the position of the point F in

departure would have been determined by reference to the record dis-

tance from the point C; the point X would then be fixed by cardinal

offsets from the points E and F as already explained.

Where the intersecting lines have been established in only two of the

directions, the record distances to the nearest identified corners on these

two lines will control the position of the temporary points; then from the

latter the cardinal offsets will be made to fix the desired point of intersection.

The application of these two rules should always be made after a

test of the rule laid down in section 383, and be modified in accordance

with the latter principle if it is then obvious that a more harmonious

relation to the representations of the approved plat or plats would be

thus accomplished. This is to say that what is intended by "record

distance" or distances is the measure as it was determined and estab-

lished in the original survey. Experienced judgment is required as to

how these rules are to be applied. If the indications are that the

original survey had been carelessly executed, it means that little if any

definite standard of measurement (or direction of lines) can be set up

as representing that survey. On the other hand, the work may have

been reasonably uniform within its own limits, yet inaccurate with

respect to exact base standards. It is the "yardstick" of the original

work that is intended here, if that can be determined within practical

limits, otherwise the only rule that can be applied is, for instance, that

a record of 80.00 chains in distance means just that by exact standards,

true horizontal measurement.
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(b) Single Proportionate Measurement

372. The method of single proportionate measurement is generally

applicable to the restoration of lost corners on standard parallels and

other lines established with reference to definite alinement in one direction

only. Intermediate corners on township exteriors and other controlling

boundary lines are to be included in this class.

In order to restore a lost corner by single proportionate measure-

ment, a retracement will be made connecting the nearest identified

regular corners on the line in question; a temporary stake (or stakes)

will be set on the trial line at the original record distance (or distances);

the total distance will be measured, also the falling at the objective

corner.

On meridional township lines an adjustment will be made at each

temporary stake for the proportional distance along the line, and then

it will be set over to the east or to the west for falling, counting its

proportional part from the point of beginning.

On east-and-west township lines and on standard parallels the proper

adjustments should be made at each temporary stake for the propor-

tional distance along the line, for the falling, and to secure the latitu-

dinal curve,2 i. e.â��the temporary stake will be either advanced or set

back for the proportional part of the difference between the record

distance and the new measurement, then set over for the curvature

of the line, and last corrected for the proportional part of the true

falling.

The adjusted position is thus placed on the true line that connects

the nearest identified corners, and at the same proportional interval

from either as existed in the original survey. Any number of inter-

mediate lost corners may be located on the same plan, by setting a

temporary stake for each when making the retracement.

373. In many of the surveys the field notes and plats indicate two

sets of corners along township boundaries, and frequently along sec-

tion lines where parts of the township were subdivided at different

dates. In these cases there are usually corners of two sections at

regular intervals, and closing section corners that are placed upon the

same line, but which were established later at the points of inter-

section in accordance with a developed offset. The quarter-section

corners on such fines are usually controlling for one side only in the

older practice.

Â» Sees. 126 to 128, inclusive: the true latitudinal curve. Sees. 160 to 168, inclusive: the running of township

exteriors. The term latitudinal curve as here employed denotes an easterly and westerly line properly ad

Justed to the same mean bearing from each monument to the next one in regular order, as distinguished from

the long chord or great circle that would connect the initial and terminal points.
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(b) Single Proportionate Measurement 

372. The method oj single proportionate measurement i8 generally 
applicable to the restoration oj lost corners on standard parallels and 
other lines established with rejerence to definite alinement in one direction 
only. Intermediate corners on township exteriors and other controlling 
bouruJ,ary lines are to be included in this class. 

In order to restore a lost comer by single proportionate measure
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the total distance will be measured, also the falling at the objective 
corner. 
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tional distance along the line, for the falling, and to secure the latitu
dinal curve,2 i. e.-the temporary stake will be either advanced or set 
back for the proportional part of the dill erence between the record 
distance and the new measurement, then set over for the curvature 
of the line, and last corrected for the proportional part of the true 
falling. 

The adjusted position is thus placed on the true line that connects 
the nearest identified comers, and at the same proportional interval 
from either as existed in the original survey. Any number of inter
mediate lost corners may be located on the same plan, by setting a 
temporary stake for each when making the retracement. 

373. In many of the surveys the field notes and plats indicate two 
sets of corners along township boundaries, and frequently along sec
tion lines where parts of the township were subdivided at different 
dates. In these cases there are usually corners of two sections at 
regular intervals, and closing section corners that are placed upon the 
same line, but which were established later at the points of inter
section ip accordance with a developed offset. The quarter-section 
corners on such lines are usually controlling for one side only in the 
older practice. 

J Sees. 125 to 128, inclusive: the true latitudinal curve. Secs. 1110 to 158,lnclnsfve: the running of township 
erlerlors. The term latitudinal curve as here employed denotes an easterly and westerly line properly ad 
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the JODI chord or peat eIrcle that would connect the initial and terminal point&. 
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In the more recent surveys, where the record calls for two sets of

corners, those that are regarded as the corners of the two sections first

established, and the quarter-section corners relating to the same sec-

tions, will be employed for the retracement, and will govern both the

alinement and the proportional measurement along that line. The

closing section corners, set at the intersections, will be employed in thÂ®

usual way, i. e.â��to govern the direction of the closing lines.

374. The term "original standard corners" will be understood to

mean standard township, section, and quarter-section corners, mean-

der corners terminating the survey of a standard parallel, and closing

corners in those cases where they were originally established by

measurement along the standard line as points from which to start a

survey. No other meander or closing corners along a standard paral-

lel will control the restoration of lost standard corners. Where

standard sixteenth-section corners have been established in the running

of a standard parallel, the existent corners will be employed in the

regular manner as a control for the restoration of any lost corner or

corners on the same plan as in the use of other existent standard

corners.

Lost standard corners will be restored to their original positions on a

base line, standard parallel or correction line, by single proportionate

measurement on the true line connecting the nearest identified standard

corners on opposite sides of the missing corner or corners, as the case

may be.

Corners on base lines are to be regarded the same as those on stand-

ard parallels. In the older practice the term "correction line" was

used for what has later been called the standard parallel. The corners

first set in the running of a correction line will be treated as original

standard corners; those that were set afterwards at the intersection

of a meridional line will be regarded as closing corners.

375. All lost section and quarter-section corners on the township

boundary lines will be restored by single proportionate measurement

between the nearest identified corners on opposite sides oj the missing

corner, north and south on a meridional line, or east and west on a lati-

tudinal line, after the township corners have been identified or relocated.

An exception to this rule will be noted in the case of any exterior the

record of which shows deflections in alinement between the township

corners.

Some township boundaries were not established as straight lines,

termed an "irregular" exterior; e. g., where parts were surveyed from

opposite directions and the intermediate portion was completed later

by random and true line, leaving a fractional distance; such irregu-

larity follows some material departure from the basic rules for the

establishment of original surveys.

T00OOVâ��i7 20
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corners, those that are regarded as the corners of the two sections first 
established, and the quarter-section corners relating to the same sec
tions, will be employed for the retracement, and will govern both the 
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In order to restore one or more lost corners or angle points on such

irregular exteriors, a retracement between the nearest known corners

will be made on the record courses and distances, to ascertain the

direction and length of the closing distance; a temporary stake will

be set for each missing corner or angle point; the closing distance will

reduced to its equivalent latitude and departure.

On a meridional line the latitude of the closing distance will be dis-

tributed along the measurement of each course in proportion to its

own difference in latitude, and then each temporary stake will be set

over to the east or to the west for the departure of the closing distance

in proportion to the total distance from the starting point.

Angle points and intermediate corners will be treated alike.

On a latitudinal line the temporary stakes should be placed to suit

the usual adjustments for the curvature. The departure of the closing

distance will be distributed along the measurement of each course in

proportion to its own difference in departure, and then each temporary

stake will be set over to the north or to the south for the latitude of

the closing distance in proportion to the total distance from the

starting point.

A second exception to the above rule is occasionally important,

to be found in those cases where there may be persuasive proof of a

deflection in the alinement of the exterior, though the record shows the

line to be straight. For example, measurements east and west across

a range line, or north and south across a latitudinal township line,

counting from a straight-line exterior adjustment, may show dis-

tances to the nearest identified subdivisional corners to be materially

long in one direction and correspondingly short in the opposite direc-

tion. This condition, when supported by corroborative collateral

evidence as might generally be expected, would warrant an exception

to the straight-line or two-way adjustment under the rules for the

acceptance of evidence, e. i.â��the evidence outweighs the record.

The rules for a four-way or double proportionate measurement would

then apply here, provided there is conclusive proof.

376. All lost quarter-section corners on the section boundaries within

the township will he restored by single proportionate measurement

between the adjoining section corners, ajter the section corners have been

identified or relocated.

"Half-Mile Posts", Alabama and Florida; explanation of the term,

and treatment of the evidence of location. Manual Appendix V.

377. Lost meander corners, originally established on a line pro-

jected across the meanderable body of water and marked upon both sides

vnU be relocated by single proportionate measurement, after the section

or quarter-section corners upon the opposite sides oi the missing meander

corner have been duly identified or relocated.
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In order to restore one or more lost corners or angle points on such 
irregular exteriors, a retracement between the nearest known corners 
will be made on the record courses and distances, to ascertain the 
direction and length of the closing distance; a temporary stake wil1 
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distance will be distributed along the measurement of each course in 
proportion to its own difference in departure, and then each temporary 
stake will be Bet over to the north or to the south for the latitude of 
the closing distance in proportion to the total distance from the 
starting point. 

A second exception to the above rule is occasionally important, 
to be found in those cases where there may be persuasive proof of a 
deflection in the alinement of the exterior, though the record shows the 
line to be straight. For example, measurements east and west across 
a range line, or north and south across a latitudinal township line, 
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to the straight-line or two-way adjustment under the rules for the 
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then apply here, provided there is conclusive proof. 

376. All lost quarter-section corners on the section boundaries within 
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betwun the adjoining section corners, after the section corners have been 
identified or relocated. 

"Half-Mile Posts", Alabama and Florida; explanation of the term, 
and treatment of the evidence of location. Manual Appendix V. 
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Under favorable conditions a lost meander corner may be restored

by treating the shore line as an identified natural feature, and, in

the event of extensive obliteration of the original marks of the sec-

tion and quarter-section comers within the locality (which would

greatly limit the available control) this adjustment for position may

be preferable to one obtained by proportionate measurement carried

from a considerable distance. In extreme cases the restoration of a

meander corner by adjustment of the record meander courses to the

bank or shore line may actually be indispensable to the reconstruction

of the section boundaries. Granting extensive obliteration, in a

situation where there has been obvious stability to the bank or shore

line, or absence of appreciable changes by erosion or accretion, and

where the record meander courses and distances may be adjusted or

conformed to the salents and angles of the physical bank or shore

line, that method should be given a trial, and if found satisfactory

that restoration may be regarded as the most suitable position for

the meander corner. This may give a location in both latitude and

departure, or possibly may control the position only in latitude, or

only in departure. Section 359. The factors must be considered

with regard to the specific problem in hand.

(c) Closing Corners

378. A lost closing corner will be reestablished on the true line that

was closed upon, and at the proper proportional interval between the

nearest regular corners to the right and left.

In order to reestablish a lost closing corner on a standard parallel

or other controlling boundary, the line that was closed upon will be

retraced, beginning at the corner from which the connecting meas-

urement was originally made, itself properly identified or relocated; a

temporary stake will be set at the record connecting distance, and the

total distance and falling will be noted at the next regular corner on

that line on the opposite side of the missing closing corner; the tempo-

rary stake will then be adjusted as in single proportionate measure-

ment. Sections 363, 372.

A closing comer not actually located on the line that was closed

upon will determine the direction of the closing line, but not its legal

terminus; the correct position is at the true point of intersection of

the two lines.

An entirely different problem must be faced in those situations

where, on extensive retracement and study, it becomes evident that

the record tie from the closing corner to the monument called for in

the field notes is either wholly fictitious, grossly in error, or carries some

irreconcilable discrepancy. This is an extremely unfortunate situation
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when it occurs, but it must be dealt with. The safest procedure is for

the engineer to report the facts to the regional or public survey office.

The monument itself may be identified by the field note description,

though grossly out of place with respect to the record connecting

line. If that is the fact, the section boundary would normally be

controlled by the position of the identified monument, resulting in

a distorted section. If there be no evidence whatever of the closing

corner, and ample proof that the closing was not made as called for

in the field notes, none of the closing corners so involved should be

restc- ed without first verifying the nearest closings in the two direc-

tions which may be shown as authentic. The problem will then be

studied in the light of that information with a view to the restoration

which may be made most nearly in harmony with the official plat.

No general rule can be advanced. The treatment should have official

approval prior to the remonumentation of the lines.

379. The foregoing text completes the treatment of the general rules

for the restoration of lost or obliterated corners as widely applicable

to the rectangular surveys under the general and normal conditions,

and where the principal problem has to do with the disappearance

of monuments resulting from natural causes, and from the disturb-

ances due to the clearing, cultivation, and other uses of the land.

The special cases that are hereinafter cited with respect to broken

boundary lines and limited control where the identical rules of propor-

tionate measurement can not be applied do not have wide application

and do not have similar importance excepting under those conditions,

and as explained in the succeeding text.

While the preceding instructions will be applicable in alarge majority

of cases, it should be evident that if there seems to be some difficulty

or inconsistent result, the search of the record data should be extended

to ascertain if any call of the field notes, plat representation, or special

instructions that were to be observed in the execution of the original

survey, might have been overlooked, which when understood and

noted would clarify the problem. This research and study assumes

very large importance in the more difficult problems of the recovery

of an old line or boundary.

It is not intended to disturb satisfactory local conditions with

respect to roads and fences; manifestly the surveyor has no authority

to change a property right that has been acquired legally, nor can he

accept the location of roads and fences as evidence prima facie of the

original survey, i. e.â��something is needed in support of these loca-

tions. This will come from whatever intervening record there may

be; the testimony of individuals who may be acquainted with the

facts; and the coupling of these things to the original survey.

There is another important factor that requires careful considera-
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tion, i. e.â��the rules of the State law and the State court decisions, as

distinguished from the rules laid down by the Bureau of Land Man-

agement (the latter applicable to the public land surveys in all cases).

Under State law in matters of agreement between owners, or acquies-

cence, or adverse possession, property boundaries may be defined by

roads, fences, or survey marks, disregarding exact conformation with

the original section lines, and will limit the rights as between adjoining

owners.

In many cases due care has been exercised to place the property

fences on the lines of legal subdivision, and it has been the general

practice in the prairie States to locate the public roads on the section

lines. These are matters of particular interest to the adjoining

owners, and it is a reasonable presumption that care and good faith

would be exercised with regard to the evidence of the original survey in

existence at the time. Obviously, the burden of proof to the contrary

must be borne by the party claiming differently. In a great many

cases there are subsurface marks in roadways, such as deposits of a

marked stone or other durable material, that are exceptionally

important evidence of the exact position of a corner when duly re-

covered, if the proof can be verified.

A property corner, when placed with due regard to the location of

the original survey, should exercise a regular control upon the retrace-

ment, but not otherwise excepting in those cases where the agreement

is so close as to constitute what is obviously the best available evidence.

SECONDARY METHODS

(cQ Broken Boundaries

380. Angle Points of Nonriparian Meander Lines. In some cases it

is necessary to restore (or possibly to locate for the first time) the angle

points, within a section, of the record meander courses for a stream,

lake, or tidewater, which may be required under the special rules which

are applicable to nonriparian meander lines. Sections. 223, 511.

In these cases the positions of the meander corners on the section

boundaries are determined first. The record meander courses and

distances are then run, setting temporary angle points; the residual

or closing error is ascertained by the direction and length of the line

from the end of the last course to the objective meander comer. The

residual is then distributed on the same plan as in balancing a survey

for the computation of the areas of the lottings as represented on the

plat. Section 593.

The general rule is that the adjustment to be applied to the
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380

RESTORATION OF LOST CORNERS a01 

tion, i. e.-the rules of the State law and the State court decisions, as 
distinguished from the rules laid down by the Bureau of Land Man
agement (the latter applicable to the public land surveys in all cases). 
Under State law in matters of agreement between owners, or acquies
cence, or adverse possession, property boundaries may be defined by 
roads, fences, or survey marks, disregarding exact conformation with 
the original section lines, and will limit the rights as between adjoining 
owners. 

In many cases due care has been exercised to place the property 
fences on the lines of legal subdivision, and it has been the general 
practice in the prairie States to locate the public roads on the section 
lines. These are matters of particular interest to the adjoining 
owners, and it is a reasonable presumption that care and good faith 
would be exercised with regard to the evidence of the original survey in 
existence at the time. Obviously, the burden of proof to the contrary 
must be borne by the party claiming differently. In a great many 
cases there are subsurface marks in roadways, such as deposits of a 
marked stone or other durable material, that are exceptionally 
important evidence of the exact position of a corner when duly re
covered, if the proof can be verified. 

A property corner, when placed with due regard to the location of 
the original survey, should exercise a regular control upon the retrace
ment, but not otherwise excepting in those cases where the agreement 
is so close as to constitute what is obviously the best available evidence. 

SECONDARY METHODS 

(J) Broken Boundaries 

380. Angle Points oj Nonriparian Meander Lines. In some cases it 
is necessary to restore (or possibly to locate for the first time) the angle 
points, within a section, of the record meander courses for a stream, 
lake, or tidewater, which may be required under the special rules which 
are applicable to nonriparian meander lines. Sections. 223, 511. 

In these cases the positions of the meander corners on the section 
boundaries are determined first. The record meander courses and 
distances are then run, setting temporary angle points; the residual 
or closing error is ascertained by the direction and length of the line 
from the end of the last course to the objective meander corner. The 
residual is then distributed on the same plan as in balancing a survey 
for the computation of the areas of the lottings as represented on the 
plat. Section 593. 

The general rule is that the adjustment to be applied to the 

{
latitude } . {latitude } . departure of any course 18 to the resolved departure of the closmg 

Dig ize b 
riginal from 

UNIVERSITY OF INNESOTA 
380 



302 MANUAL OF SURVEYING INSTRUCTIONS

error, as the length of that course is to the total length of all the

courses. Each adjustment is applied in a direction to reduce the

closure, i. e.â��if the northings are to be increased, then the southings

will be decreased; etc.; a line due east would then be given a correction

to the north (in effect to the left); a line due Wtst, also to the north (in

effect to the right). Each incremental correction is determined and

applied in proportion to the length of tho line.

The field adjustments for the positions of the several angle points

are accomplished simply by moving each temporary point on the

bearing of the closing error, an amount that is its proportion of that

line, counting from the beginning, i. e.â��the particular distance to be

measured at any point is to the whole length of the closing error as the

distance of that point from the starting corner is to the sum of the

lengths of all the courses (fig. 68.)

There is a similar problem in plotting the lottings within a section

of a dependent resurvey when through distortion or other discrepancy

large difference are found between the location of a record meander

line and that of the true bank or shore, where the purpose is merely

Fig. 68.
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to represent these features in true relative position, as in those cases

where the ordinary doctrine concerning the meander line appears to

be applicable. Sections 226, 236, 659, 661, 665.

381. Grant Boundaries. In many of the States there are irregular

grant and reservation boundaries that were established prior to the

public-land subdivisional surveys, where the township and section

lines are to regarded as the closing lines. The grant boundary field

notes may call for natural objects, but these are frequently supple-

mented by metes-and-bounds descriptions. The natural calls are

ordinarily given precedence, then the angle points of the metes-and-

bounds survey, so far as these are existent and have been recovered.

Whatever uncertainties there are regarding the location of one or

more angle points cannot be eliminated until after satisfying the

natural calls, or before giving a proper orientation to the record

courses, and a proportional adjustment in the lengths of lines, as may

be necessary in order to conform to the ground control.

The retracement of an irregular grant boundary should be based

on the record courses and distances, then, if it appears that one or

more angle points are missing and that these are to be replaced, the

trial lines should be corrected uniformly to the right, or to the left,

and the lengths of the several courses should be adjusted on a constant

ratio, longer or shorter as may be needed; both the angular and the

linear corrections will be made as may be required to take up the

falling of the trial lines.

The process of making the adjustments may be compared to that

of transferring one drawing to another drawing of slightly different

scale, where the pantograph or photograph method may be used for

the reduction or enlargement of one drawing, and when the lines of

that modified scale are plotted on the second drawing, as follows:

direct lines of two (more or less distant) common points of control are

selected; one drawing is pantograpbed or photographed to the scale

of the other, on the ratio of the lengths of the control lines; the latter

are then employed for the orientation. When the drawings are thus

assembled all points, angles, straight or curved lines, etc., are placed

in proper relative position.

The most direct method in the field, after satisfying the natural

calls, is to connect the identified or acceptable points on the following

plan:

(a) Reduce the record courses and distances to the total differences

in latitude and departure, and compute the direction and length of

the connecting line;

(6) Determine the exact ground differences in latitude and depar-

ture, by the most applicable field method, and compute the direction

and length of the connecting true line;
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(c) The angular difference in the direction of the record connecting

line (a), and that of the connecting true line (6), will give the adjust-

ment or correction to be made to the right, or to the left, in order to

orient the record courses to the actual ground control; and,

(d) The ratio of the true length of line (6), to the calculated record

connecting distance (a), will be the coefficient to apply to the record

lengths of lines to conform with the ground control.

The corrections from magnetic bearings to true meridian courses

may be made also, on the ground, on this identical plan (disregarding

local attraction).

After the adjustments have been applied to the record courses,

all in the same angular amount, and to the record distances, each one

proportionally for length, and the locations for the angle points thus

determined on the ground, the search for evidence of the record

markers may be made with greater assurance, as the differences

which may have been attributable to orientation and to the ratio

of measurement will now be compensated. The method places the

adjusted locations for the angle points where these will be in the most

probable original position, thus aiding in the search for marks, and

affording a better check of the collateral evidence. These are the

points that are to be restored if the angle points are then regarded

as lost.

The above method is applicable to those situations where the

grant boundary survey preceded the public-land subdivision, and

where the township and section lines are to be regarded as the closing

lines. In more special situations where there are three or more lines

that intersect at a common point within a group of irregular metes-

and-bounds surveys, where the monument is lost, and if a balanced

weight is to be given to all known control, the method that is set out

in section 384 will be applicable.

(e) Original Control

382. Where a line has been terminated with measurement in one

direction only, a lost corner will be restored by record bearing and

distance, counting from the neaicst regular corner, the latter having been

duly identified or restored. Sections 371, 383.

Examples will be found where lines have been discontinued at the

intersection with large meanderable bodies of water, or at the border

of what was classed as impassable ground.
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(0 Index Correction (or Average Error in Alinement and

Measurement

383. In cases where a retracement has been made of many miles of

the original lines, between identified original corners, and there has

been developed a definite surplus or deficiency in measurement, or a

definite angle from cardinal that characterizes the original survey,

it will be proper to make allowance for the average differences. An

adjustment will be taken care of automatically in all cases where there

exists a suitable basis for proportional measurement, but where such

control in one direction is lacking, an average difference, if conclusive,

will be made use of by applying the same to the record courses and

distances. Section 371.

(g) Miscellaneous Control

384. It will be apparent to the experienced engineer that actual

field conditions do not always, furnish the basis for the application

of the rules heretofore set forth, and while developing a plan of recon-

struction to apply in an unusual case the engineer will at once note

that the first consideration relates to a more or less arbitrary limita-

tion of the control to be adopted. No definite rule can be laid down,

except that there should be the closest possible adherence to the

basic examples already given in the text and to the method of the

original survey that is to be restored. The methods heretofore out-

lined readily harmonize surveying practice with legal decisions

concerning the restoration of lost corners.

A strictly consistent mathematical recovery of a lost comer, not

based upon any known legal decision, may be obtained by allowing

every known corner within a reasonable radius to enter into the

control, each original corner being given a weight inversely pro-

portional to its distance from the missing corner. The principle

will lead to the same result in some cases as by the methods pre-

viously outlined, it will yield a slightly different result under some

circumstances. For the latter reason a miscellaneous control based

upon such mathematical principle will not be adopted except as

specifically approved by the regional administrator after due consider-

ation of the facts in regard to the applicability of the method in the

absence of a suitable basis for a regular control.

The problem in the field will be developed by a series of retrace-

ments each beginning at an accepted corner, thence following out

the record courses and distances, each retracement terminating at

a temporary stake in the vicinity of the objective lost corner. Each

stake will be given a weight inversely proportional to the distance

383
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from the accepted corner to which it is related. The several tem-

porary stakes will then be combined; the first two to be resolved

into a point on the line between them, dividing the whole distance

into two parts that will make the interval from either stake inversely

proportional to the weights previously assigned, and the latter point

will be given their combined weights. The last point will then be

correlated with the third temporary stake on a similar plan. Three

or more original corners will thus exercise their influence upon the

final resultant position for the corner which is to be restored. The

result will be the same no matter what the order of connecting the

temporary stakes may be, but the omission of any element of the

control or the introduction of an additional original corner will alter

the final position. The field of influence should accordingly be

selected with a view to obtaining a resultant balanced position which

can not be materially changed by the introduction of other known

points of control in that vicinity.

SPECIAL CASES

385. Experience, thoroughness, and good judgment are indispen-

sable for the successful retracement and recovery of any survey when

it reaches a stage of extensive obliteration. It is an axiom, however,

among experienced cadastral engineers, that if the original survey

was made faithfully, and was supported by a reasonably good field-

note record, the true location of the original lines and corners can be

restored. That is the problem for which the basic principles have

been outlined, and for which the rules have been laid down. The

text must be discontinued at that point, as the rules can not be elabo-

rated so as to be applicable for the reconstruction of a grossly erroneous

survey, or for a survey the record field-notes of which are found to be

fictitious. The question of jurisdiction then becomes paramount.

If public lands are involved, the methods applicable to resurveys, as

outlined in the next chapter, are designed to rectify the conditions

where thus found to be at variance with the representations of the

official field notes and plat.

386. The records of the regional or public survey offices are a

reservoir of cumulative experience in dealing with the many types of

special cases which come outside of the normal problem, each in its

own area; the records in Washington include the special cases from

all public-land States and Alaska. These plats, field notes, reports of

field examinations, office opinions, Departmental decisions, opinions

from the Attorney General of the United States, and frequently court

opinions and decrees, are drawn upon when needed to assist the
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engineer in the study of situations that are new to his own experience.

When finding unusual situations, therefore, and difficulty in the appli-

cation of the normal rules for the restoration of lost corners, the

engineer is required to report the facts to the proper administrative

office. Instructions will issue for the making of additional retrace-

ments where that appears to be necessary, particularly where that

would be beyond the scope of the original instructions. In this con-

nection, it is important to bear in mind that the problem in hand is

one of restoration, to be kept distinct from an authority to engage in

the running and marking of new lines as in an original survey.

386
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JURISDICTION

387. Certain important considerations are involved in the execu-

tion of Government resurveys of an entirely different character from

those relating strictly to the making of original surveys; these consid-

erations present matters not referred to in chapter V. There is a

twofold object of a resurvey: First, the adequate protection of existing

rights acquired under the original survey in the matter of their location

on the earth's surface, and, second, the proper marking of the boundaries

of the remaining public lands.

The term "resurvey" is applied to the reestablishment or reconstruc-

tion of the land boundaries and subdivisions by the rerunning and re-

marking of the lines that were represented in the field-note record and

on the plat of a previous official survey. This will include, as in the

beginning, a field-note record of the retracement data, observations,

measurements, and monuments descriptive of the work performed,

and a plat that represents such resurvey, all subject to the approval of

the directing authority.

The above definition of a resurvey is always intended, or implied,

unless the term is explicitly modified as in an independent resurvey

(sec. 428) or in some other appropriate manner. The adjective

"dependent" applied to the term "resurvey" is employed for emphasis,

and specifically to suggest the recovery and restoration of the prior

official survey.
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The term "retracement" is applied to a survey that is made for the

purpose of verifying the direction and length of lines, and to identify

the monuments and other marks of an established prior survey. The

retracement, as such specifically does not modify the former line or

lines, excepting where renewing the marks or monuments. The

field-note record does afford, however, new evidence of the character

and condition of the previous survey, including a careful redetermi-

nation of the direction and length of all lines retraced, and whether

the retracement is corroborative of the former record field notes and

plat, or not so in any particular.

In the October term, 1888, in the case of Cragin v. Powell (128 U. S.,

691, 698), the Supreme Court of the United States cited with favor

the following quotation from a letter of the Commissioner of the Gen-

eral Land Office to the surveyor general of Louisiana:

The making of resurveys or corrective surveys of townships once proclaimed

for sale is always at the hazard of interfering with private rights, and thereby

introducing new complications. A resurvey, properly considered, is but a retrac-

ing, with a view to determine and establish lines and boundaries of an original

survey, * * * but the principle of retracing has been frequently departed

from, where a resurvey (so called) has been made and new lines and boundaries

have often been introduced, mischievously conflicting with the old, and thereby

affecting the areas of tracts which the United States had previously sold and other-

wise disposed of.

388. As already noted in chapter I, the Congress has authorized,

under certain conditions, the remarking of the public-land surveys.

The acts relating to resurveys contemplate a restoration of the monu-

ments in those townships, (a) where because of obliteration the

boundaries can be identified only through extensive retracements in

units of whole townships or more, by surveyors experienced in this

specialized work, and (6) where field investigation has shown that the

conditions on the ground are in such disagreement with the repre-

sentations of the official field notes and plat that the subdivisional

lines cannot be identified with certainty as to location, in consequence

of which that plat must necessarily be annulled as the basis for the

disposal of the remaining public land.

The trend towards the conservation and better use of the public

domain, has focussed attention on the need for a retracement and

remarking of the lines of the older surveys, in most cases for a re-

monumentation, including the plain marking of the lines through the

forests, so as to insure the identification and maintenance of the

boundaries between the federally-owned and the private lands. The

questions always are those of need, jurisdiction, and cost.

The authority for engaging in a general resurvey, where public
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lands are involved, can issue only through the Director, Bureau of

Land Management. Other Federal agencies, vested with the adminis-

tration of the lands, may initiate the action by showing the justifica-

tion, addressing the Director through the usual official channels.

The settlers and owners of the land may take the preliminary steps

through a report of the facts submitted to the regional administrator,

setting forth the conditions with respect to the monuments and other

marks, discrepancies if known or alleged, and the limits of their

ownership.1 Sections 9, 10.

A State court of competent jurisdiction (in cases involving property

boundaries) may make application to the Bureau of Land Management

to cause a general resurvey of a township.

389. The engineer is advised to bear in mind the fact that in

localities where resurveys are necessary the occasion for boundary

disputes is ever present; he should accordingly exercise the greatest

care in his technical work in the field and in the record thereof, so

that the result of the resurvey shall relieve existing difficulties as

far as possible without introducing new complications. As in the

case of original surveys, the records of all resurveys must form an

enduring basis upon which depends the security of the title to all

lands acquired thereunder. The field notes should be so prepared

that under the test of the closest possible scrutiny at all times, present

and future, the record can be regarded as conclusive in the matter of

the location of such rights.

390. The Bureau of Land Management has exclusive jurisdiction

over all matters pertaining to surveys and resurveys affecting the

public lands. As between private owners of lands the title to which

has passed out of the United States, final determination in the matter

of fixing the position of disputed land boundaries rests with the local

court of competent jurisdiction. The rules of procedure laid down in

the Manual of 1947 for the re-marking of lines of previous surveys

are intended to be in harmony with the leading court decisions in

suits involving boundary disputes. The rules should be so applied

that the courts may, with security, accept the boundaries thus de-

termined in so far as they represent the true location of a particular

tract intended to be conveyed by a patent. The official resurveys

are undertaken only when duly authorized, and the field work as-

signed to a cadastral engineer, who in that manner is acting under

the authority of the Secretary of the Interior through the Bureau of

Land Management and under the immediate direction of subordinate

supervising officers.

1 See current circular governing applications (or resurveyi.
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LIMIT OF AUTHORITY OF ENGINEER

391. There are certain questions of a purely judicial nature involved

in resurveys of every description where the decision is to be reserved

to the Director of the Bureau of Land Management, particularly

those relating to compliance with the general laws in respect to the

entry of the public lands. Thus it comes within the realm of the sur-

veying process to identify and mark out on the ground the various legal

subdivisions of the public domain, but it is a judical question beyond

the function of the engineer to determine whether or not specified

lands have been duly earned under a certain entry. In the resurvey

process the engineer will determine whether or not lands embraced

within a claim as occupied have been correctly related in position

to the original survey. Where the demonstration of this question

may be one involving more or less uncertainty, as is often the case,

the engineer will examine and weigh the evidence relating strictly

to the surveying problem involved. He will interpret the evidence

in respect to its effect upon the manner in which the resurvey shall be

executed looking to the protection of the valid rights acquired under

the original survey. The engineer has no authority to enter into an

agreement looking to the exchange of one subdivision for another,

or to bind the Bureau of Land Management in this particular.

BONA FIDE RIGHTS OF CLAIMANTS

392. In order to carry out the provisions of the laws relating to

resurveys, the engineer should understand fully the meaning of the

words "bona fide rights" and under what circumstances it will be

held that such rights have been impaired by a resurvey. In this con-

nection attention is directed to the clause contained in the Act of

March 3, 1909 (35 Stat., 845), as amended June 25, 1910 (36 Stat.,

884; 43 U. S. C. sec. 772), which reads as follows:

That no such resurvey or retracement shall be so executed as to impair the

bona fide rights or claims of any claimant, entryman, or owner of lands affected

by such resurvey or retracement.

The rights of claimants are to be given similar protection under

the provisions of the Act of September 21, 1918 (40 Stat., 965; 43

U. S. C. sec. 773).

393. It will be understood that bona fide rights are those acquired

in good faith under the law. Rights of this character can be affected

by a resurvey only in the matter of position or location on the earth's

surface, and the engineer will be concerned only with the question as

to whether lands covered by such rights have been actually located in

good faith. Other questions of good faith, such as priority of occu-

pation, possession, continuous residence, value of improvements, and
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cultivation, when considered apart from the question of the position

of the original survey, do not in any manner affect the problem of

resurvey.

It is evident that the resurvey must afford adequate protection to

bona fide vested rights in both improved and unimproved lands. In

the final determination of the true position of all lands, whether im-

proved or unimproved, in the absence of original corners, the necessity

for more or less flexibility of method must be recognized, as the value

of both of these classes of lands may be vitally affected by an arbitrary

process of resurvey which is rigid in its application. Unimproved

lands, however, where no apparent attempt has been made on the

part of the owner to identify the same under their original descriptions

(and where the inherent value of the lands in question is the same),

are not necessarily affected in the same manner, and such unimproved

lands may be adjusted to a position found by the engineer to be

conformable to adjoining or near-by tracts, where all may be held to

qualify under the rule of acceptable location.

394. The position of a tract of land in a surveyed township, de-

scribed by legal subdivisions, is absolutely fixed by the original corners

and other evidences of the original survey and not by occupation or

improvements, or by the lines of a resurvey which do not follow the

original. It is an obvious principle that a conveyance of land must

describe the parcel to be conveyed so that it may be specifically and

exactly identified, and for that purpose the law directs that a survey

be made. Under fundamental law the corners of the original survey

are unchangeable. Even if the original survey were poorly executed,

it will still control the boundaries of land patented under it.

The question arises whether the technical rules for the restoration

of lost corners are to be rigidly applied in all cases regardless of their

effect on the position of improvements, or whether the position of the

improvements is to be accepted without question regardless of the

relation or irrelation of such improvements to the existing evidence

of the original survey and to the description contained in the entry.

Manifestly these opposite extremes are equally unacceptable. Some-

where between them, therefore, will be found the basis for a deter-

mination of the question as to when lands so improved are to be re-

garded as having been located in good faith or otherwise. It is clear

that no definite specific set of rules can be laid down in advance for

the determination of this question. This is a problem the solution

of which must be found on the ground by the engineer; it is upon

his judgment primarily that the responsibility for a determination of

the question of good faith as to location must rest.

395. It may be held generally that an entryman has located his

lands in good faith (referred to herein as an acceptable location of a
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claim or of a local point), when it is evident that his interpretation of

the record of the original survey as related to the nearest existing

corners at the time the lands were located (as defined by his fencing,

culture, or other improvements) is indicative of such a degree of care

and diligence upon his part, or that of his surveyor, in the ascertain-

ment of his boundaries, as might be expected in the exercise of ordinary

intelligence under existing conditions. From this it follows that lack

of good faith is not necessarily chargeable against an entryman if he

has not located himself according to a rigid application of the rules

laid down for the restoration of lost corners, where complicated con-

ditions involve a double set of corners, both of which may be regarded

as authentic; or where there are no existing corners in one or more

directions for an excessive distance; or where the existing marks are

improperly related to an extraordinary degree; or where all evidences

of the original survey which had been adopted by the entryman as a

basis for his location have been lost before the resurvey is undertaken.

Furthermore, the extent of recognition given by neighboring claimants

to a local point used for the control of the location of claims very

often carries with it the necessity for a consideration of its influence

in the matter of the acceptability of such locations under the rule of

good faith.

396. In cases involving extensive obliteration at the date of entry,

the entryman or his successors in interest may be charged with the

knowledge that the boundaries of the claim will probably be subject

to more or less adjustment in the event of a resurvey, and that in the

process of fixing the boundaries of groups of claims a general control

applied to all must be favored as far as possible in the interest of

equal fairness to all and of simplicity of resurvey. A claim which

maifestly shows that no attempt has been made to relate the same in

some manner to the original survey cannot generally be regarded as

having been located in good faith.

397. Cases will arise where it may be evident that lands have

been occupied in good faith, but whose boundaries as occupied are

clearly in disagreement with the demonstrated position of the legal

subdivisions called for in the description. Obviously the rule of

good faith as to location cannot apply, and relief must be sought

through the process of amended entry imder R. S. sec. 2372, as

amended February 24, 1909 (35 Stat. 645; 43 U. S. C. sec. 697),

to cover the legal subdivisions actually earned, rather than through

an alteration of the position of established lines. This is a process

of adjudication rather than one of resurvey. A case of this character

should be regarded as an erroneous location, in precisely the same

manner as would obtain if the question of resurvey were not involved.

Sec. 426.
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398. The recognition of the principle that the restoration of a cor-

ner may be influenced by the position of one or more existing claims

warrants, within suitable limits, the acceptance of an unofficial deter-

mination, in the manner hereinafter denned, which would not neces-

sarily agree with that resulting from a rigid application of arbitrary

rules laid down for the restoration of lost corners.

GENERAL FIELD METHODS

399. When the retracements show that the principal resurvey

problem is one of obliteration, with comparative absence of large

discrepancies, i. e.â��that the early survey had been made faithfully,

then that official survey can be reconstructed or restored as it was in

the beginning; the methods applied are termed a "dependent resurvey."

Conversely, if the retracements show the existence of intolerable

discrepancies, i. e.â��that the early survey had not been faithfully

executed, usually including the fact that some of the lines had not

been established, having no actual existence, and therefore incapable

of reconstruction or restoration to conform with a fictitious record,

entirely different methods can and must be applied to the public-land

area, termed an "independent resurvey." In the latter circumstance,

the boundaries of the patented lands are given special treatment for

their protection, as nearly in harmony as possible with what could

be afforded by local court decree.

400. The dependent resurvey is designed to accomplish a restora-

tion of what purports to be the original conditions according to the

record, based, first, upon identified existing corners of the original

survey and other recognized and acceptable points of control, and,

second, upon the restoration of missing corners by proportionate meas-

urement in harmony with the record of the original survey. This

type of resurvey is applicable to those cases showing fairly concordant

relation between conditions on the ground and the record of the origi-

nal survey. Titles, areas, and descriptions should remain abso-

lutely unchanged in the typical dependent resurvey.

401. The independent resurvey provides methods adapted to con-

siderable areas of public land where the original survey cannot be

identified with any degree of certainty in accordance with the repre-

sentations of the approved plat and field notes, and where the pre-

vailing conditions are such that strictly restorative processes, when

applied as an inflexible rule between existing monuments or adopted

corner positions, are either inadequate or lead to unsatisfactory re-

sults. This type of resurvey provides for the segregation of indi-

vidual tracts when necessary, or their conformation to the subdivi-

sions of the resurvey if that can be done suitably. Generally, tract
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398. The recognition of the principle that the restoration of a cor
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discrepancies, i. e.-that the early survey had been made faithfully, 
then that official survey can be reconstructed or restored as it was in 
the beginning; the methods applied are termed a "dependent resurvey." 

Conversely, if the retracements show the existence of intolerable 
discrepancies, i. e.-that the early survey had not been faithfully 
executed, usually including the fact that some of the lines had not 
been established, having no actual existence, and therefore incapable 
of reconstruction or restoration to conform with a fictitious record, 
entirely different methods can and must be applied to the public-land 
area, termed an "independent resurvey." In the latter circumstance, 
the boundaries of the patented lands are given special treatment for 
their protection, as nearly in harmony as possible with what could 
be afforded by local court decree. 
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urement in harmony with the record of the original survey. This 
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relation between conditions on the ground and the record of the origi
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401. The independent resurvey provides methods adapted to con
siderable areas of public land where the original survey cannot be 
identified with any degree of certainty in accordance with the repre
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surveys can be avoided by restoring the section boundaries in which

the claim is situated, using the same control that would have been

employed to govern the tract survey, which in certain cases may be

three-point, two-point, or even one-point control. In effect this may

employ both types of resurvey in the same township, with the de-

pendent resurvey covering those sections which include alienated

lands. Tract segregations will be necessary only in those unusual

cases where in-elated control prevents the reconstruction of sections

that would adequately protect the alienated lands.

These processes are found to be more flexible in their application

than those of the strictly dependent type, but at the same time they

are intended duly to protect all private rights which have been ac-

quired upon the basis of the original approved survey and plat. The

independent type of resurvey supersedes the record of the original

survey with respect to the identification and description of the re-

maining public lands. This will be made apparent by the represen-

tations of the approved resurvey plat.

The engineer or surveyor is not clothed with authority to decide

boundary disputes, but may be regarded as one qualified by training

and experience to testify in such cases. That statutory authority is

vested in the court, by virtue of its legal capacity to weigh the evi-

dence, the facts being shown by the testimony of the witnesses, in-

cluding the surveyors, and by exhibit of the official records. The

court is then qualified to weigh the evidence, to exercise discretion as

to the preponderance of the evidence, its acceptability, and by court

decree to enforce its opinion. The court will determine the facts as

to the sufficiency of the control, or extent of the monuments and

other marks of the official survey that can be relied upon, and how

that control is to be applied. This will be binding in fixing the

boundaries of privately-owned property, and would seldom be con-

tested as to acceptability in fixing the boundaries between the public

lands and the patented lands excepting as a convincing showing may

be made that the monuments of the official survey had been dis-

regarded, overlooked, or otherwise ignored in the testimony in the

case, the court itself possessing no authority to set aside the official

survey.

Where this flexibility in the application of surveying rules is invoked

more or less as in restoring the section-line boundaries with less than

normal control, and in making tract segregations, as in an inde-

pendent resurvey, it must be clearly recognized that the statutory

authority to review the effect upon the location of the boundaries of

the privately-owned lands continues with the court in full force and

effect as intended by law.
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Descriptions will not be duplicated on the resurvey plat. Any

subdivision whose description would ordinarily result in a repetition

of the description of any land already alienated under the original

survey, will be given an appropriate new designation. Sections

436, 455.

402. The basic principle, with respect to the protection of bona

fide rights, involved in one type of resurvey is identical with that of

the other type, whether dependent or independent; they are both to

be regarded as an official demonstration, on the part of the Bureau of

Land Management, in the fight of the best evidence available, by means

of the legal subdivisions of a dependent resurvey or by the tract segre-

gations of an independent resurvey, of the original position of entered

or patented legal subdivisions or lots included in the original descrip-

tion when related to the original survey. There is no legal authority

for the substitution of the methods incident to an independent resurvey

in disregard of identified evidence of the original survey.

403. A large proportion of the areas that require resurvey are of a

character that a retracement and remarking of the lines may be under-

taken and carried through without undue complication, and generally

this condition has been fairly well established in the initial application

and justification. If complications are encountered which cannot be

successfully treated within the usual rules for a dependent resurvey,

or which make the special instructions inadequate or inapplicable, a

report is required from the field wrth the factual conditions set out

for appropriate action. The questions are those of the extent of the

obliteration, the relative harmony of the identified and recognized

points of control, the evident faithfulness of the original survey, or

otherwise, and the extent of the disposals by the Government.

404. The special instructions for an independent resurvey cannot

be prepared without a factual report of whatever intolerable conditions

there may be which may make it necessary to abandon the prior

record-survey as a basis for the disposal of the remaining public lands.

Such report should be an assembling of the data in respect to the local

survey conditions; the facts with regard to the evidence of the record-

survey; the degree to which identified points are concordant, or grossly

irregular; the basis of the several claim locations; the existence of one

or more unofficial local surveys that have been made on behalf of the

claimants, and so recognized and adopted by them in flying their

boundaries; the extent of conflicts by overlapping surveys, or resulting

from two sets of corner monuments; and any hiatus that may be

anticipated.

405. When the development of complications gives indication that

independent resurvey procedure may be necessary, this fact will
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report is required from the field with the factual conditions set out 
for appropriate action. The questions are those of the extent of the 
obliteration, the relative harmony of the identified and recognized 
points of control, the evident faithfulness of the original survey, or 
otherwise, and the extent of the disposals by the Government. 

404. The special instructions for an independent resurvey cannot 
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405. When the development of complications gives indication that 
independent resurvey procedure may be necessary, this fact will 
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require an authorization as to the scope of the examination in all cases

excepting where the unsatisfactory conditions are purely local. The

special instructions will then 'be drawn to indicate the particular

considerations which should receive attention in the field. The work

of the field examination, including the necessary retracements, search

for evidence of monuments or other marks, topographic calls of the

record field-notes, and other investigation, will then be entirely

preliminary, and without the construction of new monuments of any

kind. During this period interested parties should be informed that

the field examination is strictly for the purpose of an ascertainment of

the facts as to the character and condition of the prior record-survey,

and that the resurvey, if one is to be undertaken later, will be planned

primarily for the protection of all existing valid rights, and possibly

with a view to the running of new lines for the identification and

disposal of the remaining public lands, the detail of which cannot be

assured in advance of formal action on the report.

406. The report of the field examination will be reviewed in the

regional or public survey office. Appropriate special instructions will

be drawn to show the detail of the proposed resurvey. Recommenda-

tion will be made as to whatever action may appear to be necessary as

to the status of the public lands which may be affected. Among the

very important considerations is the fixing of the outboundaries of the

township or townships within the planned resurvey. These limiting

boundaries, excepting only where the scope of an independent resurvey

is unusually large, are to be lines which can be restored under the ordi-

nary rules so as to protect the existing rights in the adjoining lands that

are not to be resurveyed, or within which a resurvey has not been

authorized at the time.

407. Occasionally, even where the report of the preliminary field

examination appears to have been sufficiently full and explicit, unfore-

seen difficulties may be developed during the progress of the resurvey,

by reason of the greater detail of the work, and additional opportunity

for study. New factors may render the special instructions quite

inapplicable, or be such that would evidently produce inconsistent or

unsatisfactory results if carried through. Such dangers are ever

present, adding greatly to the problem of resurvey, and to the responsi-

bility of the chief of field party. In such cases, when encountered, it

is of utmost importance that further monumentation be suspended for

the time. Attention will be given to the needed additional retrace-

ments, or other examination, reporting promptly to the regional or

public survey office as to this phase or change in the work in hand.

408. During the progress of the resurvey the engineer should

advise all interested parties, as occasion and opportunity may offer,
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by reason of the greater detail of the work, and additional opportunity 
for study. New factors may render the special instructions quite 
inapplicable, or be such that would evidently produce inconsistent or 
unsatisfactory results if carried through. Such dangers are ever 
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that the resurvey is not to be regarded as official or binding upon the

United States until duly accepted by the Director, Bureau of Land

Management, as provided by law, and that no contemplated alter-

ation in the position of improvements or claim boundaries should

be made in advance of the official acceptance of the resurvey.

THE DEPENDENT RESURVEY

General Control

409. A dependent resurvey is an official re-marking of the original

lines upon a plan whereby existing evidence of the original survey

is given primary control over the position of the lines to be reestab-

lished. A certain amount of flexibility (as hereinafter described)

is allowable in the dependent resurvey when necessary for the

protection of bona fide rights of claimants, particularly in those

cases where no objection is found to adopting a point acceptably

located under the rule of good faith already laid down, when only

slightly at variance with the theoretical position.

410. In both theory and practice the dependent resurvey is begun

by making a retracement of the township exteriors and subdivisional

fines of the established prior survey within the unit of the assigned

work. This is done, first, for the identification of all marks and

monuments that are called for in the record field-notes; second,

for the study and use of the available supplemental survey records,

and testimony of witnesses, to ascertain if this evidence is sufficiently

well-qualified for the replacement of corners that may be treated as

obliterated, but not lost; third, for the careful consideration of all

additional collateral evidence as hereinafter described. The first

two steps give the basic control for the resurvey, against which may

be weighed the less certain collateral evidence, by comparison with

the proportionate positions derived from the basic control.

The field processes are necessarily more or less varied to meet

the local conditions. If the usual four-point control (for a section

corner) appears to be wholly inapplicable, or decidely unsatisfactory,

then a three-point control may be considered in weighing the collateral

evidence. In extreme cases the collateral evidence may be weighed

against the two-point control, particularly when supported by field-

note calls to well-identified natural features. All such preliminary

retracement, search, and study is of course directed to the identifi-

cation of the boundaries of the alienated lands, and to what extent

the resurvey may be carried through under the rules for propor-

tional measurement, the latter to be so qualified that the result

can be regarded as satisfactory if that plan is followed.
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Ordinarily the one-point control is inconsistent with the general

plan of a dependent resurvey. The courts have frequently turned

to this as the only apparent solution of a bad situation, and unfor-

tunately this has been the method applied in many local surveys,

thus minimizing the work to be done, and the cost. Almost without

exception the method is given the support that "it follows the record,"

overlooking the fact that the record is equally applicable when revers-

ing the direction of the control from other good corners, monuments,

or marks, if such can be recovered by careful retracement. The

use of the one-point control may be applicable where the prior survey

was discontinued, by record, or through the failure actually to run

and establish the line called for. If by record, the field notes may

be followed explicitly. If discontinued by evident unfaithfulness

inkexecution, its use would be limited to the making of a tract segre-

gation where the claimant had given confidence to the so-called

field notes.

411. The process of the dependent resurvey differs in scope from

that applied for the usual restoration of one or more lost corners,

as the rules governing a resurvey bring into consideration in a

more comprehensive manner the position of recognized land bound-

aries, in the absence of evidence of the original corners. The engi-

neer has noted the detailed instructions set forth in chapter V

looking to the identification of existing evidence of the original

survey and the application of the rules of proportionate measurement

for the determination of the theoretical position of lost corners.

These rules will be applied in the dependent resurvey generally

with respect to the township as a unit, wherein the means of identi-

fication of each and every existent corner will be exhausted and the

theoretical position determined for each lost corner. The former

are to be considered as fixed points (except in most unusual cases)

and may be monumented at any time; the latter will be subjected

to the possible influence of points which may afterwards be deter-

mined to be acceptably located under the same rule of good faith,

and will be marked only as temporary points until this question

has been disposed of.

412. A complete retracement of the original survey will be made,

based upon known corners, it being assumed that the exterior bound-

aries of the township to be resurveyed have been identified or re-

stored under the rules already laid down in chapter V, and under those

relating to the acceptability of a local point or claim location. It is

not usually possible to follow the method and order of procedure shown

in the record of the original survey (owing to missing corners), but

the complete system of lines will be run out by preliminary retrace-

ment, usually beginning with the meridional lines between known
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corners, followed by the latitudinal lines between known corners,

noting the intersections with the meridional lines. The engineer

must be supplied with a complete copy of the record of the original

survey. Temporary reference stakes are usually set on the meridional

lines at the record measurement for each corner.

413. The preliminary retracements will lead at once to the identi-

fication of the known and plainer evidence of the original survey. A

trial calculation will follow as to the latitudinal and longitudinal

adjustments at each missing corner, to suit the proportions which may

be derived when based upon these known corners. A second and

more exhaustive search will then follow within the zone of the probable

location of each missing corner for the more obscure evidence of the

original survey. At this stage of his field work the engineer should

exhaust every possible means of identifying the existent corners of the

original survey. In many respects, the engineer will be compelled to

adopt methods such as the actual field conditions seem to warrant,

exercising skill and judgment.

If additional evidences of the original survey are found, a second

trial calculation will then be made as to the latitudinal and longi-

tudinal adjustments of the temporary reference stakes previously set

at each missing corner, to suit the proportional measurements derived

from all of the known original cornersâ��exactly as outlined in chapter

V. These calculated adjustments will determine the theoretical loca-

tion of each lost corner with reference to the known existing evidence

of the original survey.

In the absence of other considerations, the theoretical points thus

determined by proportionate measurement, based upon existing

original corners, are fixed to a mathematical certainty, and when

these points have been determined, the evidence of the original survey

and the record thereof have served their primary purpose. Then, and

not until that time, is the engineer prepared to consider the weight

of such collateral evidence as may be available.

414. The question now to be determined is whether the position of

the lands claimed, occupied or improved is to be adopted under the

rule of good faith as to location, and whether, if so adopted, the claims

thus acceptably located can all bo properly protected by the dependent

plan of resurvey. If the position of any claim fails to qualify under

the rule of good faith it may be disregarded as to the effect produced

thereon by the plan of dependent resurvey. On the other hand, if

these claims are held to be acceptably located under the same rule,

they may be adopted as the determining factor in the position of the

missing corner or corners; and if the claims are in such concordant rela-

tion to each other and to the identified evidences of the original survey

as to receive full protection by the dependent plan of resurvey, the

414
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corners, followed by the latitudinal lines between known corners, 
not~ the intersections with the meridional lines. The engineer 
must be supplied with a complt'te copy of the record of the original 
survey. Temporary reference stakes are usually set on the meridional 
lines at the record measurement for each corner. 

413. The preliminary retrnr.('ments will lead at once to the id('nti
fication of the known and pluiner evidence of the original survey. A 
trial calculation will follow as to the latitudinal und longitudinal 
adjustments at ear.h missing corner, to suit the proportions which may 
be derived when based upon these known cornel'S. A second und 
more exhaustive s('arch will then follow within the zone of the probable 
location of each Illissill~ conwr for the more obscure eddence of the 
original survey. At this ~tng(' of his field work the engineer should 
exhaust every possible nwans of identifying the existent corners of the 
original survey. In mnny resp(\cts, the engineer will be compell('d to 
adopt methods such as the actual field conditions seem to warrant, 
exercising skill and judgment. 

If additional evidences of the original survey are found, a second 
trial calculation will tht'll be Illnde as to the latitudinal and longi
tudinal adjustments of t.he t<'lllporury reference stakrs previously set 
at each missing corner, to suit the proportional measurements derived 
from aU of the known original corners-exactly as outlined ill chapter 
V. These calculated adjustments will determine the theoreticalloca
tion of each lost corner with reference to the known existing evidence 
of the ori~nal survey. 

In the absence of other considerations, the theoretical points thus 
determined by proportionate measurement, based upon existing 
original corners, are fixed to a mathematical certainty, and when 
these points have been determined, the evidence of the original survey 
and the record thereof have served their primary purpose. Then, and 
not until that time, is the engineer prepared to consider the weight 
of Buch collateral evidence as may be available. 

414. The question now to be determined is whether the position of 
the lands claimed, occupii\d or improved is to be adopted under the 
rule of e;ood faith as to location, and whether, if so adopted, the claims 
thus acceptably located can all he' properly prote'cted by the d<'pendent 
plan of resurvey. If the position of any claim fails to qualify under 
the rule of good faith it may be disregarded as to the effect produced 
thereon by the plan of dependent resurvey. On the other hand, if 
these claims are held to be a.cceptably located under the same rule, 
they may be adopted as the det('rmining factor in the position of the 
missing corner or corners; and if the claims are in such concordant rela
tion to each other and to the identified evidences of the original survey 
as to receive full protection by the dependent plan of resurvey, the 
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engineer may proceed with full assurance of the adequacy of the plan.

Otherwise, the question of other processes analogous to those of an

independent resurvey or to the amendment of description (as here-

inafter explained) must be considered.

If two or more claims are acceptably located, but are discordantly

related to each other to a considerable degree (by virtue of irregularities

in the original survey), it will be clear that the general plan of de-

pendent resurvey may not afford protection to such claims. In this

case, as before stated, some other process must be adopted to protect

the acceptably located claims.

415. These acceptably located points for the missing corners will

receive all the authority and significance of an identified original

corner, and when the influence thereof on the dependent plan of re-

survey has been combined with that of the existing original corners

previously identified, the adjustments of the temporary points in

latitude and departure may be made accordingly.

416. In cases of distortion, if the distorted lines are to be adopted

in the plan of dependent resurvey, it should be remembered that the

lengths of lines, when subject to double proportion, are comparable

only when reduced to cardinal equivalents or to equivalents along the

direct lines between the nearest existing comers.

417. Many situations will arise where it will be manifest that it is

better to accept a position based upon local interpretation rather than

to disturb satisfactory existing conditions. The engineer will endeavor

to avoid disturbing the position of locally recognized lines when such

action may adversely affect improvements. At the same time extreme

caution will be exercised in the matter of adopting local points of

control, which when accepted must be given, as above stated, a

significance similar to that of an original corner. The acceptance of

duly qualified and locally recognized points of control should aid

materially in obtaining simplicity of resurvey and avoid the need for

special metes-and-bounds surveys (as hereinafter described), which

would differ only slightly in position from the regular lines of the

resurvey. In this manner a flexibility will be introduced in the plan

of the dependent resurvey, at least to the point of protecting satis-

factory local adjustments. Section 379.

418. The engineer should fully understand that the field of influence

to be exercised by any acceptable location must be restricted to that

already covered in a larger way by the existing evidences of the

original survey, and that the adjustive process is of more or less local

application. In this connection, it should be noted that the record

of the original survey can not be abandoned in favor of an indis-

criminate adoption of property corners unrelated to the original

survey.

414
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engineer may proceed with full assurance of the adequacy of the plan. 
Otherwise, the question of other processes analogous to those of an 
independent resurvey or to the amendment of description (as here
inafter explained) must be considered. 

If two or more claims are acceptably located, but are discordantly 
related to each other to a considerable degr('e (by virtue of irregularities 
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to avoid disturbing the position of locally rccogniz('d lines wh('n such 
action may adversely affect improvements. At tIl(' same time pxtreme 
caution will be exercised in the matter of adopting local points of 
control, which when accepted must be giv('n, as above stated, a 
significance similar to that of an original cornpr. The acceptance of 
duly qualified and locally recognized points of control should aid 
materially in obtaining simplicity of resurvey and avoid the need for 
special metes-and-bounds surveys (as hereinafter described), which 
would differ only slightly in position from the r('gular lines of the 
resurvey. In this manner a flexibility will be introduc('d in the plan 
of the dependent resurvey, at least to the point of protecting satis
factory local adjustments. Section 379. 

418. The engineer should fully understand that the field of influence 
to be exercised by any acceptable location must be restricted to that 
already covered in a larger way by the existing evidences of the 
original survey, and that the adjustive process is of more or less local 
application. In this connection, it should be noted that the record 
of the original survey can not be abandoned in favor of an indis
crimioote adoption of property corners unrelated to the original 
survey. 
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419. Thus when the bona fide rights are found to have been defi-

nitely established with reference to the location of lands the position

of which can not otherwise be fully demonstrated by existing evidence

of the original survey, the theoretical point determined by the primary

control will be set aside in favor of a near-by duly qualified correspond-

ing point, the position of which has been agreed upon by the adjoining

property owners. Such a point may then be recognized as the best

available evidence of the true position for the corner. Chief among

this class of evidence forming the basis of the recognized position of

land boundaries are recorded monuments established by local sur-

veyors, duly agreed upon by the interested property owners; the posi-

tion of boundary fences determined in the same manner; and the lines

of public roads and drainage or irrigation ditches, when intended to

be located with reference to the subdivisional fines. The local record

in these cases, when available, may furnish evidence of the original

survey. If a point qualifies as above, the presumption is strong that

its position bears satisfactory relation to the original survey and that

its correctness can not be successfully disputed. Points which

actually qualify may be accepted as the best available evidence of the

true position of the original survey. Section 379.

420. The field-note record of the resurvey should clearly set forth

the reasons for the acceptance of a local point, where unofficial de-

terminations of the above character do not represent actual marks of

the original survey. Such recognized and acceptable local marks

will be preserved, and described; where they are monuments of a dur-

able nature, they will be fully described in the field notes and a full

complement of the required accessories recorded, but without disturb-

ing or remarking the existing monument. New monuments will be

established if required for permanence, in addition to, but without

destroying the evidence of, the local marks.

Reestablishment of True Lines

421. The final calculations for the corners that are to be treated as

lost will be based upon the known position of the corners of the general

control as thus adopted, upon the plan of proportionate measurement,

as provided in chapter V. The result of this process balances in

regular proportion the differences between the measurements shown

in the record of the original survey and those derived in the retrace-

ment. Thus the true lines of the dependent resurvey are determined

through the influence exercised by the identified existent corners of

the original survey, other identified calls of the record, and such

collateral evidence of the position of recognized land boundaries as

may properly be adopted-for such influence.

421
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419. Thus when the bona fide rights are found to have been defi
nitely established with reference to the location of lands the position 
of which can not otherwise be fully demonstrated by existing evidence 
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survey. If a point qualifies as above, the presumption is strong that 
its position bears satisfactory relation to the original survey and that 
its correctness can not be successfully disputed. Points which 
actually qualify may be accepted as the best available evidence of the 
true position of the original survey. Section 379. 

420. The field-note record of the resurvey should clearly set forth 
the reasons for the acceptance of a local point, where unofficial de
terminations of the above character do not represent actual marks of 
the original survey. Such recognized and acceptable local marks 
will be preserved, and described; where they are monuments of a dur
able nature, they will be fully described in the field notes and a full 
complement of the required accessories recorded, but without disturb
ing or remarking the existing monument. New monuments will be 
established if required for permanence, in addition to, but without 
destroying the evidence of, the local marks. 

Reestablishment of True Lines 

421. The final calculations for the corners that are to be treated as 
lost will be based upon the known position of the corners of the general 
control as thus adopted, upon the plan of proportionate measurement, 
as provided in chapter V. The result of this process balances in 
regular proportion the differences between the measurements shown 
in the record of the original survey and those derived in the retrace
ment. Thus the true lines of the dependent resurvey are determined 
through the influence exercised by the identified existent corners of 
the original survey, other identified calls of the record, and such 
collateral evidence of the position of recognized land boundaries as 
may properly be adopted.for such influence. 
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422. The field procedure incident to the running and measurement

of the true lines of the dependent resurvey will conform to the require-

ments of chapter II, while the marking of lines between corners and

the notation of objects to be recorded will conform to the provisions of

chapter III, and the monumentation of the survey will comply with

chapter IV. The technical record of the resurvey will be broadened

appropriately to show the relationship between the original survey

and the reestablished lines.

The limit of closure that is prescribed in section 234 will be observed,

stressing the need for greater accuracy, especially in the measure-

ments, which largely govern the restoration of lost corners.

423. The field note description of an identified or accepted corner

will be introduced into the technical record of the resurvey at the

place in the true line notes where the position for the corner is indi-

cated as having been attained. The record will embrace:

(a) A complete description of the remaining evidence of the

original monument;

(b) A complete description of the new monument;

(c) A complete description of the original accessories as identified;

(d) A complete description of the new accessories;

(e) A concise statement relating to the recovery of a corner based

upon identified line trees, blazed lines, items of topography, or

other calls of the field notes of the orig:nal survey, in the absence

of evidence of the monument or its accessories; and,

(/) A statement of fact relating to the relocation of an obliterated

monument; or a statement of the determining features leading to

the acceptance of a recognized local comer.

424. General titles (in addition to the regular page heading) will

be inserted in the field notes of dependent resurveys to indicate the

character of the resurvey, the technical record of which follows.

Such titles will be inserted in the body of the field notes, as appro-

priate, and will show the name of the original surveyor and the year

in which the original survey was executed; as, for example:

Reestablishment of the surveys executed by John B. Smith, U. S. Surveyor, in 1842,

and additional memoranda will be added as appropriate, explana-

tory of the method of control adopted in the restoration of one or

more lost corners.

425. In addition to the usual data, the plat should carry a marginal

memorandum that duly qualifies the character of the dependent

resurvey, also a reference to the previous plat (or plats) to which

it is related.

For example, in the case of a whole township completely resurveyed,

the following general statement will be applicable:

422
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422. The field procedure incident to the running and measurement 
of the true lines of the dependent resurvey will confonn to the requir('
ments of chapter II, while the marking of lines between corn('rs and 
the notation of objects to be recorded will confonn to the provisions of 
chapter III, and the monumentation of the surrey will comply with 
chapter IV. The technical record of the resurrey will be broadened 
appropriately to show the relationship between the original survey 
and the reestablished lines. 

The limit of closure that is prescribed in section 234 will be observed, 
stressing the need for greater accuracy, especially in the measure
ments, which largely govern the restoration of lost corners. 

423. The field note description of an identifi('d or accepted corner 
will be introdu('('d into the technicnl record of the resurvey at the 
plnce in the true line notes where the position for the corner is indi
cated as having been attained. The r('cord will ('mbrace: 

(a) A compl('te description of the remaining evidence of the 
original monument; 

(b) A complete description of the new monum(,Ilt; 
(c) A complete description of the original nccessories as id('ntified; 
(d) A complete d('scription of the new acc(,,ssories; 
(e) A concis(' statement relating to the recovery of a corner based 

upon identified line trees, blazed lines, it·ems of topography, or 
other calls of the field notes of tho orig:nal survey, in the absence 
of evidence of the monument or its nc('('ssori('s; and, 

(j) A statement of fact relnting to the r£'location of an obliterated 
monument; or a stat£'ment of tho d('termining features leading to 
the acceptance of a recognized local COnlC'r. 

424. General title.s (in addition to the r('gular page heading) will 
be inserted in the field notes of dependent resurveys to indicate the 
character of the resurvey, the technical record of which follows. 
Such titles will be inserted in the body of the field notes, as appro
priate, and will show the name of the original surveyor and the year 
in which the original survey was ex('cut£'d; as, for example: 

Reestablishment of the surveys executed by John B. Smith, U. S. Surveyor, in 1842, 

and additional memoranda will be added as appropriate, explana
tory of the method of control adopted in the restoration of one or 
more lost cornel'S. 

425. In addition to the usual data, the plat should carry a marginal 
memorandum that duly qualifies the character of the dependent 
resurvey, also a reference to the previous plat (or plats) to which 
it is related. 

For example, in the case of a whole township completely resurveyed., 
the following general statement will be applicable: 
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This plat represents a retracement and reestablishment of the original town-

ship boundary and subdivisional lines designed to restore all corners in their

ture original locations according to the best available evidence; and, excepting

as new or modified vacant subdivisions are shown hereon, the lottings and areas

are as shown on the plat (or plats) approved (date or dates).

If the original subdivisions were executed in two or more parts, or

where the township had not been completely resurveyed, the memo-

randum will be modified. A diagram may be added to clarify the

detail where desired to visualize the related lines of the resurvey to

those previously established.

The reference to modified lottings or areas will be omitted when

there are no exceptions.

A necessary additional citation will take the following form:

Survey executed by beginning , and com-

pleted , pursuant to special instructions for Group No. ,

dated

The desired historical references to the field notes and plats of the

earlier surveys, and to lines more recently resurveyed that form a

portion or portions of the plat outline, will be elaborated upon as

needed to clarify every feature of the resurvey, to be incorporated

in the introductory part of the field notes.

Additional Methods for the Protection of Bona Fide Rights

426. In the execution of a dependent resurvey there may possibly

arise rare cases where locally established corners controlling valuable

improvements are so discordantly related to the existing authentic

evidences of the original survey that such local corners can not qualify

for adoption as acceptable collateral evidence (sees. 414 and 417),

there being no legal authority for a disregard of the identified evi-

dence of the original survey. Sections 395, 397, and 402. The usual

appropriate treatment of this situation, where possible of application,

consists in an amendment of the entry (sec. 397) from the entered to

the occupied legal subdivisions in terms of the original survey.

These cases are decidedly exceptional in any township where regular

control has been developed by careful retracement and thorough

search. No general remedy has been devised other than that of

amendment of entry, and where such method appears to be imprac-

ticable the engineer will submit a detailed report of the conditions

found, with recommendation for precedure suited to the particular

situation to be dealt with and designed for protection to the claim-

ant's improvements, but on a plan that will not disturb those who

have acquired legal rights in the matter of consistent location.

A metes-and-bounds survey of an erroneous location cannot have

the legal effect of an amendment of the entry. No legal title can be

426
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This plat represent. a retracement and reestablishment of the original town
ship boundary and subdivisional lines designed to restore all corners in their 
ture original locations according to the best available evidence; and, excepting 
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randum will be modified. A diagram may be added to clarify the 
detail where desired to visualize the related lines of the . resurvey to 
those previously established. 

The reference to modified lottings or areas will be omitted when 
there are no exceptions. 

A necessary additional citation will take the following form: 
Survey executed by ________________ beginning ________________ , and com-

pleted ________________ , pursuant to special instructions for Croup No. ______ • 
dated __________________ . 

The desired historical references to the field notes and plats of the 
earlier surveys, and to lines more recently resurveyed that form a 
portion or portions of the plat outline, will be elaborated upon as 
needed to clarify every feature of the resurvey, to be incorporated 
in the introductory part of the field notes. 

Additional Methods for the Protection of Bona Fide Rights 

426. In the execution of a dependent resurvey there may possibly 
arise rare cases where locally established corners controlling valuable 
improvements are so discordantly related to the existing authentic 
evidences of the original survey that such local corners can not qualify 
for adoption as acceptable collateral evidence (sees. 414 and 417), 
there being no legal authority for a disregard of the identified evi
dence of the original survey. Sections 395, 397, and 402. The ,usual 
appropriate treatment of this situation, where possible of application, 
consists in an amendment of the entry (sec. 397) from the entered to 
the occupied legal subdivisions in terms of the original survey. 
These cases are decidedly exceptional in any township where regular 
control has been developed by careful retracement and thorough 
search. No general remedy has been devised other than that of 
amendment of entry, and where such method appears to be imprac
ticable the engineer will submit a detailed report of the conditions 
found, with recommendation for precedure suited to the particular 
situation to be dealt with and designed for protection to the claim
ant's improvements, but on a plan that will not disturb those who 
have acquired legal rights in the matter of consistent location. 

A metes-and-bounds survey of an erroneous location cannot have 
the legal effect of an amendment of the entry. No legal title can be 
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established by the occupancy of lands outside of the subdivisions

named in the entry, except where the adjoining lands are privately

owned, as adverse possession does not run against the United States,

and sooner or later the claimant would find himself without a complete

legal title to the lands upon which he had spent his labors. An

amendment of entry, when the occupancy and improvement do not

conform to the lines and subdivisions of the original survey, is the

only safe course.

Summary

427. A summary statement of the theory and practice of the

dependent resurvey with respect to one township as a unit will dem-

onstrate that attention should be given to certain minimum require-

ments as shown by the outline that follows.

The instrumental methods and the measurements are exactly as

required in the execution of original surveys, but there is stressed the

need for more than usual care in the determination of the length of

lines, which is so largely controlling in the restoration of lost corners.

The rules for the identification of existent corners, the acceptance

of collateral evidence with respect to obliterated corners, and for the

restoration of lost corners are specifically as outlined in chapter V.

The monumentation in all respects is as required on original sur-

veys, supplemented by a field-note record of all necessary descriptions,

including the prior monumentation as identified by the physical

evidence, the collateral record, and the monuments as reconstructed.

In order to accomplish a dependent resurvey, the township bound-

ary lines are first retraced in their entirety, and completely restored

in their original position, exactly as established in the beginning.

This circumscribes the work to be done, and is usually carried out on

that plan unless some condition is developed that requires supporting

evidence that may be derived from the subdivisional surveys within

the adjoining townships, before concluding the restoration of the

township exteriors.

There follows a complete retracement of the interior lines. In

practice, as applied to the very early surveys whose dates run back as

much as 150 years in some cases, where resurvey is required, the

engineer will be concerned usually with two primary considerations,

which it is his responsibility to harmonize as far as that can be done

along legal methods, though he is not clothed with legal jurisdiction

to dispose of disputes, but rather to ascertain the facts in each situa-

tion. First, the restoration of what the record purports to be the

original conditions; and, second, the protection of the bona fide rights

of all claimants in the matter of their locations.

426
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amendment of entry, when the occupancy and improvement do not 
conform to the lines and subdivisions of the original survey, is the 
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Summary 

427. A summary statement of the theory and practice of the 
dependent resurvey with respect to one township as a unit will dem
onstrate that attention should be given to certain minimum require
ments as shown by the outline that follows. 

The instrumental methods and the measurements are exactly as 
required in the execution of original surveys, but there is stressed the 
need for more than usual care in the determination of the length of 
lines, which is so largely controlling in the restoration of lost corners. 

The rules for the identification of existent corners, the acceptance 
of collateral evidence with respect to obliterated corners, and for the 
restoration of lost corn('rs are specifically as outlined in chapter V. 

The monumcntation in all respects is as required on original sur
veys, supplemented by a field-note record of all necessary descriptions, 
including the prior monumentation as identified by the physical 
evidence, the collateral record, and the monuments as reconstructed. 

In order to accomplish a dependent resurvey, the township bound
ary lines are first retraced in their entirety, and completely restored 
in their original position, exactly as cstn blished in the beginning. 
This circumscribes the work to be done, and is usually carried out on 
that plan unless some condition is developed that requires supporting 
evidence that may be derived from the subdivisional surveys within 
tho adjoining townships, before concluding the restoration of the 
township exteriors. 

There follows a complete retracement of the interior lines. In 
practice, as applied to the very early surveys whose dates run back as 
much as 1.10 years in some cases, where resurvey is required, the 
engineer will be concerned usually with two primary considerations, 
which it is his responsibility to harmonize as far a.s that can be done 
aiong legal methods, though he is not clothed with legal jurisdiction 
to dispose of disputes, but rather to ascertain the facts in each situa
tion. First, the restoration of what the record purports to be the 
original conditions; and, second, the protection of the bona fide rights 
of all claimants in the matter of their locations. 
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The first requirement must be fulfilled with reference to the evi-

dence of the original survey; in this the discovery and identification

of original monuments, marks, and corner positions is paramount,

bearing in mind that frequently there may be only a few remaining

original marks and that each additional supporting evidence adds

manifest conclusiveness to the resurvey. This stage of the evidence

is regarded as the basic control.

Second, there is not much that can be added in this summary,

without undue repetition, in respect to the property rights of the land-

owners, entrymen, or other claimants, excepting to emphasize that

the engineer is in exactly the same position as the local surveyor, and

is bound by the same rules. The county surveyor may enlist the

assistance of the county attorney, or the local court as needed; the

cadastral engineer reports to the regional or public survey office

when in doubt as to the procedure. The advice or instructions that

follow in either case must necessarily depend upon the facts as re-

ported by the surveyor. If the latter fails in his work, by oversight,

carelessness, or inexperience, the regional or public survey office, the

local attorney, or the court may be thereby misled, and the treatment

of the situation may be entirely inapplicable. This responsibility on

the part of the chief of field party calls for utmost thoroughness in

every detail.

An outline of the subject of retracements, entirely advisory in

character, for the information of county and other local surveyors,

with a brief reference to property rights under State law, is contained

in the Manual supplementâ��Restoration of Lost or Obliterated

Corners and Subdivision of Sections, 1939.3 The cadastral engineer

is bound by the same rules when engaged in official surveys. There

is sometimes an apparent overlap in jurisdiction, but in most cases

the distinction in the duties is clear.

An example of the nature of certain satisfactory qualifying evidence

(hypothetical, for illustration), and the needed computations con-

verting from the retracement data to the true line courses and dis-

tances: Manual Appendix VI.

A second short example (specimen field notes) of the introduc-

tory statements that are appropriate in the field notes, together

with extracts from the true line field notes to show the acceptable

forms of description applicable to a dependent resurvey: Manual

Appendix VIII.

Â« Superintendent of Documents, Government Printing Office, Washington, D. C.
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The, first requirement must be fulfilled with reference to the evi
dence of the original survey; in this the discovery and identification 
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local attorney, or the court may be thereby misled, and the treatment 
of the situation may be entirely inapplicable. This responsibility on 
the part of the chief of field party ca.lls for utmost thoroughness in 
every detail. 

An outline of the subject of retracements, entirely advisory in 
character, for the information of county and other local surveyors, 
with a brief reference to property rights under State law, is contained 
in the Manual supplement-Restoration of Lost or Obliterated 
Corners and Subdivision of Sections, 1939.2 The cadastral engineer 
is bound by the same rules when engaged in official surveys. There 
is sometimes an apparent overlap in jurisdiction, but in most cases 
the distinction in the' duties is clear. 

An example of the nature of certain satisfactory qualifying evidence 
(hypothetical, for illustration), and the needed computations con
verting from the retracement data to the true line courses and dis
tances: Manual Appendix VI. 

A second short example (specimen field notes) of the introduc
tory statements that are appropriate in the field notes, together 
with extracts from the true line field notes to show the acceptable 
forms of description applicable to a dependent reRurvey: Manual 
Appendix VIII. 

I Superintendent of Documents, Government Printing Oftloe, Wublngton, D. C. 
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THE INDEPENDENT RESURVEY

428. An independent resurvey is an official running and marking of

new township and section boundary lines without regard for the loca-

tion of the record lines and corner monuments, or other marks of the

prior survey which the independent resurvey is designed to supersede.

The independent resurvey may be effective only with respect to the

public lands and for that reason there necessarily must be an identi-

fication and suitable segregation of all entered or patented subdivisions

of the sections of the original survey which are not identical with the

corresponding legal subdivisions of the independent resurvey. Sec-

tions 563, 564, 565, 645, 646.

The independent resurvey is accomplished by three distinct steps:

(a) The reestablishment of the outboundaries of the lands subject

to resurvey, following the method of a dependent resurvey.

(6) The segregation of lands embraced in any valid claim where

the initial steps have been taken looking to the disposal of the title

of the United States based upon the former approved plat. The tract

segregations do not modify the private titles, but are designed to give

official recognition and respect to all such rights when required for the

identification of the remaining public lands.

(c) New exterior, subdivisional and meander lines as necessary,

established upon a new regular plan, which, for every purpose of

identification and description of the public lands involved, becomes

the prevailing survey.

Reestablishment of Outboundaries

429. The limiting boundaries of the lands subject to independent

resurvey must agree with the previously established and identified

exterior or subdivisional lines of the approved original surveys. In

order to qualify as a suitable limiting boundary as aforementioned,

a line of the accepted established surveys will be selected which can

be conclusively identified (by existing original or properly restored

comers) in one position to the exclusion of all others and which by its

known position adequately protects all rights (located in good faith

as hereinbefore defined) based upon any township plat showing sub-

divisions of the public lands adjacent to said boundary. Such out--

boundaries of the lands to be resurveyed by the independent process

must necessarily be retraced and reestablished in their true original

position. The lands upon one side of such outboundary are to be re-

subdivided upon a new plan, while upon the opposite side of such line

the original subdivisions are to be strictly maintained and none of the

original conditions are to be disturbed.
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tion of the record lines and corner monumC'nt.s, or other marks of the 
prior survey which the independent resurvey is designed to supersede. 
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430. The outboundaries are generally selected along the locus of

the previously established township exteriors where the existing evi-

dence gives positive proof of the location of the original survey, and

where conditions on the ground are harmoniously related to the record

of said original survey. In special cases certain section lines may fully

qualify as suitable lines to mark the limit of the independent resurvey;

such section lines will then be duly retraced and reestablished in their

true original position. Particular attention will be given to this very

important subject at the time when the field examination is made with

a view to maintaining the original survey as far as consistent. Sec-

tions 401, 436, 438.

431. In those cases where a proper limiting boundary can not be

secured without involving the necessity for the inclusion in the

group of a greater number of townships than administratively prac-

ticable to execute in one assignment, the necessity may arise for the

extension of tract segregations (as hereinafter outlined) into a town-

ship ungrouped for resurvey. In such cases, under specific authority

of the Bureau of Land Management, any tract found to extend across

such group outboundary will be segregated in full, whether or not the

tract was originally described as in the township to be resurveyed, and

the necessary official steps will thereupon be taken in the matter of

suspension of the lands in the adjoining township from further disposal

and of additional investigations with a view to a resurvey of all or a

portion of the said adjoining township. See second rule, section 445

432. The special instructions will show specifically what lines have

been selected to limit the dependent resurvey, the latter to restore the

boundaries of those sections where there are alienated lands. Where

making this change in method, the dependent resurvey will be re-

stricted to those sections where the retracements indicate that some

suitable control can be applied for the restoration of those section

boundaries. The retracement and reestablishment of the outboun-

daries of those sections concludes what may be termed the dependent

resurvey; this will precede the running of the remaining fines, termed

the independent resurvey, the latter being devoid of adequate control

that can be derived from the prior survey.

A special problem is presented in those situations where the Director

finds that it is advisable to cancel or annul a former accepted survey

because of the showing of gross irregularities, such as badly distorted

section boundaries whose lengths and directions are unreasonably at

variance with the record, usually coupled with the fact that some of

the lines never had actual existence in fact. The cancellation action

can be taken only by the Director, and requires ample justification to

show that even though the monuments may be identified in portions

of the area, the lines when restored under the rules for proportionate

700004'â��*7 22
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measurement do not constitute an acceptable basis for the identifica-

tion of the remaining public land. This applies to the public land, and

has no bearing on the identification of the alienated subdivisions

described in terms of the prior survey.

The abandonment of a former survey that is marked on the ground

requires that the location of the existing monuments be determined

by direction and length of line connecting to the nearest new monu-

ment, then treated as in section 163. See also section 459.

A factual statement will be required in the field-note record of the

independent resurvey to show what proof has been established that

the corresponding lines of the prior record-survey have no actual

existence in fact, especially that no corner monuments have been

overlooked, disregarded, or otherwise ignored. This is always at the

risk of failure to find some of the record monuments. Where that

does happen there is created the confusion that results from the exist-

ence on the ground of two sets of monuments which by record are

there to mark similar described subdivisions. The field notes of the

resurvey, of course, clear the conditions, but the situation is not so

readily evident to the settler, nor to the local surveyor who may not

be supplied with the field notes.

433. Where the lines of the independent resurvey are not to be

initiated or closed upon the restored original corners of the out-

boundaries, said restored corners will be marked only with reference

to the township, range and section to which they will thenceforth

relate, and new regular corners of minimum control will be established

as necessary to govern the lines of the independent resurvey, all as

provided in section 164. During the preliminary stages of the resur-

vey there will often be more or less doubt as to whether an old corner

will retain its former control or will have to bo altered, and until this

uncertainty has been removed the marking of a corner and its acces-

sories should be deferred. The monumentation will follow the final

determination of the future significance of each point. Where an old

point is to be perpetuated merely to control the former alinement,

but not the corner of a subdivision, its future significance will be that

of an "angle point" only and the monument and its accessories will

be marked accordingly.

Metes-and-Bounds Survey of Private Claims

434. After the reestablishment of the outboundaries of the lands

subject to independent resurvey has been accomplished in accord-

ance with the requirements of the special instructions, the engineer's

attention will be directed to the segregation or marking out of all duly

entered, selected, reserved (in certain cases), granted, or patented

432

330 MANUAL OF SURVEYING INSTRUCTIONS 

measurement do not constitute an acceptable basis for the identifica
tion of the remaining public land. This applies to the public land, and 
has no bearing on the identification of the alienated subdivisions 
described in terms of the prior survey. 

The abandonment of a former survey that is marked on the ground 
requires that the location of the existing monuments be determined 
by direction and length of line connecting to the nearest new monu
ment, then treated as in section 163. See also section 459. 

A factual statement will be required in the field-note record of the 
independent resurvey to show what proof has been established that 
the corresponding lines of the prior record-survey have no actual 
existence in fact, especially that no corner monuments have been 
overlooked, disregarded, or otherwise ignored. This is always at the 
risk of failure to find some of the record monuments. Where that 
does happen there is created the confusion that results from the exist
ence on the ground of two sets of monuments which by re('ord are 
there to mark similar described subdivisions. The field notes of the 
resurvey, of course, clear the conditions, but the situation is not so 
readily cvident to the settler, nor to the local surveyor who may not 
be supplied with the field notes. 

433. Whcre the lines of the independent resurvey are not to be 
initiatcd or c.los('d upon the restor('d original comers of tho out
boundarics, said restored corners will be marked only with reference 
to the township, range and section to which they will thenceforth 
relate, and new regular corners of minimum control will be established 
as necessary to govern the lines of the independent resurvey, all as 
provided in section 164. During the preliminary stages of the resur .. 
vey there will often be more or less doubt as to whether an old corner 
will retain its former control or will have to bo altered, and until this 
uncertainty has been removed the marking of a corner and its acces
sories should be deft'rred. The monumentation will follow the final 
determination of the future significance of each point. "lwre an old 
point is to be perpetuated merely to control the former alinement, 
but not the corner of a subdivision, its future significance will be that 
of an "angle point" only and the monument and its accessories will 
be marked accordingly. 

Metes-and-Bounds Survey of Private Claims 

434. After the rccstnblishment of the outboundaries of the lands 
subject to iudcpendent resurvey has becn accomplished in accord
ance with the requirempnts of the special instructions, the engineer's 
attention will be directed to the segregation or marking out of all duly 
entered, selected, reserved (in certain cases), granted, or patented 

432 

19 ize b 
Original from 

UNIVERSITY OF INNESOTA 



RESURVETS 331

lands whose description may be based upon the former approved plat,

and which can not be conformed to the lines of the resurvey.

435. A status diagram will be furnished to the engineer showing

all patented lands, valid entries, school sections, and other land

grants, and all other disposals, reservations, or selections of lands

whose position and description are based upon the original survey

and plat, and whose boundaries can not legally be disturbed. In

every case the various tracts shown upon the status diagram will

be protected either by individual "metes-and-bounds" survey or by

the assignment of appropriate subdivisions of the resurvey in case

the latter lines (new section lines, or center lines of sections or quarter

sections) are found to coincide or approximately agree with the bound-

aries of said tracts.

436. It is not to be understood that the metes-and-bounds survey

of private claims must be completed before beginning the projection

of the new lines of the independent resurvey. It has merely been

deemed logical to consider the subject of the tract segregations in

advance of the question of the establishment of new lines. The fact

is that engineers will find it expedient to carry both branches of the

survey along together in the locality of the camp or other field head-

quarters.

However, before making a tract segregation, and before the run-

ning of new section lines, it is necessary to make certain the dis-

crepancies are such that no adequate or satisfactory basis can be

shown for the restoration of the former section-line boundaries as a

whole. The plan of the independent resurvey must be such that no

lines, monuments, or plat representation will duplicate the descrip-

tion of any previous section where disposals have been made.

Sections 401, 455. The record field notes and plat representing the

prior survey of the remaining sections, now regarded as fictitious,

fraudulent, or grossly erroneous beyond any tolerable limit, becomes

abandoned at this point insofar as future disposals may be concerned.

437. The jurisdiction of the Bureau of Land Management, the limit

of the authority of the engineer, and the bona fide rights of claimants,

where entered or patented lands are involved, remain absolutely the

same whether the resurvey is to be made upon the dependent or

independent plan. Thus where the independent type of resurvey

has been adopted as more feasible, identified corners of the original

survey in the immediate vicinity of lands to be segregated will be

employed for the control of the location of such lands. The question

of the good faith of the entryman will in every case be fully con-

sidered, as previously outlined in this chapter, and where the evi-

dence of the original survey is so obliterated that a charge of a lack

of good faith can not be brought against an entryman whose claim
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boundaries may differ from a theoretical location determined by

more rigid surveying rules, the available collateral evidence is to be

regarded as the best indication of the original position of the claim,

and the same will be employed as far as consistent for the control

of the section boundaries within which such claim is located. Sec-

tion 395.

438. Where there is acceptable evidence of the original survey, the

identification of the areas that have been disposed of must be the

same as would ordinarily be derived by the regular subdivision of

the section. The tracts which are to be segregated by metes-and-

bounds survey are those areas that can not be so identified, nor

conformed satisfactorily, those where amendment of description

appears not to be an available remedy, and those where the dis-

posals are found to be in conflict by overlap. Every corner of these

tracts will be marked by angle-point monumentation, and a tie made

to a corner of the resurvey. Section 452.

439. Where the engineer can not point out, by suitable identifica-

tion of the original surveys, the definite location of an entry based

upon the former approved plat, the claimant or owner of such lands

will be consulted as to the position of his boundary lines. The

boundaries of the private claim, so determined, will be fixed, as

between the private and public lands, subject to the official accept-

ance of the resurvey. Where dispute is encountered in regard to

the adjustment of the line between adjoining patented tracts, each

acceptably located under the rules already laid down, which can

not be reconciled or suitably disposed of by surveying process, the

tracts will be surveyed in conflict, as hereinafter provided, and so

shown on the resurvey plat; the questions arising out of such con-

flict will be given administrative review with the field notes of the

resurvey.

440. The owner of an unidentified claim will be called upon to

indicate the boundary lines thereof if possible, and in this connection,

should occasion arise, the engineer will explain the manner of ad-

justing differences between adjoining claims and what will constitute

an acceptable location of a claim. The latter condition demands a

form agreeing with the original entry, approximately regular bound-

aries, an area not widely inconsistent with that shown upon the

original plat, and a location as nearly correct as may be expected

from the existing evidence of the original survey, without over-

lapping into an adjoining township not subject to resurvey, except

as provided in section 431. In every case where the outboundaries

of the lands subject to "independent resurvey," have been reestab-

lished by the "dependent" or "restorative" plan, the subdivisions of
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a tract situated and originally described as along or upon the op-

posite sides of such outboundary must agree with the line reestablished

and harmonize in relative position.

441. In the execution of an independent resurvey, therefore, the

identity of each tract to be segregated therein or indicated by con-

formation to the lines of the resurvey, whether patented or unpat-

ented, must be maintained, and the engineer will not be allowed to

change materially the configuration of a tract as shown by its original

description in order to indemnify the owner thereof against deficien-

cies in area, to eliminate conflicts between entries, or for any other

purpose. If improvements have been located in good faith, the tract

survey should be so executed, or the conformation to the lines of

the resurvey so indicated, as to cover as nearly as possible these

improvements and at the same time maintain substantially the form

of the entry as originally described. No departure from this rule

will be allowed.

442. The question of amendment of entries for the purpose of

permitting adjustments in terms of the resurvey involving lands not

included within the original tract is a matter for. adjudication by the

Bureau of Land Management after the resurvey has been accepted

and the plats thereof filed in the district land office.

443. In case of absentee owners an attempt should be made to

establish consultation, in order that the claimant may point out the

lands subject to a metes-and-bounds survey. If the owner cannot be

found and there is no visible indication, such as a boundary fence, of

the location of the limits of a claim, the engineer will exercise the

alternative of locating the claim from the nearest original point of

control or from a point of a neighboring claim, or of assigning to the

entered or patented lands the appropriate subdivisions of the resurvey,

all subject to the principles hereinbefore set forth. The controlling

factors in such locations will be based upon the individual and neigh-

borhood improvements (such as buildings, wells, springs of water,

cultivated lands, public roads, fences, corners of recognized private

surveys, etc.) which may indicate the evident intention of the entry-

man or patentee as to the position of his land.

444. Each nonconformable valid claim in a township will be given

a serial tract number, commencing with No. 37 in the smallest num-

bered and entered section of the original plat, progressing through the

township in the order in which lots and sections are numbered. A

tract number will be used but once in a township, and if any tract

lies partly in two or more townships subject to resurvey the number

applied to the tract in the first township resurveyed will not be used

for other tracts in the adjoining township.
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a tract situated and originally described as along or upon the op- . 
posite sides of such outboundary must agree with the line reestablished 
and harmonize in relative position. 

441. In the execution of an independent resurvey, therefore, the 
identity of each tract to be segregated therein or indicated by con
formation to the lines of the resurvey, whether patented or unpat
ented, must be maintained, and the engineer will not be allowed to 
change materially the configuration of a tract as shown by its original 
description in order to indemnify the owner thereof against deficien
cies in area, to eliminate conflicts between entries, or for any other 
purpose. If improvements have been located in good faith, the tract 
survey should be so executed, or the conformation to the lines of 
the resurvey so indicated, as to cover as nearly as possible these 
improvements and at the same time maintain substantially the form 
of the entry as originally described. No departure from this rule 
will be allowed. 

442. The question of amendment of entries for the purpose of 
pennitting adjustments in t(,nTIS of the resurvey involving lands not 
included within the original tract is a matter fot: adjudication by the 
Bureau of Land Management after the resurvey has been accepted 
and the plats thereof filed in the district land office. 

443. In case of absentee own('rs an attempt should be made to 
establish consultation, in order that the claimant may point out the 
lands subject to a metes-and-bounds survey. If the owner cannot be 
found and there is no visible indication, such as a boundary fence, of 
the location of the limits of a claim, the engineer will exercise the 
alternative of locating the claim from the nearest original point of 
control or from a point of a neighboring claim, or of assigning to the 
entered or patented lands the appropriate subdivisions of the resurvey, 
all subject to the principles hereinbefore set forth. The controlling 
factors in such locations will be based upon the individual and neigh
borhood improvements (such as buildings, weHR, springs of water, 
cultivated lands, public roads, fences, corners of recognized private 
surveys, etc.) which may indicate the evident intention of the entry
man or patentee as to the position of his land. 

444. Each nonconformable valid claim in a township will be given 
a serial tract number, commencing with No. 37 in the smallest num
bered and entered section of the original plat, progressing through the 
township in the order in which lots and sections are numbered. A 
tract number will be used but once in a township, and if any tract 
lies partly in two or more townships subject to resurvey the number 
applied to the tract in the first township resurveyed will not be used 
for other tracts in the adjoining township. 
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445. The following rules will be observed in the execution of the

metes-and-bounds survey of all specially designated tracts:

1. Each claim, acceptably located, but at variance with the lines

of the resurvey, will be surveyed and monumented at each angle

point.

2. Where a portion of a claim is originally described as in a town-

ship not subject to resurvey, such portion of the claim will not be

surveyed by metes and bounds, provided the limiting boundary is

found to qualify as set forth in section 429. The portion of the claim

originally described as in the township to be resurveyed should ordi-

narily be denned in a position (either by segregation or conformation

to the lines of the resurvey) which is properly related to the identified

or restored corners on the limiting boundary. Sec. 431.

3. Where the boundaries of a claim are unacceptably located as

pointed out by the claimant, the engineer will proceed with a proper

survey of the tract in accordance with rules already stated which will

result in a suitable relation to the original survey, and the comers of

the tract as thus located will be monumented. If the claimant pro-

tests against such location, the engineer will request that the protest

be made in writing (to be submitted with the returns of the resurvey),

and will thereupon make an accurate connection with the corners of

the claim as unacceptably located, to be made the subject of a com-

plete report by the engineer, reviewing the facts with reference to the

question of location. As a further protection 3 to an entryman thus

unacceptably located see section 426.

4. Where, through a compliance by the engineer with the general

rules above laid down, the metes-and-bounds segregation of a claim

(or the conformation thereof to the lines of the resurvey) within the

field of an independent resurvey (or the related subdivisions within

the field of a dependent resurvey) fails to cover any or all of the lands,

occupied, improved, or claimed by the entryman, patentee, or present

owner, and the latter indicates a desire to amend his entry, that fact

will be stated in the field notes, and a separate full report will be

submitted describing the subdivisions actually occupied and sought

to be acquired under the amended entry, but which are not covered

by the tract as surveyed, all looking to the protection of the title to

the lands actually earned.8

5. Where it so happens that the regular quarter-quarter sections

embraced within a claim fall in approximately the same position as

the regular quarter-quarter sections of the resurvey, and the entry-

man or patentee indicates a desire to conform his claim to the resur-

vey, and no apparent objection is found by the engineer, the facts will

* Se* current regulations relating to amendment of entries.
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445. The following rules will be observed in the execution of the 
meles-and-bounds survey of all specially designated tracts: 

1. Each claim, acceptably located, but at variance with the lines 
of the resurvey, will be surveyed and monumented at each angle 
point. 

2. Where 8 portion of a claim is originally described a~ in a town
ship not subject to resurvey, such portion of the claim will not be 
surveyed by metes and bounds, provided the limiting boundary is 
found to qualify as set forth in section 429. The portion of the claim 
originally described as in the township to be resurveyed should ordi
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to the lines of the resurvey) which is properly related to the identified 
or restored corners on the limiting boundary. Sec. 431. 

3. Where the boundaries of a claim are unacceptably located as 
pointed out by the claimant, the engineer will proceed with a proper 
survey of the tract in accordance with rules already stated which will 
result in a suitable relation to the original survey, and the corners of 
the tract as thus located will be monumented. If the claimant pro
tests against such location, the engineer will request that the protest 
be made in writing (to be submitted with the returns of the resurvey), 
and will thereupon make an accurate connection with the corners of 
the claim 8.8 unacceptably located, to be made the subject of 8. com
plete report by the engineer, reviewing the facts with reference to the 
question of location. As a further protection 3 to an entryman thus 
unacceptably located see section 426. 

4. Where, through a compliance by the engineer with the general 
rules above laid down, the metes-and-bounds segregation of a claim 
(or the confoIDlation thereof to the lines of the resurvey) within the 
field of an independent resurvey (or the related subdivisions within 
the field of a dependent resurvey) fails to cover any or all of the lands, 
occupied, improved, or claimed by the entryman, patentee, or present 
owner, and the latter indicates a desire to amend his entry, that fact 
will be stated in the field notes, and a separate full report will be 
submitted describing the subdivisions actually occupied and sought 
to be acquired under the amended entry, but which are not covered 
by the tract as surveyed, all looking to the protection of the title to 
the lands actually earned.! 

5. Where it so happens that the regular quarter-quarter sections 
embraced within a claim fall in approximately the same position as 
the regular quarter-quarter sections of the resurvey, and the entry
man or patentee indicates a desire to conform his claim to the resur
vey, and no apparent objection is found by the engineer, the facts will 

• See current reiU1aUoni relatlnl to amendment of entriea. 
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be stated in the field notes, and the claim will be so indicated upon the

resurvey plat. Under this circumstance the metes-and-bounds survey

of the tract will be omitted. However, where any tract whose original

description includes any fractional lot, or where any part of a tract

falls upon any fractional lot of the resurvey, the tracts will be segregated

as a whole by metes-and-bounds survey, even though some or all of

the lines of the tract may coincide with certain subdivisional lines of

the resurvey.

No claim will be conformed to the lines of an independent resurvey

under an involved amended description which includes numerous

subdivisions smaller than the regular quarter-quarter section, except-

ing as completely surveyed and monumented.

6. Conflicting tracts, each acceptably located, will be surveyed and

monumented, and conflict shown upon the resurvey plat. Each

intersection of conflicting boundaries will be determined upon the

ground and recorded in the field notes, and the latter will show the

number of acres in conflict with each other tract. Sees. 657, 664.

7. The angle points of a tract will be designated by serial numbers

beginning with No. 1 at the northeast corner, and proceeding around

the claim, running westerly from the initial corner. An angle point

may be common to one, two, three, or four tracts, and will be monu-

mented and marked as provided in chapter IV; as for example:

AP 4

TR 38

AP 3 T26N RI7E T26NRI7E

TR 37

H M II

SI4

AP I

TR 45

1919 1919

T26 N

S

R I7E

14

AP 1

TR 38

AP 2

TR 37

AP I

AP 2

TR 46 TR 38 TR 37 TR 37

1919

8. No accessories will be required with the monuments at the angle

points of the metes-and-bounds survey.

446. The regional office will furnish the engineer with an ab-

stract of the valid entries, 'selections, reservations, patents, and

grants, based upon the original plat of any township (or portion

thereof) subject to resurvey. The resurvey cannot be regarded as

complete until each and every claim described in said abstract of

entries (and shown on the status diagram) as in the township to be

resurveyed has received full protection in the matter of location.

Aside from those disposals described as in the township to be resur-

veyed, there may also be furnished to the engineer, as a matter of

information when needed, the status of all claims in the adjacent

sections of the adjoining townships ungrouped for resurvey. The ab-

stract will be included with the other data to accompany the written

special instructions providing for a resurvey.
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be stated in the field notes, and the claim will be 80 indicated upon the 
resurvey plat. Under this circumstance the metes-and-bounds survey 
of the tract will be omitted. However, where any tract whose original 
description includes any fractional lot, or where any part of a tract 
falls upon anyfractionallot of the resurvey, the tracts will be segregated 
as a whole by metes-and-bounds survey, even though some or all of 
the lines of the tract may coincide with certain subdivisionallines of 
the resurvey. 

No claim will be conformed to the lines of an independent resurvey 
under an involved amended description which includes numerous 
subdivisions smaller than the regular quarter-quarter section, except
ing as completely surveyed and monumented. 

6. Conflicting tracts, each acceptably located, will be surveyed and 
monumented, and conflict shown upon the resurvey plat. Each 
intersection of conflicting boundaries will be determined upon the 
ground and recorded in the field notes, and the latter will show the 
number of acres in conflict with each other tra.ct. Secs. 657, 664. 

7. The angle points of a tract will be designated by serial numbers 
beginning with No.1 at the northeast corner, and proceeding around 
the claim, running westerly from the initial corner. An angle point 
may be common to one, two, three, or four tracts, and will be monu
mented and marked as provided in chapter IV; as for example: 

AP 4 AP 3 
TR 38 TR 37 

AP AP 2 
TR 45 TR 46 

1919 

T 26 N R 17 ( 
S 14 

AP I lAP 2 
TR 38 TR:n 

1919 

T26N RI7E 

~
PI 

514 
TR37 

1919 

8. No accessories will be required with the monuments at the angle 
points of the metes-and-bounds survey. 

446. The regional office will furnish the engineer with an ab
stract of the valid entries, 'selections, reservations, patents, and 
grants, based upon the origina.l plat of any township (or portion 
thereof) subject to res~ey. The resurvey cannot be regarded as 
complete until each and every claim described in said abstract of 
entries (and shown on the status diagram) as in the township to be 
resurveyed has received full protection in the matter of location. 
Aside from those disposals described as in the township to be resur
veyed, there may also be furnished to t~e engineer, as a matter of 
information when needed, the status of all claims in the adjacent 
sections of the adjoining townships ungrouped for resurvey. The ab
stract will be iricluded with the other data to accompany the written 
special instructions providing for a resurvev. 
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Field Notes and Plat

447. The field notes of the metes-and-bounds survey of each valid

claim will be preceded by a copy of the abstract of entry. A brief

statement will then follow in each instance (or with suitable refer-

ence), concerning the principal factors controlling the location of

the particular tract, and whether or not the claimant was consulted,

or communicated with, in the matter of the identification of the

boundaries of his claim. The statement should be clear as to whether

the location of a claim, shown either as a tract segregation or as

conforming to the lines of the resurvey, was controlled by collateral

evidence, or by one or more identified corners of the original survey,

nearby or remotely located, or by its relation to adjoining tracts. In

case all of the tract segregations within a township can be covered

by one general statement, the same should appear at the beginning

of the field notes of the metes-and-bounds surveys. The field notes

should be made to account for each and every tract shown upon the

status diagram

448. AH claims should be accounted for on the plat of an inde-

pendent resurvey and all will be shown either nr s iregated tracts or

as conforming to the lines of the resurvey, as tl e ase may be, with

outline indicated by heavy black lines. An oxc ption to this rule

will be made in those rare cases where all the claims within a town-

ship have been conformed to the lines of the resurvey under their

original description, in which event a statement may be made on

the margin of the plat thatâ��

All claims originally described as in this township are intended to conform to

the lines of the resurvey under their original description.

449. The additional memorandum that is placed on the plat of the

independent resurvey must necessarily be designed to clarify its very

special and unusual character, especially to the effect that a former

record plat that bears the same township and range numbers, pre-

sumably representing the same, or approximately the same area, has

been annulled by official action as the basis for the identification,

administration, or disposal of the vacant or unappropriated public

lands, and that in protection to whatever rights may have been ac-

quired based upon the cancelled plat the locations have been identified

as nearly as can be in accordance with the marks of that survey.

The following should be regarded as a general suggestion:

This plat represents a resurvey which is independent of and that supersedes,

so far as the public lands are concerned (hereon indicated by new subdivisional

lines, lottings, and areas) all such similar units that are shown upon the plat (or

plats) approved (date or dates).

All tract segregations shown hereon represent the position and form of said

tracts under the original description as referred to the original survey, located

447
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Field Notes and Plat 
447. The field notes of the metes-and-bounds survey of each valid 

claim will be preceded by a copy of the abstract of entry. A brief 
statement will then follow in each instnnco (or with suitable refer
ence), concerning the principal faetort'; cont.rolling the location of 
t.he particular tract, and whet.her or not the claimant was consulted, 
or communicat.ed with, in the matter of tho identification of the 
boundaries of his claim. The stat.em('nt should b(' clear as t.o whether 
the lo('ation of a claim, shown either ns a tract segregation or as 
conforming to the lines of the resurvey, was controlled by collateral 
evidence, or by one or more identified ('orners of the original survey, 
nearby or remotely located, or by its rplation to adjoining tracts. In 
ease all of the tract segr<>gations within a township can be covered 
by one general statement, the same should apppar at the beginning 
of the field notes of the metes-and-bounds surveys. The fi<>ld notes 
should be made to account for each and every tract shown upon the 
st.atus diagram. 

448. All claims should be accounted for on t he plat of an inde
pendent resurvey and all will be shown ('ither fl" s -rregated tracts or 
as conforming to the lines of the resurn'y, as tl e .'tlse may be, with 
outline indicated by heavy black lines. An ('xc ·ption to this rule 
will be made in those rare cases where all the claims within a town
ship have been conformed to the lines of the resurvey under their 
original description, in which event a statement may be made on 
the margin of the plat that-

All claims originally dpl';cribed as in this township are intended to conform to 
the lines of the resurvey under thcir original dCHcription. 

449. The additional memorandum that is placed on the plat of the 
independent resurvey must necessarily be designed to clarify its very 
special and unusual character, especially to the effect that a former 
record plat tha.t bears the same township and range numbers, pre
sumably representing the same, or approximatl'iy the same ar('a, has 
been annulled by official action as the basis for the identification, 
administration, or disposal of the vacant or unappropriated public 
lands, and that in protection to whatever rights may have been ac
quired based upon the cancelled plat the locations have been identified 
HS nearly as can be in accordance with the marks of that survey. 

The following should be regarded as a general suggestion: 
This plat represcnts a resurvcy which is independent of and that supersedes, 

so far as the public lands are conccrned (hereon indicated by new 8ubdivisional 
lines, lottings, and areas) all such similar units that are f:!hown upon the plat (or 
plats) approved ________________________ (datc or dates). 

All tract segregations shown hereon represent the position and form of said 
tracts under the original description as referred to the original survey, located 
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as such units and marked on the ground according to the best available evidence

of their legal boundaries.

Where the boundaries of certain sections of the former survey have

been restored as the best identification and form of protection to the

alienated lands, and possibly including other sections entirely public

land whose boundaries have not been changed, the memorandum,

and the historical citations, will take the forms that are outlined in

section 460.

450. The above statement will be modified if one or more of the

claims shown on the status diagram are conformed to the lines of

the resurvey by different legal subdivisions, as follows:

All tract segregations shown hereon and all other claims shown to conform to

the lines of the resurvey, whether by the original or new legal subdivisions,

represent the position and form of said tracts under the original description as

referred to the original survey, located as such on the ground according to the best

available evidence of their true position.

451. The projection and measurement of the lines of th6 metes-and-

bounds survey and the technical record in respect to the same will

conform to the usual practice in regular surveys. The mapping of

important items of topography and valuable permanent improvements

will be given attention with regard to this f eature of the resurvey plat,

yet it will be apparent that the amount of data to be shown in con-

nection with the metes-and-bounds surveys makes it impossible, at

the usual scale, to show objects of little relative importance. This

class of data obtained during the progress of the work will not be

required in the field notes of metes-and-bounds surveys.

452. At least one angle point of each tract survey will be connected

with one of the regular corners of the resurvey, and where lines of

claims are intersected by lines of the resurvey a connection will be

made from the point of intersection to the nearest claim corner and

recorded in the field notes of the regular section line. The latter will

be considered a satisfactory connection to all adjoining claims located

within the interior of either section. Where an extensive system of

tract segregations has been surveyed, the interior tracts of the block

will not require connections. The establishment of closing corners on

the regular line when entering or leaving public land will conform to

the general practice in this respect as provided in section 191.

The Projection of New Lines

453. The problem of the subdivision of the remaining public lands,

where new section lines are to be established, may be studied best,

and the plan simplified, by reference to a lay-out which represents the

restoration of the former section-line boundaries where that has been

found practicable, plus the necessary tract segregations. If the report

453
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as such units and marked on the ground according to the best available evidence 
of their legal boundaries. 

Where the boundaries of certain sections of the former survey have 
been restored 88 the best identification and form of protection to the 
alienated lands, and possibly including other sections entirely public 
land whose boundaries have not been changed, the memorandum, 
and the historical citations, will take the forms that are outlined in 
section 460. 

450. The above statement will be modified if one or more of the 
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the resurvey by different legal subdivisions, as follows: 

All tract segregations shown hereon and all other claims shown to conform to 
the lines of the resurvey, whether by the original or new legal subdivisions, 
represent the position and form of said tlacts under the original description as 
referred to the original survey, located as such on the ground according to the best 
available evidence of their true position. 

451. The projection and measurement of the lines of the metes-and
bounds survey and the technical record in respect to the same will 
conform to the usual practice in regular surveys. The mapping of 
important items of topography and valuable permo.n£'ut improvements 
will be given attention with regard to this feature of the resurvey plat, 
yet it will be apparent that the amount of data to be shown in con
nection with the metes-and-bounds surveys makes it impossible, at 
the usual scale, to show objects of little relative importance. This 
class of data obtained during the progress of the work will not be 
required in the field notes of metes-and-bounds surveys. 

452. At least one angle point of each tract survey will be connected 
with one of the regular corners of the resurvey, and where lines of 
claims are intersected by lines of the resurvey 0. conll£'Ction will be 
made from the point of intersection to the n£'arrst claim corner and 
recorded in the field notes of the regular section line. The latter will 
be considered a satisfactory connection to all adjoining claims located 
within the interior of either section. Where an extensive system of 
tract segregations has been surveyed, the interior tracts of the block 
will not require connections. The establishment of closing corners on 
the regular line when entering or leaving public land will conform to 
the general practice in this respect 88 provided in section 191. 

The Projection of New Lines 

453. The problem of the subdivision of the remaining public lands, 
where new section lines are to be established, may be studied best, 
and the plan simplified, by reference to a lay-out which represents the 
restoration of the former section-line boundaries where that has been 
found practicable, plus the necessary tract segr('gations. If the report 
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of the field examination was sufficiently explicit as to the factual data,

it should include a plan for incorporation in the special instructions.

If the conditions have not been ascertained, the resurvey must be

resolved into two phases, first that incident to the identification of the

alienated lands, and second the question of the subdivision of the

remaining public lands. The latter plan must be deferred until the

first phase of the resurvey has been accomplished.

454. A problem involving the resubdivision of vacant public lands,

as in an independent resurvey, should be approached in the same way

as practically all problems in fragmentary subdivision, though the

independent resurvey may at times involve the resubdivision of a

group of many townships wherein all conditions, except perhaps with

relation to the tract segregation surveys, may be comparatively

regular. First attention will be given to completing the new township

exteriors which are to be independently resurveyed after having

reestablished the outboundaries of the group on the dependent plan.

The new exteriors will be carried forward and completed in harmony

with the rules set forth in chapter III for the establishment of original

surveys. The new section lines will be run out and marked as in

regular or fragmentary subdivision as the situation may be and new

meander fines will be run as required. The new exterior and sub-

divisional lines will usually be extended across small blocks of tract

segregation surveys, noting connections as previously stated, and in

such cases the new lines and corners will be fully monumented regard-

less of the fact that some points will fall within the tract segregation

surveys. The latter points are required in their usual function to

determine the subdivision of the public lands.

455. Where any aliquot part (vacant) of a newly created section

would normally have a description that duplicates the correspond-

ing part (alienated) of an original section bearing that same section

number, such part or parts of the new section will be given appro-

priate lot numbers. The new lot numbers will begin with the next

number above the highest numbered lot of that section of the prior

survey. Also, where there are new normal lottings in the sections

along the north and west boundaries of the township, those sections

not being restorations of the sections that bear the same numbers of

the prior survey (and same township and range), the lottings will be

given numbers beginning with the next higher number above those

that had been previously employed. Sections 401, 456.

The plan of running the .new section boundaries, and of creating

the needed new lottings, must be considered and perfected prior to

the marking of the corner monuments.

Some new sections may develop as an elongation in order to absorb

45S
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of the field examination was sufficiently explicit as to the factual data, 
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the discrepancy in the positions of the section-line boundaries as

between the old and the new survey. This will be taken care of in

the lottings of the new sections. This departure from normal is

made necessary by the discrepancies of the prior survey, where the

location of the alienated lands cannot be changed. Sections 498, 499.

A departure from the usual rule for lotting is necessary in order to

provide suitable descriptions within unpatented entries and selections

where such tract segregations may be subject to relinquishment or

cancellation, also in other cases, to facilitate a subdivision of isolated

tracts of public lands surveyed by metes and bounds. Two methods

have been found available, each one better suited to particular situ-

ations. Neither method involves any change in the instructions for

the field procedure heretofore laid down. The discussion of the

merits of the two methods and the examples of their use are better

adapted to the text of chapter IX, where the subject will be found

in connection with other details to be shown upon the resurvey plats.

Sections 651, 652, 655, 656.

456. Where a section of the resurvey is invaded by tract segrega-

tions, the lotting of the public lands will be carried out in accordance

with the usual plan of lotting within fractional sections as outlined in

chapter III. The numbering of the fractional lots will begin with

the number next higher than the highest number employed in the

section of the original survey which bears the. same township, range

and section number. This plan is intended to avoid any possible

confusion which might arise from a duplication in the use of the

same lot numbers.

457. The plan of the independent resurvey will be carefully

studied for the proper placing of all needed quarter-section corners,

both maximum control and minimum control, so as to provide for

the position of the center lines of all sections, restored and new.

Where two positions are found to come within less than half the closing

limit for a section as prescribed in section 234, the point first derived

as the appropriate position of the quarter-section corner of the

restored section boundaries will be given maximum control. This

rule is invoked in the interest of simplicity of survey and monumen-

tation.

458. The general requirements of chapters II, III and IV will be

fully observed in every respect throughout the execution of the

independent resurvey and in the technical record thereof. General

titles (in addition to the regular page heading) will be inserted in the

field notes to indicate clearly the character of the independent re-

survey, the technical record of which follows; such titles will be
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the discrepancy in the positions of the section-line boundaries as 
between the old and the new survey. This will be taken care of in 
the lottings of the new sections. This departure from normal is 
made necessary by the discrepancies of the prior survey, where the 
location of the alienated lands cannot be changed. Sections ~98, 499. 

A departure from the usual rule for lotting is necessary in order to 
provide suitable descriptions within unpatented entries and selections 
where such tract segregations may be subject to relinquishment or 
cancellation, also in other cases, to facilitate a subdivision of isolated 
tracts of public lands surveyed by metes and bounds. Two methods 
have been found available, each one better suited to particular situ
ations. Neither method involves any chang~ in the instructions for 
the field procedure heretofore laid down. The discussion of the 
merits of the two methods and the examples of their use are better 
adapted to the text of chapter IX, where the subject will be found 
in connection with other details to be shown upon the resurvey plats. 
Sections 651, 652, 655, 656. 

456. Where a section of the resurvey is invaded by tract segrega
tions, the lotting of the public lands will be carried out in accordance 
with the usual plan of lotting within fractional sections as outlined in 
chapter III. The numbering of the fractional lots will begin with 
the number next higher than the highest number employed in the 
section of the original survey which bears th~ same township, range 
and section number. This plan is intended to avoid any possible 
confusion which might arise from a duplication in the use of the 
same lot numbers. 

457. The plan of the independent resurvey will be carefully 
studied for the proper placing of all needed quarter-section corners, 
both maximum control and minimum control, so as to provide for 
the position of the center lines of all sections, restored and new. 
Where two positions are found to come within less than half the closing 
limit for a section as prescribed in section 234, the point first derived 
as the appropriate position of the quarter-section corner of the 
restored section boundaries will be given maximum control. This 
rule is invoked in the interest of simplicity of survey and monumen
tation. 

458. The general requirements of chapters II, III and IV will be 
fully observed in every respect throughout the execution of the 
independent resurvey and in the technical record thereof. General 
titles (in addition to the regular page heading) will be inserted in the 
field notes to indicate clearly the character of the independent re
survey, the technical record of which follows; such titles will be 
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inserted in the body of the field notes, as appropriate, and will show

the full significance of all lines; as for example:

(a) "Metes-and-bounds survey of private claims as originally located in accord

ance with the survey executed by John B. Smith, TJ. S. Surveyor, in 1842;" and

(T>) "independent resurvey, superseding the survey executed by John B. Smith.

U. S. Surveyor, in 1842."

459. All monuments of the original survey, not otherwise reported

upon, .when traces thereof have been found, will be connected by

course and distance with a corner of the resurvey, and such connec-

tion and a description of the traces of the original corner as identified

will be recorded in the field notes of the resurvey. A useless monu-

ment will be destroyed after the point is found to be no longer needed

for the survey of a claim of any kind whose location may in any way

depend upon such monument. Section 163.

460. If the whole township has been resurveyed, and where the plat

shows no sections whose boundaries as a whole have been restored by

dependent methods, a memorandum to qualify the nature of the inde-

pendent resurvey, and the reference to the prior plat (or plats) may

take the form that is given in section 449.

Where the boundaries of some of the sections have been restored

by dependent resurvey methods, and the remainder of the township

has been subdivided on a new plan that is independent of the prior

survey, the memoranda will be extended to make these facts clear,

as for example:

This plat represents a resurvey that combines restored boundaries of certain

sections with an entirely new subdivision of the remaining portions of the township

as follows:

The boundaries and corners of sees. , , , etc., (or certain sections)

restored to their true original locations according to the best available evidence,

and (excepting as new or modified vacant subdivisions are shown in these sections)

the lottings and areas in said sections are as originally shown on the plat (or plats)

approved (date or dates).

The remainder of the township has been subdivided by the running of new

lines and the marking of new corners, thereby annulling the former record lines

and corners with reference to the public lands remaining undisposed of, and

excepting for those tracts identified hereon, where these represent entered or

patented parts of sections shown on the plat (or plats) approved

(date or dates).

Where the phrase ."certain sections" is shown parenthetically in

the second paragraph above it is intended that if that form is employed

a diagram will be added to identify those sections that have been

restored, and those that have been independently resurveyed. Also,

where two or more former plats are involved the year date should

be indicated on the diagram. Referring to the same paragraph,
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inserted in the body of the field notes, as appropriate, and will show 
the full significance of all lines; as for example: 

(0) "Metes-and-bounds survey of private claims as originally located in accord 
&nee wtth the survey executed by John B. Smith, U. S. Surveyor, in 1842;" and 

(1)) 1ndependent resurvey, superseding the survey executed by John B. Smith. 
U. S. Surveyor, in 1842." 

459. All monuments of the original survey, not otherwise reported 
upon, .when traces thereof have been found, will be connected by 
cO'tirse and distance with a corner of "the resurvey, and such connec
tion and a description of the traces of the original corner as identified 
will be recorded in the field notes of the resurvey. A useless monu
ment will be destroyed after the point is found to be no longer needed 
for the survey of a claim of any kind whose location may in any way 
dt'pend upon such monument. Section 163. 

460. If the whole township has been resurveyed, and where the plat 
sholtlll no sections whose boundaries as a whole have been restored by 
dependent methods, a memorandum to qualify the nature of the inde
pendent resurvey, and the reference to the prior pJat (or plats) may 
take the form that is given in section 449. 

Where the boundaries of some of the sections have been restored 
by dependent resurvey methods, and the remainder of the township 
has been subdivided on a new plan that is independent of the prior 
survey, the memoranda wilJ be extended to make these facts clear, 
h~ for example: 

'T'his plat represents a resurvey that combines restored boundaries of certain 
secttUfJI'l with an entirely new subdivision of the remaining portions of the township 
as follows: 

The boundaries and corners of sees. ____ , ____ , ____ , etc., (or certa.in sections) 
restored to their true original locations according to the best available evidence, 
It.r.d (excepting as new or modified vacant subdivisions are shown in these sections) 
the lottings and areas in said sections are as originally shown on the plat (or plats) 
approved ____________ (date or dates). 

The remainder of the township has heen subdivided by the running of new 
lines and the marking of new corners, thereby annulling the former record lines 
and corners with reference to the public lands remaining undisposed of, and 
excepting for those tracts identi6ed hereon, where these represent entered or 
patented parts of sections shown on the plat (or plats) approved ___________ _ 
(date or dates). 

Where the phrase." certain sections" is shown parenthetically in 
the second paragraph above it is intended that if that form is employed 
a diagram will be added to identify those sections that have been 
restored, and those that have been independently resurveyed. Also, 
where two or more former plats are involved the year date should 
be indicated on the diagram. Referring to the same paragraph, 
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the parenthetical exception as to new or modified lotting or areas will

be omitted when there are no such exceptions.

The memoranda referred to in sections 448, 449, and 450, will be

supplied as appropriate.

A necessary additional citation will take the following form:

Survey executed by , beginning , and

completed , pursuant to special instructions for Group No. ,

dated .

It is important that the engineer make a careful study, during the

period of the field work, of sections 645 to 667, on the construction

of resurvey plats, to make certain that every possible condition has

been given all required consideration while in the field, and that all

necessary data has been secured.

The desired historical references to the field notes and plats of the

earlier surveys, to the lines more recently resurveyed that form a

portion or portions of the plat outline, to lines run and marked by the

county surveyor and similar surveys found acceptable for the identifi-

cation of tract boundaries, etc., will be carefully prepared to clarify

every feature of the resurvey, to be incorporated in the introductory

part of the field notes.

460
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the parenthetical exception as to new or modified lotting or areas will 
be omitted when there are no such exceptions. 

The memoranda referred to in sections 448, 44Q, and 450, will be 
supplied as appropriate. 

A necessary additional citation will take the following form: 
Survey executed by ----------------t beginning ________________ , and 

completed ________________ , pursuant to special instructions for Group No. ____ , 
dated __________________ . 

It is important that the engineer make a carefu1 study, during the 
period of the field work, of sections 645 to 667, on the construction 
of resurvey plats, to make certain that every possible condition has 
been given all required consideration while in the field, and that aU 
necessary data has been secured. . 

The desired historical references to the field notes and plats of the 
earlier surveys, to the lines more recently resurveyed that form a 
portion or portions of the plat outline, to lines run and marked by the 
county surveyor and similar surveys found acceptable for the identifi
cation of tract boundaries, etc., will be carefully prepared to clarify 
every feature of the resurvey, to be incorporated in the introductory 
part of the field notes. 
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SPECIAL INSTRUCTIONS

461. The detailed specifications for every survey assignment and

the basic information necessary for accomplishing the field work, are

set out in a written statement designated: "Special Instructions."

The special instructions are an important unit of the record relat-

ing to the survey and are prepared by the officer in administra-

tive charge of the work. Emphasis will be given to any provision in

the Manual which may be more or less unusual in application, but the

purpose is more especially to outline the extent of the work intended

and the method and order of procedure. The special instructions

will ordinarily be written in the third person, and, coupled with the

Manual, will contain the necessary specifications and information for

executing the survey.

462. The following arrangement of the subject matter will be ad-

hered to so far as may be appropriate:

1. Title: Special Instructions; Group No. ,

(State); nature of survey, and location by township, range, and

meridian.

2. Preliminary statement (bearing no address): In the execution

of the surveys included under Group No , (State)

the chief of field party is authorized and directed to make the described

examination, retracements, reestablisbment of points of control, sur-

veys, and resurveys hereinafter set out, and will be guided by the

Manual of Surveying Instructions, the provisions of the following
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SPECIAL INSTRUCTIONS 

461. The detailed specifications for every survey assignment and 
the basic infonnation necessary for accomplishing the field work, are 
set out in a written statement designated: "Special Instructions." 
The special instructions are an important unit of the record relat
ing to the survey and are prepared by the officer in administra
tive charge of the work. Emphasis will be given to any provision in 
the Manual which may be more or less unusual in application, but the 
purpose is more especially to outline the extent of the work intended 
and the method and order of procedure. The special instructions 
will ordinarily be written in the third person, and, coupled with the 
Manual, will contain the necessary specifications and information for 
executing the survey. 

462. The following arrangement of the subject matter will be ad
hered to so far as may be appropriate: 

1. Title: Special Instructions; Group No. ______ , ___________ _ 
(State); nature of survey, and location by township, range, and 
meridian. 

2. Preliminary statement (bearing no address): In the execution 
of the surveys included under Group No. ______ , ____________ (State) 
the chief offield party is authorized and directed to make the described 
examination, retracements, reestablishment of points of control, sur
veys, and resurveys hereinafter set out, and will be guided by the 
Manual of Surveying Instructions, the provlsions of the following 
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special instructions, and such supplemental instructions as may be

issued pursuant to the report of complications developed during the

progress of the work or by reason of additional authorization.

3. Office authority to proceed with the described field work is con-

tained in letter "E," (number), dated , based

upon the application of Reference will be made

to any appropriate citation of departmental or Bureau instructions

or authorization, or Â£o any special act of Congress relating to the

survey.

4. Appropriation: The costs of the field and office work incurred in

the execution of the surveys herein directed, within approved official

regulation, are payable from the appropriation: (give the exact title

of the applicable appropriation, fund, or deposit, together with cita-

tion of the act of Congress under which any such deposit has been

received).

5. Limit and character of work: Under this heading there will be

described by township, range, and meridian the lines which are to be

surveyed, together with designation by section numbers where parts

of townships are intended. If the work involves other than original

surveys, the statement will be extended to indicate the character of

the fragmentary survey, or the type of resurvey, or the nature of the

field examination, according to what has been authorized and what is

expected of the engineer. It will be desirable generally, except in the

case of strictly original surveys, to supply whatever supporting state-

ments there may be needed, taken from the authorization or else-

where in the record, for an understanding of the technical or legal

questions relating to the work. Where private rights may be involved,

which is often the case, the facts as known should be clearly brought

out, and a statement made of such rules of practice as may require

consideration in the field.

6. History of earlier surveys: Every new survey and all retrace-

ments and resurveys are predicated upon what has been previously

accepted, and to the end that the engineer may proceed with the new

work understandingly, a review of the established surveys will be car-

ried into the special instructions. Full explanations will be given in

the event of known or presumed complications.

7. Method and order of procedure: If the work to be done is

primarily the extension of the original surveys, the statement of it

will follow Manual principles and will be taken up in the following

order:

(a) Standard parallels and guide meridians;

(6) Township exteriors; and,

(c) Subdivisions, including a reference to the running of meander

lines if this class of work is expected, and to the subdivision of sections

if required in whole or in part.
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special instructions, and such supplemental instructions as may be 
issued pursuant to the report of complications developed during the 
progress of the work or by reason of additional authorization. 

3. Office authority to proceed with the described field work is con-
tained in letter HE," ________ (number), dated ____________ , based 
upon the application of _________________ . Reference will be made 
to any appropriate citation of departmental or Bureau instructions 
or authorization, or to any special act of Congress relating to the 
survey. 

4. Appropriation: The costs of the field and office work incurred in 
the execution of the surveys herein directed, within approved official 
regulation, are payable from the appropriation: (give the exact title 
of the applicable appropriation, fund, or deposit, together with cita
tion of the act of Congress under which any such deposit has been 
received). 

5. Limit and character of work: Under this heading there will be 
described by township, range, and meridian the lines which are to be 
surveyed, together with designation by section numbers where parts 
of townships are intended. If the work involves other than original 
surveys, the statement will be extended to indicate the char&ccter of 
the fragmentary survey, or the type of resurvey, or the nature of the 
field examination, according to what has been authorized and what is 
expected of the eng.ineer. It will be desirable generally, except in the 
case of strictly original surveys, to supply whatever supporting state
ments there may be needed, taken from the authorization or else
where in the record, for an understanding of the technical or legal 
questions relating to the work. Where private rights may be involved, 
which is often the case, the facts as known should be clearly brought 
out, and a statement made of such rules of practice as may require 
consideration in the field. 

6. History of earlier surveys: Every new survey and all retrace
ments and resurveys are predicated upon what has been previously 
accepted, and to the end that the engineer may proceed with the new 
work understandingly, a review of the established surveys will be car
ried into the special instructions. Full explanations will be given in 
the event of known or presumed complications. 

7. Method and order of procedure: If the work to be done is 
primarily the extension of the original surveys, the statement of it 
will follow Manual principles and will be taken up in the following 
order: 

(a) Standard parallels and guide meridians; 
(b) Township exteriors; and, . 
(c) Subdivisions, including a reference to the running of meander 

lines if this class of work is expected, and to the subdi"isioD of sections 
if required in whole or in part. 
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The instructions for each township should be completed separately,

and so far as practicable the work should be set out in the order in

which it is to be followed in the field. If there is any reason to antici-

pate complications, a statement of the treatment of the problem will

serve both to inform the engineer as to what may be expected and to

indicate the approved method that would be applied on the assumed

hypothesis. Where helpful to call attention to the Manual rules, the

references may be made by chapter and section numbers, but the

engineer is charged with the responsibility of an understanding of all

regular practice and familiarity with the Manual as a reference guide

in unusual cases, and the burden of this is not to be transferred to the

special instructions.

If the work involves other than original surveys, the responsibility

for a statement of the situation and for the formulation of detailed

specifications for the execution of whatever examinations, fragmentary

surveys, resurveys, topographic surveys, or special monumentation

may be required will pass to the author of the special instructions.

There follows in this chapter a discussion of a number of the more

usual types of special surveys, including subjects not appearing

heretofore.

8. Diagrams: In the case of original surveys a blue-print diagram

to accompany the special instructions will generally be desirable.

Ordinarily the diagram will be constructed on a scale of at least 80

chains to an inch, and should indicate the record surveys within 2

miles of the limiting boundaries of the group. The directions and

lengths of the established lines should be shown, together with the

principal topographical features. The new work will be shown dis-

tinctively, and the method of procedure should be indicated where

that will be helpful. All areas returned as surveyed will be clearly

represented, together with the status of any outlying areas which the

previous plats may show protracted as though surveyed.

All known claims or improvements or monuments of other official

surveys as indicated in paragraphs 5 and 13, section 236, chapter III,

will be noted in the special instructions. (See sec. 435, ch. VI, for

the requirement that a sttitus dit!*.?i'iun be furnished with the instruc-

tions for independent resurveys.)

As a precaution to insure that the necessary accuracy be secured

with reference to the topographic or map detail of ihe plat, or the

location of important springs, water holes, st ivair.n, and lakes; principal

ridges or divides between watersheds; developed or proposed range

improvement; etc.; the special instructions will be supplemented by

a status report, usually in the form of a diagram, showing all disposals

and withdrawals in the area to be surveyed or resurveyed. There

will also be supplied with the special instructions a list of the topo-
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The instructions for ('nch township should be completed sC'pnrately, 
and ~o fur as prncticabl(~ tIl(' WOI'k should hl' s(>t out in tlH' ord('r in 
which it is to he follmnd ill t IH' fidel. If tlWl'(' is IlIly 1'('aSOn to antici
pate complicntions, n stnt('lll('llt of thl' tr('ntm('nt of th(' prohl('m will 
serve both to inform tIl(' ('lll!ill('Pl' us to whnt muy be l'xpl'etpd and to 
indicate the nppl'Ov<'d IlIpthod that would 1)(' npplit'd 011 the nssumed 
hypothesis. 'YlH'rp IH'lpful to call nttl'lltioll to thl' ~[anual rnl('s, the 
references may be Illudt' hy chapter nnd section nUIllb('rs, but the 
engineer is charged with the )'('sponsibility of an understanding of all 
regular practic(' n.nd familiul'ity with the ~fanual as a r('fer('nee guide 
in unusual cns('sl nnt! the IHll'd(,u of this is not to be trunsf('rrcu to the 
special instructions. 

If til(' work inYolvl's oth('r than original surveys, the responsibility 
for 0. stat('ment of thl' sitllntiol1 and for the formulation of uetailed 
specifications for the l'xl'elltioll of whn.tever examillutions, frngmentary 
surveys, resurveys, topogl'upili(' survrys, or special Illonum('ntation 
may be required will PfiSR to th(' author of the ~pl'dul instructions. 
There follows in this ('hnptl·1' a discussion of a number of the more 
usual types of speciul surveys, including subjects not appearing 
heretofore. 

S. Diagrams: In tIl(' cUSP of original surveys a blll('-print diagram 
to accompany tlw sp(·l'in.! illstructions will gellerully be' (ksil'nble. 
'Ordinarily the ding-rum will be construct('d OIl a 8l'tdp of fit lpflst 8(\ 

chains to an inch, nnd shollid indil'at!' the record survpys within 2 
mil('s of the limiting- l)(llllldUl'it,;o; of tIl(' group. The dil'{,etions and 
lengthR of the estllhlish!·d lillI's should bt, shown, togdhpr with the 
prin('ipul topogmphi('nl f('u t III'('S, The H('W work will be shown dis
tinctivt'ly, nnd the Illl'thod of procedure should be illdi('utpd where 
that will be lll'lpful. All tln'us returned as surveyed will 1)(' l'h·arly 
repres('ntt.'d, tog('tlu'r with the status of any outlying Ul'l'aS whieh the 
previolls plats mny show prot rad ('d as though surveyed. 

All known claims or imprOYt'lllents or monum('nts of otlH'1' official 
surveys n·s indicnt<'d in pl1ntg-raphs 5 and 13, section 236, dlllptl'r Ill, 
will be noted in the spt'('iul ill:-:tl'lIctiolls. (Sl'e sec, ·l;~r" clI. \"1, for 
the requir('Jl\(·nt. tllnt. a stutus di:!;::I':l!l1 be furnished with tIl(' instruc
tions fOl' inut'IH'nd('ut rpsurv('ys.) 

As 0. precautioll to in~llre that till' Jl('('('~~nl'~T, !H'('U!'!\('Y be s('cured 
with reft'l'<'nct' to tilt' t(;pog-raplait, 01' nlllp (it-illil of lli(' plat, or the 
location of importnllt :-;pI'ill~S, wa t ('I' holl'=-. st I', 'it IL:-l. and lukes; principal 
ridges or divide'S b('(\\'(,t'll wHtt'I';o;lll'ds; d('v('loped or PI'Opos('u rnnge 
improv('ment; ('te.; til(' f.1})('('inl illstruct iOlls will b(' slIppit'ml'ntpd by 
a status rl'port, llsually ill tht' form of n diagram, showing all disposuis 
find withdrawnls in tlw nr('11 to be survey('d or n'slIrv('Yrd. There 
will also be supplieu with tlie speciul instructions a list of the topo-
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graphic maps, aerial photographs and other available data which may

be employed for the representation of important map features.

Streams upon which withdrawals for power sites or other purpose

have been made, or which appear to have potential value for such

use, and all other streams and ridges or principal divides which con-

stitute the boundaries of reserves, should be carefully located. If

additional mapping appears to require special attention in the field,

that fact will be indicated in the instructions. Sections 236,615,616.

9. Field notes, plats, and reports: The special instructions should

point out what will be expected in connection with the preparation

of the returns, with a view both to the specific understanding of what

will be required and to the noting of the subjects which are to be given

attention in the field. If anything is required in the way of a prelim-

inary report or diagram to be sent in during the progress of the work,

or if special lotting or other unusual matters are to be given consider-

ation at the time of the preparation of the final returns, attention will

be given to the same in the special instructions. There will also be

noted the necessity for returning, for official use, the original copy of

the special instructions, and all other papers which belong with the

office record, and the data that may be added in the field, including

the field computation sheets.

10. Modification of the instructions: The special instructions will

ordinarily be signed by the ranking supervising officer in direct admin-

istrative charge of the work to be done, and will close with the advice

that should conditions arise appearing to demand additional instruc-

tions, or require an interpretation of the instructions as issued, or

which apparently make the special instructions inapplicable as pre-

pared, the chief of field party will be expected promptly to submit a

report of the situation, with such recommendations for office consider-

ation as may be responsive to the authorization.

SUBDIVISION OF SECTIONS

463. If there is need for the subdivision of sections the subject will

be brought out in the special instructions, and if any unusual methods

are required the same will be noted. The most frequent examples

are those of Indian allotment surveys, subdivisions within reclamation

projects, the determination of boundaries between public and privately

owned lands of the national forests, subdividing sections for the pur-

pose of administering the act of June 1, 1938 (52 Stat. 609; 43 U. S.

C. sec. 682a), commonly known as the "Five-Acre-Tract Act," and in

various types of fragmentary surveys. Subdivisions of sections are

occasionally required to avoid a possibility of incorrect local survey,

and sometimes in lieu of a remonumentation of disputed section or
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graphic maps, aerial photographs and other available data which may 
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office record, and the data that may be added in the field, including 
the firld computation sheets. 
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quarter-section corner positions affecting patented lands. Wherever

so intended the subdivision-of-section lines will be run out in

accordance with the adopted sectional lottings, and the monuments

established.

464. The customary lottings are not to be found on many plats

of the very old surveys, and the information about the recognized

or adopted parts of the sections can be secured only by reference to

the record of the disposals. The latter will more frequently show a

disposal by aliquot parts, except within fractional sections, but often

without the usual complement of quarter-section corners regularly

established as under the practices set out in the several Manual

editions. An inquiry into the assigned areas will sometimes be the

only means of arriving at the intended disposals. In some very old

surveys the usual quarter-section corners were not established on all

true lines of survey, but the record will show instead that "half-mile"

points were marked on the random line and not corrected to the true-

line mid-point position. All such unusual problems should be brought

out in the special instructions, as the diversity of the questions arising

on the subject and the very limited applicability of many of the

answers precludes Manual treatment. Manual, Appendix V, section

376.

465. Where special methods are unavoidable the steps should be

made to conform as nearly as may be with the rules for the sub-

division of sections as based upon the Acts of February 11, 1805

(2 Stat. 313), and April 5, 1832 (3 Stat. 566), already fully exempli-

fied in chapters I and III.

466. The special requirements in connection with the subdivision

of sections are few. Generally, the areas involved conform to legal

subdivisions and in such cases the lines are run in accordance with

the rules for the subdivision of sections. The special instructions

will provide for the procedure if the areas do not conform to the

rectangular system of surveys.

467. All corners are marked in the usual manner. Chapter IV,

and section 499, chapter VII.

468. If a section is to bo subdivided, the center quarter-section

corner will always be monumented, and likewise if a quarter-section

is to be subdivided the sixteenth-section corners on the quarter-

section boundaries and at its center, will be monumented. No other

monuments of lower order will be established except where necessary

to mark the actual boundaries of the tract or tracts of land involved.

469. Figure 70 is an illustration of a type of plat showing the sub-

division of sections. It is essential to furnish a field note record to

support the subdivisional survey and to supply the descriptions of

the established monuments.

469
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FlQUEE 70.â��Subdivision of sections. This includes a limited dependent resurvcy of the section-Una

boundaries and the subdivision of the sections as needed.
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470. The authority for the assignment of land to individual Indians

is found in both the general and special allotment acts, under which

it has boon the practice of making awards in some cases in units of

less than the usual quarter-quarter section. One act provides that

whore- the improvements of two or more Indians have been made on

the same legal subdivision of land, unless they shall otherwise agree,

a provisional line may be run dividing said lands between them, and

the land to which each is entitled shall be equalized in the assignment

of-the remainder of the land t<. which they are entitled, while in another

act it was provided that not h'ss than '2}Â« nor more than 10 acres of

timber land be included in any one allotment. There will bo no ques-

tion in regard to the treatment of those cases where the, allotment

descriptions are in terms of aliquot parts of the section, but in some

cases it is apparent that the descriptions can be stated only in terms

of metes and bounds in some way definitely correlated with the section-

line boundaries, to which included tract there will be assigned a lot

number within the parts of the one or more sections involved, the

lotting numbers thus resulting to be independent of the serial allot-

ment number.

Status diagrams which show the Indian allotment awards are

furnished with the special instructions for the survey.

471. In some cases where the sections to be subdivided border

meandered bodies of water, it will be found that due to the processes

of erosion or accretion, or to the construction of a dam which holds

the water at a higher level, or to the recession of the water during

the years intervening between the date of the subdivision of the town-

ship and the date of the subdivisional survey, material changes in the

shore line will have taken place. In some cases it is the practice to

remeander the body of water in order to amend the plat to show the

true conditions at the date of the subdivision of the sections, making

new lottings within the fractional sections. A demonstration of the

methods employed for the amendment.of the plat in such cases is

contained in sections <>:','.) to fi-l:>, chapter IX. If the situation is one

within the class of erroneous meanders, the rules to be followed will

be found in sections 511 to /)2i), this chapter. Whatever needs to be

done in this tj*po of work should be brought out clearly in the special

instructions for the survey, or in supplemental instructions where the

facts were unknown in the first instance.

METES-AND-BOUNDS SURVEYS

472. Mctes-and-bounds surveys are required to define the bounda-

ries of irregular tracts winch are iionconformable to legal subdivisions.

This type of survey ordinarily involves the establishment of the

boundaries of claims, grants, or reservations, such as mineral claims,

472
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470. TIH' nuthority for thl' ::~:.;i~:llnH'llt of laud to individual Indians 
i:o; founu ill Loth tIl<' g'l'lll'q:1 lind ~I)('('ial UllOllll(,llt nelS, UllUl'r which 
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wJl('I'C~ the improvenH'nts of t\Yo or mOl'!, Illdinns have bp('ll mucip on 
the Sl1lU{' legal subuiYi~io[} of luud, unh':-:~ tll('Y ~hall oth('rwis(' ugl'('e, 
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Ineand(,I'pd hocli('s of wutl'!', it will be found that due to tiIl' 1)I'O('('ss('s 
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methods pmploy(,d foJ' thl' 1l1l}('[Himcnt of tIll' plat in such ('us('s is 
('ontuilwd in Rl'dioll=, Ii:;!) t(l (I·t:L rhl1ptC'r IX. If the sit 1Iation is one 
within the duss of l'ITOIU'OUS llleullliPrs, the rules to 1)(' follow('d will 
1)(' found in s('dions TJll to r,2!1. this' chapter. 'VhatI'Y('r Il('('(h~ to be 
dOll<' in this typ<' of work shollld 1)(, brought out ch'arly in tIl<' spl'cinl 
instructionR fOl' th" SUI'YI')", 0)' i It Sll Ppl('Il11'Il t H I instructions whl'rc the 
facts wpre unknown in the first insltuu'(', 
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350 MANUAL OF SURVEYING INSTRUCTIONS

small-holding claims, private-land grants, forest-entry claims, national

parks and monuments, Indian reservations, lighthouse reservations,

trade and manufacturing sites, homestead claims in Alaska, etc.

The survey procedure is similar for each type of claim, grant, or

reservation having irregular boundaries. Monuments are required at

each angle point of the tract boundary, which are given serial numbers

beginning with No. 1 at the initial point. This is the only monumen-

tation necessary when the lengths of the boundary courses do not

exceed 45 chains. Monuments on the boundaries of a tract should

not be more than 45 chains from each other and, when the lengths of

the courses exceed that distance, witness points will be established on

the tops of ridges, at stream and road crossings, or other accessible

and prominent places. In the survey of the boundaries of large grants

or reservations, mile corners in addition to angle points and witness

points will be established. The establishment of witness points at the

intersection of the boundary with roads, trails, streams, and other

natural features in surveying national forests, national parks and

' monuments, Indian reservations, etc., is exceedingly helpful in deter-

mining the position of the line. Examples of the usual marks for

angle points, witness points, and mile corners are given in section-:

249, 279, 280, 346, and 347, chapter IV. The plan for monumen-

tation will be designated in the special instructions for the survey.

Tracts located upon surveyed land will be connected to a regular

corner of the subdivisional survey, as required in section 190, chapter

III, but if the location is within an unsurveyed township, specific

advice regarding the running of a connecting line or the establish-

ment of a location monument (sec. 719, ch. X), or the determination

of the geographic position of the initial point, will be spnnliVd m I'-r

special instructions for the survey.

The subject relating to the survey of mineral claims uj men- anu

bounds is covered in chapter X. A description of the special surveys

executed in Alaska and more detailed instructions governing the

survey of forest-entry claims within national forests, is contained

n Appendix VII.

TOWN-SITE SURVEYS

473. The name "town-site survey" in the public-land sun-eying

practice is applied to the marking of lines and corners within one or

more regular units of the township subdivision by which the land is

divided into blocks, streets and alleys as a basis for the disposal of title

in parcels known as village or town lots.

In many cases there have been few or no prior improvements io be

dealt with, affording considerable freedom in the site selection. Ordi-

narily this type has resulted in maximum regularity as to the plan.

472
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Numerous examples are found in the towns and villages where the

Indian lands have been opened to settlement, also in the prairie

States in those cases where the Federal town-site laws have been

invoked.

Quite a different class includes those villages, towns, and cities

that became realities prior to the making of the town-site survey, by

reason of trading posts, mission sites, Indian schools, etc., or some

special military or other reservation such as the one at Hot Springs

in Arkansas. Quite frequently these resulted in an irregular lay-out,

where much care was required in the planning of the lot boundaries

and the street lines to protect the existing improvements, and to

bring good order out of the inherited situation.

In more recent years, as a consequence of the continuing adminis-

trative interest in the development of some Federal project, the town

site is a base for the larger plan, including the improvements to be

made, which set up more or less definite limitations. Accordingly, in

these cases, the greatest care is needed in the selection of the location,

with comprehensive planning as to the needs, thus to insure suit-

ability in all respects. The conditions to be met vary so greatly

that the elements which enter into the problem must first be ascer-

tained ; this necessarily calls for preliminary studies, and a reconnais-

sance to precede the planning for the marking of the lines and corners.

Many valuable examples may be secured through a study of ap-

proved town-site plats, particularly those that embody similar ele-

ments. If some of these developed areas are visited, the good and bad

planning may be more plainly demonstrated; the best features will be

apparent; poor planning may be corrected.

A complete acceptance of the problem, as such, immediately carries

the planner beyond the scope of what can be covered by Manual

rules, and may even show the need for consultation with specialists in

architectural and industrial planning, landscaping, and the various

branches of city engineering, such as water supply, sewage disposal,

street, highway and railroad location. Provision is needed for public

school grounds, other needed public buildings, park areas, and the

usual elements of the prospective community. All are interdependent.

The subjects have been treated in many carefully prepared articles'

and books, which invite the attention of the planner of the new town

site.

The Manual rules that follow are designed principally to set out

the minimum specifications as to the running and measuring of the

lines, according to the plan, the monumentation, and the elements of

1 By way of suggestion, see Manual No. 16, Land Subdivision, American Society of Civil Engineers;

address, Secretary, 33 W. 39th St., New York, N. Y. The Manual is devoted particularly to the planning,

with many examples and illustrations; it gives a bibliography of 24 authorities.
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Numerous examples are found in the towns and villages where the 
Indian lands have been opened to settlement, also in the prairie 
States in those cases where the Federal town-site laws have been 
invoked. 

Quite a different class includes those villages, towns, and cities 
that became realities prior to the making of the town-site survey, by 
reason of trading posts, mission sites, Indian schools, ('tc., or some 
special military or other r('servation such as the OIl(' at Hot Springs 
in Arkansas. Quite frequently th(\se r('sulted in an irr('gular lay-out, 
where much care was requir('d in the planning of the lot boundaries 
and the street lines to protect the existing improvements, and to 
bring good order out of the inherited situation. 

In more recent years, as a consequence of the continuing adminis
trative interest in the development of some Federal project, the town 
si~e is a base for the larger plan, including the improvements to be 
made, which set up more or l('ss definite limitations. Accordingly, in 
these cases, the gr('atest rare is n('('ded in the s('l('ction of the location, 
with comprehensive planning as to the needs, thus to insure suit
ability in all respects. The conditions to be met vary so greatly 
that the elements which enter into the problem must first be ascer
tained; this necessarily calls for preliminary studies, and a reconnais
sance to precede the planning for the marking of the lines and corners. 

Many valuable examples may be secured through a study of ap
proved town-site plats, particularly those that embody similar ele
ments. If some of these developed areas are visited, the good and bad 
planning may be more plainly demonstrated; the best features will be 
apparent; poor planning may be corrected. 

A complete acceptance of the problem, as such, immediately carri('s 
the planner beyond the scope of what can be covered by NIanual 
rules, and may even show the need for consultation with specialists in 
architectural and industrial planning, landscaping, and the various 
branches of city engineering, such as water supply, sewage disposal, 
street, highway and railroad location. Provision is needed for public 
school grounds, otJlCr needed public buildings, park areas, and the 
usual elements of the prospective community. All are interdependent. 
The subjects have been treated in many carefully prepared articles 1 

and books, which invite the attention of the planner of the new town 
site. 

The Manual rules that follow arc designed principally to set out 
the minimum specifications as to the rWilling and measuring of tIll' 
lines, according to the plan, the monumentation, and the clements of 

I By way of suggestion, see Manual No. 16, Land Subdh'igion, American So<'iety of CIvil Engineers; 
address, Secretary, 33 W. 39th St., New York, N. Y. The Manual Is devoted particularly to the planning, 
with many examples and Illustrations; It gives 8 bibliography of 24 authorities. 
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the plat const ruction by which tin* Murks and the Jottings may be

identified. The detail of the plan will lie set out in tin* s])i'cial in-

structions. Sees. 4(11 and 1P>2. par. 7.

Revised Statute-*, sees. 2:'â��vi and 2:i*-:i (-!:'. U. S. C. sees. 711, 712),

and numerous special acts, make provision for the Executive with-

drawal of public lands for subdivision into town-site blocks and lots,

both urban and suburban, and for disposal in such units.

A preliminary examination is made in order to ascertain a layout

which will afford the best us<> of the ground available for improvement,

with suitable grades for streets, give prupi r i i-gnrd for exist ing locations

where rights have already been acquired, and provide for railroad or

other rights of way, station grounds, lake-shore frontage, natural

park areas, and other important conditions which should have con-

sideration.

474. Only the fundamental requirements of town-site surveys can

well be presented here as the character of the area, the topography,

its location, and whether it is a new low n site or an addition to an old

one, will to a large extent determine the detail of the street and block

system. A topographic survey will be of the greatest value as an

aid to ascertaining the layout best suited to the situation; the special

instructions will call for the appropriate contour interval.

475. In the typical town site the blccks may be made 300 feet,

square, and usually not over 320 feet ;>y 400 feet, with a 20-foot

alley running the long dimension of the block. The principal streets

are usually made SO feet in width, though frequently as much as 100

feet where the greater width appears to be needed or desirable, and

the less important intersecting streets are seldom given a width of less

than f>0 feet. An alley is usually placed in each block, 20 feet in

width and paralleling the principal street system. The normal front-

age of the lots is 50 feet, which run back in rectangular form to the

alley. Unless planned differently, the whole system is laid out on

cardinal, and hi all town sites the block-* are given serial numbers,

usually beginning with the northeast block and proceeding with the

numbers alternately to the west and to the enst. The lots are given

serial numbers within the block.

476. It will be noted that (he foot unit is employed on all town-site

surveys, and long steel tapes graduated in that unit are furnished for

the purpose. In most cases tin* Decenary accuracy can be secured

only witJi the use of a spring balance for the maintenance of the proper

tension, and with allowance for temperature corrections to the degree

at which the tape is standard.

477. In making the town-site survey tl e greatest care will be

exercised to identify the original section-line boundaries and to

execute the subdivision of tin* section or sections in the proper legal
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thc pInt cOll~t!'lI('tioll by wLieh t~l!' 1,!(Jck~ :md tIlP l()ttill~s ~;~n.v 1)(, 
idC'ntifi('(1. Tltl' d('tllil of t]11' r]nJl " .. i:1 1)(' :,-;('t out in tll(' sl)('('inl in
structions. Secs. 4(;1 :lTld ·Hi:? p,lr. i. 

Reyised Stututp..;, ~I'(,:;. 2:;:--11 nnd :!:;'-:1 (.!:; l'. S. C. ~C'(,:;. ill. i12), 
nnd num('rou~ ~pC'"i:d ad", mnk(' l'I"O\'i~i()1l fol' the Ex('('utiH' with
drawnl of puhlic lnnd:-; fOl' ~llbdiYi~'ioll into town-sit(, blocks IlIHllots, 
both urhnn nnd suhurban, :lnd for di:--;po:--:tl in such unit:-;. 

A pI'('li!llulnI'Y ('Xll!llill ut ion is mnd(· ill ordpr to u:-;l'(,J'tllin II lnyout 
which will nlford tl\(· l)(·"t U"" of tIl(' !!l'tllLlld anliluhlp for impI'OY(,lll(,llt, 
with suit Hl)}C' g-rntl(·" for :;tl'('('t:-;, gin' pl'lIrl 1'1 q.::nl'd for ('xi;.;! illg lo('utiolls 
wherC' l'i~l;t:::; hnyC' 1I1('('nd~' hp(,!l p.(':j1lir'('d. IIlld proyid(' for 1'llil1'O!ld or 
other rigbts of \Yn:v, stlltioH P'Ollill!;';, !::],;<,-:::.11Or(' frolltn~(', Illlturni 
park nr('ns, nnd otl)('I' impol'tllltt c()w:i!ioll:-; which ~hollld lIny(' COll

sid ern tion. 
474. Only tll(' fUJldnlll(,lltnl re'lllif(,Jltl'::l~ of towll-:-.;i!(, SlllT(,:;:-; cnll 

w('l1 br pr('sPJltC'd 11<'1'(' n;.; the cllnl':i('~('r .,f 11:(' an'a, I~:(' topo~rHph.v, 

its location, nnd wlll't1l('1' it i~ n IH'W to" II ~itl' or Iln n(:ditioll to nil old 
onc, will to a InI'g(' ('xt('nt d('tpI'mi])(' th p d(·t Hil of tltp st 1'('(,\ HJld block 
systC'm, A to}>ogTaplti(' ~lIrY('~" will h(, of tIll' ~r(':tt(·;.;t yulli(' ns nn 
nid to nsc('rtftiltiJl~ t!1<' InYl)llt \>(':::.t ;-;llill'd to tIl<' sitlllltioll; tLt, ~I)('(:illl 

instI'll('tion~ will ('1111 for tli(' nl'pr()l'l'ial,· ('olltour illt('l'\·UI. 
475. In tllt, typi('u1 t()wn sit(, th' }']""ks nlHy lH' llllld(· :WO ('('t. 

squnr(', nnd uSllnll,Y ltot ov('r 320 f('!'1 :'." ·H)() f(,l't. with 11 20-foot 
nll('~~ runnin~ tltp l(lll~ dinH'nsion of till' hlock. Thl' pl'in('ipnl str('t'ts 
nr(' llsnully mnd(' so f('pt ill width. tJII11I~::1 fn'qll('ntly ns mu('h Il~ 100 
fC'C't wltt'I'(, 01<' p'('ut('r ,\,idth npIH'HI':, til h(' Jl('('d('d or d(':;il'llhl('. nIlt! 
01<' l('ss importnnt illt('r~(,('till~ ;.;tn'('ts 111'(' :--;l·ldom ~in'll u width of l<'ss 
thnn no f('d. ,An ull('~' is uSllnll)" plll('('cI ill ('nch block, 20 f(,('t in 
width nnd Plll'lIlJ(,ling tJtp prin('ipnl ;.;t('('('t ~y~t('m. TIt(, nOl111nl front
n~e of th(· lot:,; is 50 f('pt. wllich run },I\(,!~ ill l'('ct ungulur fonn to tIl<' 
nlI(,y. l·nl(':--;:; pIUIlll('d difr('J'('IJtly, th(' ",JIIII(' :-,y~t ('lll i;.; Inid out on 
cnrdinal. lind ill nIl town ~it(·:, th(' hlo('\."; :11'1' ~i\"('1l s('rinl numh<.'TS, 
usunlly h(',!iltlling with tlt(, nOI'th<.'!lst hl(l('!\ nnd pro('('('tiing with the 
numl)('rs nlt('rnnt('I~" to th(' ,\"(,:-;t nnd to tlil' ('IISt. Th<.' lots nrC' gin'n 
serinl Illllnh(,l's witllin 01<' hlock. 

476. It will h(' Ito~('d tbllt 01<' foot unit is (·mployC'd on nIl town-site 
sun"p,Ys, nnd lon~ st('e1 tllJH'S ~l'Ilduat('d in tl.Ht uuit 111'(' fUrTli:-;lt('d for 
tIl(' IHlI'])OSI'. In most ('n~(':-; thl' Jl(·('I'~·';:lI·.\" I)('('urllc~' elm b(· s('cnrC'd 
only wi th t h(' IISP of n spring hnlflJl(,(' fill' t J I!' maill t I'llIUlC(' of tIt<' prop<'r 
t<'llsioJt, nnd with nllowlllH'(' for tP!lIl)('l'lIllIl'I' ('or!'('ctiollS to the d<'gr('<' 
at which til(' tnl>l' i:,; ~t :lnd:ml. 

477. Tn Illaking tli(' t(l\\"Il-~it<, sun-".'" 11 I' gr('nt('st l'nr(' will })(' 
<'xprcisrd to idt'Jltify tl)(' ol'i;.6nnl s\·('(illJl-liIl(' houJl<!nI'i('s and to 
C'x<'cute the subdi'\isioll of tIl(' sl'ctioll 01' :-;l'ctioJls Ul the proper legal 
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manner for the ascertainment of the assigned town-site boundaries.

Permanent monuments will be placed at each turning point of the

town-site boundary linos. These may be the 2-lnch iron post, or a

tablet seated in a concrete block as large ns 8 inches square and 36

inches long, marked with the usual subdivisional identification marks,

the capital-letter initials of the town-site name, and the letters "T S,"

in the appropriate quadrant. The boundary streets, and the other

streets, blocks, and lots are then laid out, permanent control monu-

ments established, and connecting line measurements made, as may be

necessary to afford an exact relocation of any point; and to secure all

data respecting true bearings and deflection angles, both for the center

lines of the streets and for the block lines, the connecting lines to the

permanent monuments, and the dimensions of all streets, blocks, and

lots. All of this sort of data is carried to the town-site plat, and its

sufficiency may be tested by the ability readily to ascertain the position

of any given point, and to calculate the area of any individual lot.

If there are curved lines to be dealt with, the elements thereof will be

indicated on the plat.

478. A number of permanent monuments will be placed at the

intersections of the street center lines and connections made to the

block corners so as fully to insure a complete and ready restoration

of any block corner. The 2-inch iron post, or a tablet seated in a

concrete block as large as 6 inches square and 24 inches long, may be

employed for this purpose. These should be subsurface monuments,

placed as much as 1 foot below the probable grade line of the street,

and marked only for the point of intersection.

Where the street center-lino intersections are intervisible, the

markers may be placed at the alternate intersections; along the bound-

aries, and within the town site where the intersections are not inter-

visible, the markers will be placed at each center-line intersection.

479. Where the street center-line intersection is not marked, the

adjacent block corners will be monumented with the 2-inch iron post,

set with the top flush with the ground, and guard stake; but if the

intersection is monumented, hardwood stakes are employed for the

block corners, and to mark the front corners of each lot, also to mark

the intersections of the alley side lines with the block lines. The

points here called for are always to be monumented, and a more dur-

able marker, such as a galvanized-iron pipe will be employed where

the site conditions are unfavorable to the preservation of a wooden

stake. The block corner and alley stakes are usually made 2 inches

square and 24 inches long; the lot corners 1 by 2 by 24 inches; the

latter are set only on the block lines and not on the alley lines. The

block Corners only are marked with the appropriate numbering.

A 2-inch iron post will be placed at each angle point within the
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manner for the asc('rtainm('nt of the assigned tov,"ll-site boundaries. 
Pennanent monuments will be placed at each tunting point of the 
town-site boundary lUll's. TIH's(' may he tIll' 2-inch iron post, or a 
tablet seat('d in a COllcretc block as lurg<' U8 8 indl(,s squnr(' and 36 
inches long, marked with the usual subdivisional identification marks, 
the c~pital-letter initials of th(' town-site nanH', and the letters liT S," 
in the appropriate quadrant. The boundary streets, and the other 
streets, blocks, and lots nre 01('n laid out, p('nuluH'ut control monu
ments established, and cOlllH'cting line measurements made, as may be 
necessary to afford an exact relocatioll of allY point; and to secure all 
data respectinlr true b('ariIllrs and dl'fi<-et ion IUI~h's, both for the c('ntcr 
lines of the strl'ets and for the hlock lill<'s. th(' conn('cti.ng lin('s to the 
p('nnanent monunwnts, and tll(, dimcllsions of all 5tr('('ts, blocks, and 
lots. All of this sort of data is carried to the town-site plat, and its 
suffici('ncy may be test('d by th(' ability readily to ascertain th(' position 
of any giv('n point, and to calculate the area of any individual lot. 
H there arc curved lul('s to 1)(' dealt with, the clements thereof will be 
u1<licated on the plat. 

478. A number of permanent monuments will be placed at the 
intersections of the street center lines and connections made to the 
block COMlCrs so as fully to insure a complete and reudy restoration 
of any block corneJ'" The 2-inch iron post, or a tablet seated in a 
concrete block llH lurlr(' as 6 inches square and 24 inches long, may be 
employed for thiH purpose. These should he subsurface monuments, 
placed as much as 1 foot below the probable grade line of the street, 
and marked only for the point of intersection. 

Where the street center-line intersections are intervisible, the 
markers may be placed at the Itlternate intersections; along the bound
aries, and within the town site where the iutersections are not inter
visibl~, the markers will be pln('ed at each center-line intersection, 

479. Where the stre('t conter-line intersection is not marked, the 
adjacent block corners will bt' mOllumcnted with the 2-inch iron post, 
set with the top flush with the ground, and guard stnke; but if the 
intersection is monumenteu, hnrdwood stakes are employed for the 
block corners, and to murk the front corners of each lot, also to mark 
the intersections of the alley side lines with the block lines. The 
points here called for arc always to be mOllumented, nnd a more dur
able marker, such as a lrulvanizcd-iron pipe will be employed where 
the site conditions are unfayorable to the preserYation of a wooden 
stake. The block corner and alley stakes are usually made 2 inches 
square and 24 inches long; the lot corners 1 by 2 by 24 inches; the 
latter are set only on the block lines and not on the alley lines, The 
block corners only arc mnrlwd with tll(' appropriate numbering. 

A 2-inch iron post will be placed at each angle point within the 
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block boundary, when irregular, and at each point of curvature and

point of tangency if the line of the block has been placed on a curve.

480. The field traverse of the town-site boundaries will ordinarily

be made to close within an error of not to exceed Jsooo, and never to

exceed Kooo. The determined lengths of lines and their bearings

will be balanced, so as to secure a perfect closure for the data which

are to be carried to the plat. The required accuracy can always be

secured by the method of repetitions for the turning of angles, and

by the method of measurement herein authorized, due regard being

given to the reduction of lengths of lines to the true horizontal dis-

tances. This class of data, as well as that hereinafter mentioned,

should be such as to leave no discrepancy whatever in any calculated

position, whether working from one permanent monument to another,

or between any two points.

481. Lengths of lines and all angles or bearings will be determined

in the field for all irregular blocks and lots; and the side lines of the

lots, and their back lines, will always be measured in the field, and

the dimensions carried to the plat, wherever needed, as when said

lines can not readily be located by the method of intersections.

482. The field notes of the town-site survey will show the retrace-

ment of the old section-line boundaries, the restoration of any needed

corners, and the subdivision of the sections, all complete as may be

needed for the ascertainment of the townsite boundaries, and for the

description of the controlling monuments. All important connecting

lines and measurements between the boundary monuments and the

corners of the block lines, or to the permanent monuments marking

the street center linos adjacent to the boundaries, will be given in the

field notes. The plan followed in the town-site survey will be ex-

plained, and a general statement made as to the monumentation;

beyond this it will be noted that the further detail of all directions

and lengths of lines has been carried to the plat, but is omitted in the

field-note record. If there are any improvements unavoidably left

in conflict with the town-site layout the information will be brought

out in the field notes, but omitted from the plat.

483. The town-site plats are usually published at a scale of 200

feet to an inch, but they are frequently drawn at a somewhat larger

scale, subject to reduction when published. A marginal diagram is

usually supplied in order to show the relation of the town-site bound-

aries to the local section-line control, with directions and lengths of

lines here given in the chain unit; tenths and hundredths of links will

be supplied where appropriate for making reduction to the lengths

of lines shown on the main drawing.

484. On the main drawing all lengths of lines will be shown in the

foot unit, with tenths where needed. All directions and lengths of

479

354 MANUAL OF SURVEYING INSTRUCTIONS 

block boundary, when irregular, and at each point of curvature and 
point of tangency if the line of the block has been placed on a curve. 

480. The field traverse of the town-site boundaries will ordinarily 
be made to dose within an error of not to exceed ~'ooo, and never to 
exceed ~ooo. The determined lengths of lines and their bearings 
will be balanced, so as to secure a perfect closure for the data which 
are to be carried to the plat. The required accuracy can always be 
secured by the method of repetitions for the turning of angles, and 
by the method of measurement herein authorized, due regard being 
given to the reduction of lengths of lines to the true horizontal dis
tances. This class of data, as well as that hereinafter mentioned, 
should be such as to leave no discrepancy whatever in any calculated 
position, whether working from one permanent monument to another, 
or between any two points. 

481. Lengths of lines and all angles or bearings will be determined 
in the field for all irregular blocks and lots; and the side lines of the 
lots, and their back lines, will always be measured in the field, and 
the dimensions carried to the plat, wherever needed, as when said 
lines can not readily be located by the method of intersections. 

482. The field notes of the town-site survey will show the retrace
ment of the old section-line boundaries, the restoration of any needed 
corners, and the subdivision of the sectiolls, all complete as may be 
needed for the ascertainment of the townsite boundaries, and for the 
description of the controlling monuments. All important connecting 
lines and measurements between the boundary monuments and the 
corners of the block lines, or to the permanent monuments marking 
the street center lines adjacent to the boundaries, will be given in the 
field no~s. The plan followed in the town-site survey will be ex
plained, and a general statement made as to the monumentation; 
beyond this it will be noted that the further detail of all directions 
and lengths of lines has been carried to the plat, but is omitted in the 
field-note record. If there are any improvements unavoidably left 
in conflict with the town-site layout the information will be brought 
out in the field notes, but omitted from the plat. 

483. The town-site plats are usually published at a scale of 200 
feet to an inch, but they are frequently drawn at a somewhat larger 
scale, subject to reduction when published. A marginal diagram is 
usually supplied in order to show the relation of the town-site bound
aries to the local section-line control, with directions and lengths of 
lines here given in the chain unit; tenths and hundredths of links will 
be supplied where appropriate for making reduction to the lengths 
of lines shown on the main drawing. 

484. On the main drawing all lengths of lines will be shown in the 
foot unit, with tenths where needed. All directions and lengths of 
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lines, intersection angles, and connecting lines to monuments will be

given on the plat with a view to the ready location of any point by

calculation from the points of permanent control, and for the as-

certainment direct from the nlat of the area of any individual lot.

Sec. 643, last paragraph.

485. The block and lot nuuoers will be shown, areas of all lots

to the nearest square foot, and the streets will be given designating

letters, or numbers, or names. In the drafting of the data for the

regular blocks some of the figures which would be applied in each lot

of the block may be omitted if it is left clear within the block that the

lottings are regular for dimension and area.

486. All permanent monuments will be shown on the main drawing

and connecting data supplied. The widths of the streets and alleys

will be plainly shown, but not repeated needlessly. Where all of the

lots in any block are of the same dimensions, it will be sufficient to

show the measurements only along the block lines, as the depth of

each lot will be indicated by the length shown from the block corner

to the alley corner. A memorandum will be supplied to note the

general plan of monumentation, with an outline description of the

monuments.

487. If there are reservations for public-school grounds, or of

ground for other public buildings or parks, the provision therefor

will be stated in the special instructions. The designated blocks will

be shown upon the plat, numbered regularly and titled, but not sub-

divided.

488. References will be made to chapter IX for the usual require-

ments regarding the title and the certificates which are to appear on

the town-site drawing.

SURVEY OF PARTS OF SECTIONS

489. In sec. 253, chapter IV, there is a statement of conditions

where portions of the section boundaries are inaccessible, impassable,

or so insecure that acceptable monumentation is impracticable, which

if found to prevail will necessitate the elimination of parts of sections.

The situations thus assumed are so rare, if allowance is made for

increase of cost of survey where warranted, that general rules can not

well be announced. The questions to be considered are more par-

ticularly administrative, and ordinarily will be given attention in the

special instructions. The subject matter here set out pertains only

to the technical processes which are new to the survey of rectangular

boundaries of parts of sections. Figures 71, 72, 73, and 74 show

examples.

490. The west boundary of section 27 (fig. 71) is shown discontinued

at the regular place for the south sixteenth-section corner, which is

490
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lines, intersection angles, and connecting lines to monuments will be 
given on the plat with a view to the ready location of any point by 
calculation from the points of permanent control, and for the as
certainment direct from the nl~t of the area of any individual lot. 
Sec. 643, last paragraph. 

485. The block and lot nuw Jers will be shown, areas of all lots 
to the nearest square foot, and the streets will be given designating 
letters, or numbers, or names. In the drafting of the data for the 
regular blocks some of the figures which would be applied in each lot 
of the block may be omitted if it is left clear within the block that the 
lottings are regular for dimension and area. 

486. All permanent monuments will be shown on the main drawing 
and connecting data supplied. The widths of the streets and alleys 
will be plainly shown, but not repeated needlessly. Where all of the 
lots in any block are of the same dimensions, it will be sufficient to 
show the measurements only along the block lines, as the depth of 
each lot will be indicated by the length shown from the block corner 
to the alley corner. A memorandum will be supplied to note the 
general plan of monumentation, with an outline description of the 
monuments. 

487. If there are reservations for public-school grounds, or of 
ground for other public buildings or parks, the provision therefor 
will be stated in the special instructions. The designated blocks will 
be shown upon the nlat, numbered regularly and titled, but not sub
divided. 

488. References will be made to chapter IX for the usual require- .' 
ments regarding the title and the certificates which are to appear on 
the town-site drawing. 

SURVEY OF PARTS OF SECTIONS 
489. In sec. 253, chapter IV, there is a statement of conditions 

where portions of the section boundaries are inaccessible, impassable, 
or so insecure that acceptable monumentation is impracticable, which 
if found to prevail will necessitate the elimination of parts of sections. 
The situations thus assumed are so rare, if allowance is made for 
increase of cost of survey where warranted, that general rules can not 
well be announced. The ·questions to be considered are more par
ticularly administrative, and ordinarily will be given attention in the 
special instructions. The subject matter here set out pertains only 
to the technical processes which are new to the survey of rectangular 
boundaries of parts of sections. Figure .. -;- , ~ 7''' , -;-3 ~ and 74 show 
examples. 

490. The west boundary of section 27 (fig. 7 j ) :., shown discontinued 
at the regular place for the south sixteenth-section comer, which is 
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monuments established.
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monumented, and the north boundary at 40.00 chains, established

parallel to the south boundary. The subdivision-of-section lines are

run random on theoretical courses and distances, and closing error

distributed, with final results (assumed) as shown on the drawing.

The several interior sixteenth-section corners on the lines run are all

to be monumented, including the one on the east and west center line

of the section.

491. The south boundary of section 9 (fig. 72) is shown discontinued

at the east sixteenth-section corner, and the north boundary at the

west sixteenth-section corner, both of which are monumented, both

lines having been established parallel to the nearest completed latitudinal

fine southward in that range of sections. The subdivision-of-section

lines are run random on theoretical courses and distances, and closing

error distributed, with final results (assumed) as shown on the drawing.

Here the center quarter-section corner and the two sixteenth-section

corners on the east and west center line are all to be monumented.

492. In the illustration showing section 3 (fig. 73) the process is

similar, excepting that the closing error in latitude is all placed in the

west line of lot 2. All of the turning points are monumented, also the

south sixteenth-section corner on the north and south center line, and

the west sixteenth-section corner on the east and west center line.

493. In section 18 (fig. 74) the closing error in departure is all placed

in the south line of lot 3, it having been assumed that (a) the corner of

sections 7, 8, 17, and 18 was fixed by survey from the east or north, or

(b) if from the west, that the fractional length of the north line of lot 1

had been determined by appropriate calculation.

494. The several processes are summarized in the following rules:

1. Complete the survey of all regular exterior boundaries and

subdivisional lines normally, as far as accessible under the Manual

rules and special instructions.

2. Where an exterior boundary is to be discontinued the fine will be

established on a cardinal course and on the last mile monumented

regularly to the nearest 20.00, 40.00, or 00.00 chain point.

3. Where a subdivisional line is to be discontinued, it will be

established (for alinement) parallel to the governing exterior or

section boundary (and for length) 20.00, 40.00, or GO.00 chains, as the

situation may be.

4. The terminal sixteenth or quarter-section corner will be monu-

mented; the quarter-section corner will be monumented in every case

where the point has been attained.

5. Assign theoretical bearings to the subdivision-of-section lines

closing the area to be surveyed within a section, each line parallel to

the governing section boundary, with the lengths ordinarily employed

for the calculation of areas, as 20.00, 40.00, 60.00, or 80.00 chains,
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monumented, and the north boundary at 40.00 chains, established 
parallel to the south boundary. The subdivision-of-section lines are 
run random on theoretical courses and distances, and closing error 
distributed, with final results (assumed) as shown on the drawing. 
The several interior sixteenth-section corners on the lines run are all 
to be monumented, including the one on the east and west center line 
of the section. 

491. The south boundary of section 9 (fig. 72) is shown discontinued 
at the cast si~teentb-section corner, and the north boundary at the 
west sixteenth-section corner, both of which are monumcntNI, both 
lines having been esta blished parallel to the nearest complC't('d la tit udinal 
line southward in that range of sections. The subdivision-of-section 
lines are run random on tlwol'etical courses and distances, and closing 
error distributed, with final results (assumed) as shown on the drawing. 
Here the center quarter-section corner and the two sixteenth-section 
corners on the east and west ('('nter line are all to be monumented. 

492. In the illustration showing section 3 (fig. 73) the process is 
similar, excepting that the closing error in latitude i['; all plu('('d in the 
west line of lot 2. All of the turning points are monum('nt('d, also the 
south sLxt('enth-section corner on the north and south center line, and 
the west sixteenth-section corner on the east and west centpr line. 

493. In section 18 (fig. 74) the closing error in departure is all placed 
in the south line of lot 3, it having been assumed that (a) the corner of 
sections 7, 8, 17, and 18 was fixed by survey from the east or north, or 
(b) if from the west, that the frnctionallength of the north line of lot 1 . 
had been determined by appropriate calculation. 

494. The several procl'SS('S are summarizl'd in the follow,ing rules: 
1. Complete the surv('y of all regular exterior boundaries and 

subdivisional lines normally, as far as accessible under the 1vfanual 
rules and special instructions. 

2. Where an exterior boundary is to be discontinued the line will be 
established on a cardinal course and on the last mile monument('d 
regularly to the nearest 20.00, 40.00, or 60.00 chain point. 

3. Where a subdivisional line is to be discontinued, it will be 
established (for alinemC'llt) pfil'filld to the governing exterior or 
section boundary (and for length) 20.00, 40.00, or 60.00 chains, as the 
situation may be. ' 

4. The terminal sixt('('llth or quart('r-~('ction corner will be monu
mented; tho C]lUlrtl'r-s('ction COrIH'r will be monulllented in every case 
where the point has been attained. 

5. Assign theoretical bearings to the subdivision-of-section lines 
closing the aI·ea to be survpyed within a section, earh line parallel to 
the governing section boundary, with the lengths ordinarily employed 
for the calculation of areas, us 20.00, 40.00, 60.00, or 80.00 chains, 
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disregarding the ordinary allowable excess or deficiency in the length

of the latitudinal boundary of the section.
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Figure 74.â��Rectangular boundaries of parts of sections.

Fractional Jottings are shown. In Figure 73 the whole closing error in latitude is placed as normally in the

north tier of lots, and in Figure 74 the whole closing error in departure is placed as normally in the west

range of lots.

6. Run a random line closing the area to be surveyed, on the

courses and distances derived in rule No. 5, and set a temporary

interior sixteenth or quarter-section corner at each turning point and

at the intersections of the center linos of the section.
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disregarding the ordinary allowable exe-ess or deficiency in the length 
of the latitudinal boundary of the section. 
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Fractlonallottings are shown. In Figure 73 the whole closing error in latitude is placed as normally In the 
north tier of lots, and In Figure 74 the whole closing error In departure is placed as normally in the west 
range ollots. 

6. Run a random line closing the area to be surveyed, on the 
courses and distances derived in rule No.5, and set a temporary 
interior sixteenth or quarter-section corner at each turning point and 
at the intersections of the center lines of the section. 
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7. Except as noted in rule No. 10, the closing error will be distrib-

uted as provided in section 380, chapter V, and the interior sixteenth

and quarter-section corners called for in rule No. 6 will be monumented.

8. The interior sixteenth and quarter-section corners thus estab-

lished, together with the usual points on the regular section boundaries,

will be employed to control the position of the center lines of the

section and of the several quarter sections.

9. If the length of a boundary of any resulting quarter-quarter

section differs from 20.00 chains in excess of 12^ links, or if its direction

deviates from cardinal in excess of 21' (by reason of disregarding the

ordinary allowable excess or deficiency in the length of the latitudinal

boundary of the section), a lot number will be assigned to such

quarter-quarter section; the lot area will be derived under the usual

rule applicable to the calculation of areas of fractional quarter-

quarter sections.

10. In the north tier of sections the closing error in latitude will be

placed as normally in the north tier of lots, and in the west range of

sections the closing error in departure will be placed as normally in

the west range of lots, unless the subdivisional survey may be made

from north to south or from west to east under the rules which permit

that procedure.

495. The field notes will show the complete random and true line

courses and distances, the usual topography on the true lines, the

description of all monuments, and a description of the difficulties

which warranted an elimination of parts of the section or sections.

496. Reading R. S. sec. 2396 (43 U. S. C. sec. 752), wherein it is

stated that "all the corners marked in the surveys, returned by the

surveyor-general, shall be established as the proper comers of sections,

or subdivisions of sections, which they were intended to designate;

and the corners of half and quarter sections, not marked on the sur-

veys, shall be placed as nearly as possible equidistant from two corners

which stand on the same line," and "the boundary lines which have

not been actually run and marked shall be ascertained, by running

straight lines from the established corners to the opposite correspond-

ing corners," it is apparent that to complete the subdivision-of-section

lines in any section where the above-described practice has been in-

voked, leaving the section-line boundaries more or less uncompleted,

the position of the said remaining subdivision-of-section lines within

the surveyed area will be determined first by running straight lines be-

tween the nearest established control for the sectional center lines, with

the position for the center quarter-section corner at the intersection of

the latter lines, unless previously marked, placing the remaining inte-

rior sixteenth-section corners on the sectional center lines at mid-points

between the exterior quarter-section corners and the center quarter-
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7. Except as noted in rule No. 10, the closing error will be distrib
uted as provided in section 380, chapter V, and the interior sixteenth 
and quarter-section corners called for in rule No.6 will be monumented. 

8. The interior sixteenth and quarter-section corners thus estab
lished, together with the usual points on the regular section boundaries, 
will be employed to control the position of the center lines of the 
section and of the several quarter sections. 

9. If the length of a boundary of any resulting quarter-quarter 
section differs from 20.00 chains in excess of 12~ links, or if its direction 
deviates from cardinal in excess of 21' (by reason of disregarding the 
ordinary allowable excess or deficiency in the length of the latitudinal 
boundary of the section), a lot number will be assigned to such 
quarter-quarter section; the lot area will be derived under the usual 
rule applicable to the calculation of areas of fractional quarter
quarter sections. 

10. In the north tier of sections the closing error in latitude will be 
placed as normally in the north tier of lots, and in the west range of 
sections the closing error in departure will be placed as normally in 
the west range of lots, unless the subdivisional survey may be made 
from north to south or from west to east under the rules which permit 
that procedure. 

495. The field notes will show the complete random and true line 
courses and distances, the usual topography on the true lines, the 
description of all monuments, and a description of the difficulties 
which warranted an elimination of parts of the section or sections. 

496. Reading R. S. sec. 2396 (43 U. S. C. sec. 752), wherein it is 
stated that" all the corners marked in the surveys, returned by the 
surveyor-general, shall be established as the proper corners of sections, 
or subdivisions of sections, which they were intended to designate; 
and the corners of half and quarter sections, not marked on the sur
veys, shall be placed as nearly as possible equidistant from two corners 
which stand on the same line," and "the boundary lines which have 
not been actually run and marked shall be ascertained, by running 
straight lines from the established corners to the opposite correspond
ing corners," it is apparent that to complete the subdivision-of-section 
lines iti any section where the above-described practice has been in
voked, leaving the section-line boundaries more or less uncompleted, 
the position of the said remaining subdivision-of-section lines within 
the surveyed area will be determined first by running straight lines be
tween the nearest established control for the sectional center lines, \"ith 
the position for the center quarter-section corner at the intersection of 
the latter lines, unless previously marked, placing the remaining inte
rior sixteenth-section corners on the sectional center lines at mid-points 
between the exterior quarter-section comers and the center quarter-
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section corner, except within the sections normally fractional; and,

second, the center lines of the several quarter sections will then be

completed separately on a similar plan based upon the control as

developed. In all sections normally fractional the usual regard will

lie given for the placing of the fractional unit in proper relation to the

regular or proportional 20-chain units.

497. The running of a traverse line as a boundary along the margin

of omitted mountainous areas, and sometimes in the omission of other

areas classed as impassable, was frequently practiced at one time, but

was later discontinued owing to the large number of fractional lots

thus unnecessarily created, as sooner or later, in a large majority of

cases, the advance of settlement demanded the completion of the

subdivisions across the omitted lands. However, occasionally a sur-

vey of this type may be desirable in order to meet a peculiar situation

where the rectangular boundaries can not be completed within the

section, but the examples are decidedly infrequent, and the method

should be authorized in the special instructions only when supported

by ample justification- In such surveys the angle points of the trav-

erse line are given serial numbers in each fractional section, and the

points are monumented. The subdivision-of-seotion lines are pro-

tracted only, unless a definition upon the ground should be required

for some good reason.

ELONGATED SECTIONS

498. The rule (sec. 200, ch. Ill) for numbering the lots within

elongated sections is illustrated by figures 7f> and 76. The examples

show 12 instead of the 4 normal lots. Cases of this type, though in-

frequent, are sometimes even more exaggerated. The condition may

occur when closing along either the northern or western township

boundary, or anywhere within a township on completing fragmentary

subdivisions.

499. Additional monuments are required on such section boundaries

where the length of the closing line exceeds 85 chains (sees. 101, 177,

178, and 198, ch. Ill); these will be placed at intervals of 40 chains

counting from the regular quarter-section corner. The plan for the

special marking is based upon the distance each monument is estab-

lished from the regular governing boundary, generally the south or the

east. In cases where special circumstances call for the establishment

of corners within the section the monuments are also marked with

reference to the subdivision-of-section lines upon which they are

placed. The markings are illustrated by figures 75 and 76. Special

attention will be required on the section boundaries as to whether

the markings are to show minimum or maximum control.
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section COrIlf'r, f'X('f'pt within til(' s('('t.ions normnlly fractional; and, 
second, the centf'r lim's of tIlP S(,Y(,1'U1 qunrt<'r !wetions will thf'n be 
completed separatf'ly on n similar plun hused upon the control as 
den'loped. In all s('d ions nonnally fractional the .usunl rf'~nl'd will 
la' given for the plll('ill~ of tllP fruet.iollul unit in proper relation to the 
regular or pl'oportionul 20-chuin units. 

497. TIl(' runnin~ of a trn'"f'rse lill(' nR a boundnry alon~ tIl<' mnr~in 
of omittNI mountninous nrf'ns, nnd sOlIl<'tiuH's in the omission of other 
nren~ clas:=;('d ns impnssablc'. was fn'</uf'ntly practieed at onf' timp, hut 
was Intf'r dis('ontinul'd owin~ to tht' lurge number of fractional lots 
thus lllllw('('ssnrily ('r('nt('d. as SOOlH'r or lnt('r, in a lar~p majority of 
('a~('s, tIl(' ndvnlH'(' of sf'Ulement d('mnrHI('d the eomplf't ion of the 
suhdivisions H('ross th(' omitt(,d lands. lIow('v('r, o('('ngionnll~T n sur
y('y of this t,yp(' mny h(' d('sirnhl(' in onlpr to lll('<'l n IH'('ulinr situntion 
wh('rf' th(' l"('('tangulul' houndari('s (·:lll Hot 1><, ('ompl(,t('d within tlw 
sf'('tion, but t IH' ('xnmp!<'s nr(' decid(,dly infl'<'qu('nt, Hnd til<' llH'thod 
should be nllthol"iz('d in tlH' sl)('eiul instnwtions only whl'n SUppol't('d 
by ample ju~tificnti(~n. In such surn'ys tIlP an~lf' points of tIl<' trnv
f'rsf' line nfl' gin'n s(,l'inl numhf'rs in ('nl'h fl"llrtional sedion, and the 
points arp monum('nt('d. Th(' suhdivision-of-s<'etion liu<'s nr(' pro
traet('{l only, unlf'!:;s a defini tion upon tilt' grollnd should bt, r('(1 uired 
for some good r('ason. 

ELONGATED SECTIONS 

498. Tlu.' rulf' (s('('. 200, ch. III) for numh(,l'ing tIl(' lots within 
elon~ated sections is illustrntf'd by figurps 75 and 76. The examples 
show 12 inst('nd of tIl(' 4 normnl lots. CaseR of this type, though in
frequent, are somctinH's ('ven more f'xuggl'l"ni<'d. The condition may 
occur when closing nlong ('ither the nortlH'rn or westf'nl township 
boundnry, or anywhere within a township on completing fraguwntury 
su bdivisions. 

499. Additional monunwnts nrc l"NluirNI on sHrh section boundaries 
where the If'ngth of the dosing lint' ('xl"Ppds 85 chnins (secs. 16 1, 177, 
178, and 198. eh. III); thes(' will he plnced at intervals of 40 chains 
counting from the rf'gulnr qunrt('r-s('ction eorner. The plan for the 
sp<,cial marking is bnsNl upon the distfllH'(' ('ach monument is f'stab
lished from the regulnr gOYl'rning houndury. g't'lH'rnlly the south or the 
cast. In cas('s wh('r<' s}>f'cinl eir('urnstfll}('l'S ('nll for the establishment 
of corners within tIl(' s('dion the mOnUllH'nts art' also marked with 
rf'ft'rence to the I"ubdivision-of-sf'ction lint's upon which tht'.\' nre 
plnr('d. Th(' markin~s are illllstrnted by fi~ures 75 and 76. Sp('cial 
attt'lltion will be fl'qllil"<'d on the section boundnrif's as to whether 
the markings are to show minimum or maximulll control. 
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I'lan for marking the special monuments.
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Plan for marking the special monuments. 
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Plan for marking the special monuments.

500. In the very unusual situations where the distance between the

regular position for the township boundaries is so great that elongated

sections in excess of 120 chains would result from the application of the

above rules, it is better that new half-township (or half-range) numbers

be created in order to cover the area located between a new normal

exterior at 480 chains and the next regular township boundary.

501. The numbering of the sections within a half township (or half

range) will depend upon the selection of the governing boundaries to

be employed. Preference will be given to normal procedure, where

conditions warrant. The survey and monumentation will follow the

usual rules for fragmentary subdivision of townships.

502. It is obvious that where elongated sections occur within the

interior parts of a township, growing out of partially completed but

grossly irregular subdivisions, new half townships cannot be created.

In such cases the rules stated in sections 498 and 499 will be applied.
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If the situation is unknown at the time when the special instructions

are being prepared, and therefore not fully treated therein, the chief of

field party will report the facts and await the receipt of definite

instructions as to the procedure.

BEDS OF NONNAVIGABLE LAKES AND STREAMS

503. Title to the beds of nonnavigable bodies of water remains in

the United States until the shore lands have passed into private

ownership. United States v. Oregon, 295 U. S. 1 (1935); and sec. 512,

ch. VII. In connection with the administration of the public lands it

is necessary at times to survey the beds of nonnavigable lakes and

streams or the portions of the beds owned by the Government.

Generally the survey, due to the area being covered by water, cannot

be monumented in the regular manner and many of the lines cannot

be actually surveyed on the ground. The plat, therefore, when pre-

pared represents in fact a survey primarily made by protraction,

based upon a sufficient number of monuments on the ground to insure

adequate control for the reestablishment of all the subdivisional lines.

The field work usually consists of a dependent resurvey of the lands

bordering upon the area to be surveyed, the subdivision of the upland

sections when necessary to determine the boundaries between the

privately owned riparian subdivisions and those belonging to the

Government, the monumentation of as many corners as possible, and a

sufficient number of connections across the stream or lake-bed area

on the section lines for the purpose of making the necessary compu-

tations.

When title to some of the riparian subdivisions in a section has

passed from the Government, partition lines will be run and monu-

mented if possible, segregating the portions of the lake bed in private

ownership from the public land areas. The method of procedure

depends in a large measure on the shape of the shore line. It is clear

from the court decisions that no hard or fast rule can be applied. The

courts have held generally that the bed of a round lake should be

divided among the riparian owners by ascertaining the center point

and then connecting that point by straight lines to the established

boundary corners on the shore, and that when a lake is long in com-

parison with the width, the method applied to rivers and streams with

converging lines only at the two ends, makes the proper division. It

should always be borne in mind in considering riparian rights that each

riparian proprietor is entitled to that part of the water-covered area

lying in front of his basic holdings. Oklahoma v. Texas, 261 U. S., 345
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(1923). When the dividing line cannot be drawn to a center point or

normal to the medial line without cutting "in front of" some riparian

proprietor, the rule of proportionate measurement outlined in the case

of Johnston v. Jones, 1 Black, 209, 222, 223 (1861), should be adopted

(sec. 529, ch. VII). The main consideration is one of equity and

fairness.

Where there is occasion to define the partition lines within the beds of

nonnavigable streams, the usual rule, under Federal surveying practice,

is to begin at the property line at its intersection with the bank, and

from that point run a normal to a medial lino that is located at mid-

point between the banks. Where the normals to the medial line are

deflecting rapidly, owing to abrupt changes in the course of the stream,

suitable locations are selected above and below the doubtful positions

where acceptable normals may be placed, then the several intervals

along the medial line are apportioned in the same ratio as the frontage

along the bank. Precaution should be exercised to modify this rule to

conform to the State law.

The laws of the State in which the work is to be executed and the

decisions of the courts of that State should be studied in preparing the

special instructions in order to determine the procedure required to

protect the rights of the riparian owners. The method of procedure

will be outlined in detail in the special instructions.

MINERAL SEGREGATION SURVEYS

504. The type of work here described is one which involves a

metes-and-bounds survey of a body of land classified as mineral

bearing, but an area which has not been covered by a mineral-patent

survey. The field work in these cases will include a retracement and

remonumentation of the section boundaries, with attendant restora-

tions of obliterated corner positions where required. The authority

for this class of work will issue, as needed in conformity with office

regulations, as stated in section 631, chapter IX.

Mineral segregation surveys are required where the subsisting

records do not furnish the necessary information for a proposed segre-

gation of mineral claims from the public lands. Such surveys fall

into two classes:

1. Where the record of official mineral surveys is faulty or fails to

locate the claims accurately with respect to the rectangular net.

Proper segregation usually requires the resurvey of section boundaries

with connections to the mineral surveys.

2. Where unsurveyed mining claims require segregation from land

embraced in a pending application. The field work consists of metes-

and-bounds surveys of the mining claims, with connections to corners

of the public land net, and the resurvey of section boundaries.
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505. The segregation survey is not a mineral survey in the usual

accepted sense as defined in chapter X, as it confers no permanent

rights upon the mineral claimant. Though the purpose is to ascertain

the boundaries and position of one or more mining claims, it is not

made primarily to define the mining claims, but rather in order to

determine the limits and appropriate description of the adjoining

agricultural land, where the latter is covered by pending entry.

No survey of this kind is required except as needed to supply data

for the accomplishment of the necessary fractional lotting, or where

a showing has been made of obliteration of monuments, or distortion

of lines belonging to the subdivisional survey, or both. The condition

of the section-line boundaries will always be verified in this type of

survey.

506. Where regular conditions are found the mineral segregation

survey will consist only in running not less than two connecting lines

from identified corners of the subdivisional survey to a corner or

corners of the mineral location as segregated, followed by a survey

of the outboundaries of the mining claim or group of claims, thus

supplying the data equivalent to those ordinarily furnished by a

mineral-patent survey.

507. Monuments, usually 2-inch iron posts, will be placed at the

angle points along the boundary of the mining claim, or out-boundaries

of a group of claims, and within the section or sections which include

the pending agricultural entry, as may be needed in order to complete

the marking of the limits of the latter. The monuments so estab-

lished will be marked with the initials of the name of the mining claim

or claims to which it belongs, and with the corner number or numbers

counted as an angle point of the mining claim or claims, all in a

manner similar to the practice directed for making mineral-patent

surveys, chapter X. If the monument at the corner of the mineral

location is in proper position, constructed of durable material, and

suitably marked, the monument may be adopted without any altera-

tions, and a description thereof will be entered in the field notes.

508. In townships where there appears to be an extensive oblitera-

tion of monuments, or where the condition of the lines does not

conform to the original plat and field notes, the survey needed will

consist of such retracements and restorations of the corners of the

section-line boundaries as may be necessary to define the pending

agricultural entries. If the distortion of the section lines is so great

as to warrant the subdivision of one or more sections, the work author-

ized will be described in the special instructions.

509. The retracement of the lines of the mineral location should

be made with the same degree of accuracy which is demanded in a

mineral-patent survey, chapter X. All measurements are to be re-
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turned in the chain unit. It is essential that the requirements regard-

ing the legal length and width of the mineral claims be observed,

including parallelism of end lines, that is, to confine the claim to the

legal length along the mineral lode, placing the side lines within the

legal width as determined from the center of the vein at the surface,

and that the end lines of each claim shall be parallel. The segregated

claim is to be made identical with, or be embraced within, the boun-

daries of its location, as provided in the mining regulations. If not

identical, a bearing and distance will be given from each established

corner of the survey to the corresponding corner of the location. See

chapter X.

All rules for the plat construction will be found in chapter IX.

MINE SURVEYS

510. This class of surveys is important in connection with the leas-

ing of mineral lands, particularly coal lands. The field work usually

consists of a dependent resurvey and partial subdivision of the section

or sections involved, a traverse of the main entries of the mine, with

ties to the portals and improvements, and the marking of the section

and subdivision-of-sections lines within the mine which divide private

and public lands.

A plat showing the subdivisions of the section or sections will be

prepared with an additional diagram added showing the underground

workings of the mine or mines. This diagram should generally be

drawn to the same scale as that used on the plat of the mine operator

which is usually 1 inch to 50 or 100 feet, thus permitting a direct com-

parison. The traverses of the underground workings should be shown

by broken lines and the section and surveyerl snbdivision-of-section

boundaries indicated by solid lines.

ERRONEOUSLY OMITTED AREAS

511. This title is employed to denominate lands that are not shown

upon the original township plat, which are so situated as to have been

excluded from the survey by some gross discrepancy in the location of

a meander line as given by the field-note record. In the typical cases

the unsurveyed land is found to be situated between the actual bank

of a lake, stream, or tide water, and the meander line as given by the

field-note record, though a considerable number of cases of erroneous

meanders have been found in the older surveys of the south where

temporarily overflowed lands, or swamp and overflowed lands (strictly

classified as such), were mistakenly traversed as if they were perma-

nent meanderable bodies of water; and a few cases have developed
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where no bodies of water ever existed in fact. All are treated in the

same manner as those where the discrepancy is traceable directly to a

grossly erroneous position for the record meander line. The converse

is found in those cases of areas of water surface that were erroneously

included, where the record meander line is found to depart from the

actual bank line in the opposite direction so as to extend into the body

of water, thus representing an included area to be land instead of

water. The term is not applicable where the differences can be

traced to changes in the water level, or to erosion or accretion subse-

quent to survey.

512. The question of the ownership of the marginal areas and of

the legal boundaries of the fractional subdivisions that have been dis-

posed of by the United States can be determined only through a con-

sideration of the rights of the proprietors who have acquired title

based upon the representations of the original township plat. The

marginal discrepancies fall at once into two classes, those that may be

regarded merely as technical differences, and those that constitute

erroneous omission, as where in the latter class the plat and field notes

of the original survey are so grossly in error as to bear no reasonable

conformity with the bank line. These principles are laid down in the

leading court and departmental decisions on the subject, and have

been referred to previously in sections 223, 226, and 229, chapter III.

The right of the owner of a fractional lot to the possession of the

land which fronts upon the actual bank line, in all ordinary cases, is

derived from the principle that a meander line is not a boundary in

the usual sense, it being the intention of the Government to convey

title to the water's edge. If there should be changes in the position

of the bank line, as by accretion, or by recession of the water, the

ownership may, in many States, include the new land, but this is a

claim of an entirely different character, being one that has its origin

in the State or common law, and is called a riparian right. The law,

in many States, grants additional exercise of authority within the bed

of the body of water, with which the text here is not concerned.

The Government conveyance of title to a fractional subdivision

fronting upon a nonnavigable stream, unless specific reservations are

indicated, either in the patent from the Federal Government or in the

laws of the State in which the land is located, carries ownership to the

middle of the stream.

The above principles are set out in the syllabus in Bust Owen

Lumber Co., 50 L. D. 678 (1924), as follows:

Public landsâ��Courtsâ��Vested rightsâ��Statutes: Whenever the question arises

in any court, State or Federal, as to whether the title to land, which had once been

the property of the United States, has passed, that question must be resolved by

the laws of the United States; but when, according to those laws, the title shall
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have passed, then that property, like other property in the State, is subject to the

laws of the State, so far as those laws are consistent with the admission that the

title passed and vested according to the laws of the United States.

Navigable watersâ��Riparian rights: Upon the admission of a State into the

Union the title to all lands under the navigable waters within the State inures to

the State as an incident of sovereignty, and the laws of the State govern with

respect to the extent of the riparian rights of the shore owners.

Public landsâ��Patentâ��Riparian rights: With respect to public lands border-

ing on nonnavigable bodies of water, the Government assumes the position of a

private owner, and when it parts with its title to those lands, without reservation

or restriction, the extent of the title of the patentee to the lands under water is

governed by the laws of the State within which the lands are situated.

Surveyâ��Fraudâ��Lakeâ��Boundaryâ��Public landsâ��Riparian rights: Where a

survey was fraudulent or grossly inaccurate in that it purported to bound tracts

of public lands upon a body of water, when in fact no such body of water existed

at or near the meander line, the false meander line and not an imaginary line to

fill out the fraction of the normal subdivision marks the limits of the grant of a

lot abutting thereon, and, upon discovery of the mistake, the Government may

survey and dispose of the omitted area as a part of the public domain.

513. The first thing to be established, where the principle of

erroneous omission is to be set up, is to show affirmatively that the

area was land in place at the date of the original subdivision of the

township and at the date of the admission of the State into the Union,

so that if found similar to the surveyed lands the usual inference that

the official survey was correct may be set aside, and the conclusion

substituted that the land should have been covered by that survey;

but, before looking upon a discrepancy as one constituting erroneous

omission, or an omission in the contemplation of the controlling

decisions on the subject, a convincing showing is needed on the fact

that the representations of the original plat and field notes are grossly

in error.

514. The applications for the extension of the subdivisional lines

so as to include the areas erroneously omitted from the original

survey are in most cases initiated either by settlers upon the omitted

land or by the owners of the adjoining land. The owner of the

surveyed land, or a claimant who has purchased from said owner,

may apply for the survey of the omitted area as a preliminary to pro-

ceeding with steps to quiet the title. In the latter event the possibility

of an adverse claim may or may not be present, but the immediate

question is the merit of the application under the acts of Congress

which grant relief in these cases. In nearly all cases the points to

be determined require a field examination to verify the showing made

in the application, and to safeguard the action of the department

upon it. It should be understood that it is objectionable in principle

to amend a plat in any of these cases except upon the showing of large

and unwarranted discrepancies, or by demonstration of equitable title
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in the Government, as otherwise the making of the corrective survey

is frequently at the hazard of interference with private rights; and it

should be understood that no proof is required to show the whys and

wherefores of an erroneous meander line, but rather that the line as

run and as represented on the plat and in the field notes is in effect

grossly in error. The rule is concisely stated in John McClellen, 29

L. D. 514, 521-522 (1900):

It is not necessary to search for the source of the error. The result is the same

whether such error arose from mistake, inadvertence, incompetence, or fraud

on- the part of the men who made the former survey.

515. The general procedure in the survey of lands erroneously

omitted is outlined in section 223, chapter III, and section 380,

chapter V. The angle points of the original record-meander courses

are given serial numbers, avoiding duplication of the numbers where

there are two or more of such record-meander lines within a section.

The adjusted positions for the angle points are monumented, and

marked as shown in sections 279 and 346, chapter IV.

516. The requirements for making the plats to represent this type

of survey are outlined in sections 639 to 644, chapter IX.

517. It is important that the plat should carry a memorandum

precisely stating the situation with reference to the survey repre-

sented thereon, as:

The position of the original record-meander courses of the so-called Moon Lake

is shown by an irregular line with numbered angle points. This line as thus

originally reported was grossly in error, and has therefore been marked as a fixed

boundary, with the directions and lengths of the several courses adjusted to the

record of the original survey.

The position of the original record-meander courses of Ferry Lake fronting along

lot 4, section 9, and lots 2, 3, and 4, section 10, is shown by an irregular line with

numbered angle points. This line as thus originally reported was grossly in error,

and has therefore been marked as a fixed boundary, with the directions and

lengths of the several courses adjusted to the record of the original survey.

The position of the original record-meander courses of a lake reported as having

been located in section 36 is shown by an irregular line with numbered angle points.

This line as thus originally reported was grossly in error, and. with the exception

of certain courses fronting along lots 1, 2, and 9, has therefore been marked as a

fixed boundary, with the directions and lengths of the several courses adjusted

to the record of the original survey.

518. A memorandum will also be supplied with reference to the

dependent resurvey of the several section-line boundaries, as required

in section 425, chapter VI.

519. If there should be substantial areas of accretion to be dealt

with that fact will be brought out in the special instructions, with

an outline of the governing procedure, and the surveying work in

reference to all accretion areas will be distinctly mentioned in the

field notes and so shown upon the plat.
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520. Accretion is a term in general use to denote the lands formed

by the deposit of material along the bank of a body of water, or to

denote land uncovered by the recession of the water as by the lowering

of its level, and the right to such newly made land, unless reserved to

the State, attaches to the ownership of the ground along which the

accretion is formed. Where the title to the original subdivisions along

nonnavigable bodies of water is still in the Government, and where

there is similar title along navigable waters in those States where

there is no legal reservation to the State, such title carries the right

of the Government to subdivide the lands formed by accretion, or

by the recession of the water, and to administer the same under the

public land laws. If the original subdivisions were disposed of prior

to the formation of the accretion, or if the accretions that are formed

along navigable waters are reserved by State law, the Government

has no jurisdiction.

521. A few examples of the survey of erroneously omitted areas,

with a review of the facts, will serve to illustrate the practice:

522. Moon Lake case: The plat of T. 12 N., R. 9 E., fifth principal

meridian, Arkansas, approved October 27, 1845, shows a meandered

lake occupying the greater part of sections 22 and 27, and extending

a short distance into section 26. The field notes of the line between

sections 26 and 27 call for an intersection with the southeast side of

"Sunk Lake," here classed as impassable and navigable. The sur-

rounding fractional subdivisions as surveyed were all patented to the

State under the provisions of the swamp land grant.

The case originated on the report of the removal of timber from

portions of the area, under the color of title arising through the

ownership of the adjoining land, but it was indicated clearly in the

report that practically all of the area was high, dry land, covered with

a growth of large timber, with no difference in the character of the

land from that which had been included in the original subdivision,

and that the topography, elevation, and timber all revealed little if

any change since the date of the subdivision of the township.

The greater part of the tract was found to be covered with various

species of oak, maple, cottonwood, hickory, sycamore, hackberry,

cypress, and willow, many of the trees being of great age, 300 years or

more, and many of them indicating strictly upland site conditions.

Altogether the area was found to be level land, at about the same

elevation and* in some places higher than the surrounding lands,

though there was evidence of what had been a slough along parts of

the edge of the so-called lake.

523. By decision dated November 30, 1909, bearing departmental

approval, the Commissioner of the General Land Office held that the

area, 853.25 acres, was not a navigable lake on June 15, 1836, the date
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Fiocm 77.â��The Moon Lake case.

As no such body of water was ever present, riparian rights do not attach (sec. 523).
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when Arkansas was admitted into the Union, nor in 1841 at the date

of the subdivision of the township, but as the land was in place at that

period and not having been permanently covered by water, it was part

of the public domain, and that title had not passed from the Govern-

ment.

On November 5, 1917, the Supreme Court announced an opinion

{Lee Wilson tfc Company v. United States, 245 U. S. 24) denying: the

merits of the riparian claims to the area within the meander line of the

so-called lake, restating two legal propositions held indisputable

because settled by previous decisions:

First. Where, in a survey of the public domain a body of water or lake is found

to exist and is meandered, the result of such meander is to exclude the area from

thesurvey and to cause it as thus separated to become subject to the riparian rights

of the respective owners abutting on the meander line in accordance with the

laws of the several States. Hardin v. Jordan, 140 V. S. 371: A'r<m v. Calumet

Canal Co., 190 U. S. 452, 459; Hardin v. Shedd, 190 U. S. 508, 519.

Second. But where upon the assumption of the existence of a body of water or

lake a meander line is through fraud or error mistakenly run because there is no

such body of water, riparian rights do not attach because in the nature of things

the condition upon which they depend does not exist and upon the discovery of

the mistake it is within the power of the Land Department of the United States

to deal with the area which was excluded from the survey, to cause it to be sur-

veyed and to lawfully dispose of it. Kiles v. Cidar Point Club, 175 U. S. 300;

French-Glenn Live Stock Co. v. Springer, 185 U. S. 47; Security Land A Exploration

Co. v. Burns, 193 U. S. 167; Chapman A Dewey Lumber Co. v. St. Francis Levee

District, 232 U. S. 186.

Other important points in this and similar cases are found summar-

ized in the syllabus:

If, in the making of a survey of public lands, an area is through fraud or mistake

meandered as a body of water or lake where no such body of water exists, riparian

rights do not accrue to the surrounding lands, and the Land Department, upon

discovering the error, has power to deal with the meandered area, to cause it to

be surveyed, and lawfully to dispose of it.

The fact that its administrative officers, before discovery of the error, have

treated such a meandered tract as subjected to the riparian rights of abutting

owners, under the State laws, and consequently as not subject to di-posal under

the laws of the United States, cannot stop the United States from asserting its

title in a controversy with an abutting owner: and even as against such an owner,

who acquired his property before the mistake was discovered and in reliance upon

actions and representations of Federal officers carrying assurance that such riparian

rights existed, the United States may equitably correct the mistake and protect

its title to the meandered land. The equities of the abutting owner, if any, in

such circumstances are not cognizable judicially, but should be addressed to the

legislative department of the Government.

The swamp land act of September 28, 1850 (ch. 84, 9 Stat. 519), did not convey

land of its own force, without survey, selection, or patent.

524. The surveying work to be done in the Moon Lake case consisted

of a retracement of the boundaries of the several sections, a restoration
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of the obliterated comers, a remonumentation of all of the corners, a

retracement of the record meander line with monumentation of the

angle points, and a completion of the fractional section lines. Section

515.

525. Ferry Lake case: The plat of T. 20 N., R. 16 W., La. Mer.,

Louisiana, approved August 31, 1839, shows the north boundary of

the township discontinued on the bank of Ferry Lake. The line

between sections 10 and 11, in harmony with the remaining sub-

divisions, was discontinued on the lake bank, but the line between

sections 3 and 10, instead of being extended to the main lake front was

stopped on an arm or bay of the lake. The meander line through

section 3 could be, and was run with reasonable conformity, but in

section 10, owing to the failure to extend the northern section boundary

to the main lake front, there was no possibility of running a true

meander line; and excepting the end courses, the record line, as de-

veloped, bears no proper relation to the actual bank.

The plat of fractional sections 4, 9, and 10 of the same town-

ship, approved August 18, 1871, represents an extension of the lines

between sections 3 and 10, and between sections 4 and 9, to the

main lake front. The corner of sections 3, 4, 9, and 10 was estab-

lished in this survey, also a meander corner on the west side of a

narrow bayou which drains out of the north part of section 9; but

again, for no apparent reason, in running south on the line between

sections 9 and 10 the survey was terminated at a point more than

3,400 feet north of the bank of Ferry Lake. A part of the meander

courses in sections 4 and 9 were accurately run, but the remaining

courses, particularly those which connected with the terminal point

on the line between sections 9 and 10, were merely a traverse line

through the woods, though represented in the field notes and shown

on the plat to be the bank of the lake.

Such was the situation in this township until oil and gas were

discovered in large quantities, when in the years 1909 and 1910

applications were filed with the department to make mineral locations,

not only on the areas that had been erroneously omitted from the

official surveys, but within the bed of the lake, it being alleged that

large errors had been made in the running of the meander lines, that

the lake itself was merely a temporary body of water, and that it had

not been in existence as a navigable lake, such as would belong to

the State by right of sovereignty, and reserved to the State on

admission into the Union on April 30, 1812. In 1910 all of the

fractional lots adjoining the omitted area had been disposed of

by the United States.

The report of the field investigation included a review of con-

siderable historical data, expert studies of the geology of the lake
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angle points, and a completion of the fractional section lines. Section 
515. 

525. Fe1'1"lJ Lake case: The plat of T. 20 N., R. 16 W., La. Mer., 
Louisiana, approved August 31, 1839, shows the north boundary of 
the township discontinued on the bank of Ferry Lake. The line 
between sections 10 and 11, in harmony with the remaining sub
divisions, was discontinued on the lake bank, but the line between 
sections 3 and 10, instead of bring extended to the main lake front was 
stopped on an arm or bay of the lake. The meander line through 
section 3 could be, and was run with reasonable conformity, but in 
section 10, owing to the failure to extend the northern section boundary 
to the main lake front, there was no possibility of running a true 
meander line; and excepting the end courses, the record line, as de
veloped, bears no proper relation to the actual bank. 

The plat of fractional sections 4, 9, and 10 of the same town
ship, approved August 18, 1871, represents an extension of the lines 
between sections 3 and 10, and between sections 4 and 9, to the 
main lake front. The corner of sections 3, 4, 9, and 10 was estab
lished in this surrey, also a meander corner on the west side of a 
narrow bayou which drains out of the north part of section 9; but 
again, for no apparent reason, in running south on the line between 
sections 9 and 10 the survey was terminated at a point more than 
3,400 feet north of the bank of Ferry Lake. A part of the meander 
courses in sections 4 and 9 were accurately run, but the remaining 
courses, particularly those which connected with the terminal point 
on the line between' srctions 9 and 10, were merely a traverse line 
through the woods, though represented in the field notes and shown 
on the plat to be the bank of the lake. 

Such was the situation in this township until oil and gas were 
discovered in large quantities, when in the years 1909 and 1910 
applications were filed with the department to make mineral locations, 
not only on the areas that had been erroneously omitted from the 
official surveys, but within the bed of the lake, it being alleged that 
lar~(' orrors had been made in the running of the meander lines, that 
the lnke itself was merely a temporary body of water, and that it had 
not been in existence as a navigable lake, such as would belong to 
the State by right of sovereignty, and reserved to the State on 
admission into the Union on April 30, 1812. In 1910 all of the 
fractional lots adjoining the omitted area had been disposed of 
by the Vnited States. 

The rrport of the field investigation included a review of con
siderable historical data, expert studios of the geology of the lake 
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omission was of deliberate purpose or the result of such gross and palpable error as to constitute In effect

a fraud upon the Government (sec. 526).
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• fraud upon t.be Government (leO. 626). 
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basin, expert examination of the forest trees, and the surveying

situation, all leading to corroborative conclusions that Ferry Lake

was in fact present in 1812 as a navigable body of water, though

there had been a marked recession of the lake by 1910, and that in

neither of the surveys made in 1839 and 1871 had the lake been

correctly meandered in sections 9 and 10, either as it was at the

dates of the surveys or as it was in 1812.

The soil, topography, and timber on the omitted area were identi-

cally the same as found on the surveyed land, and for the greater

part of the length of the record meander line there was not the

slightest indication of there ever having been a lake bank or water-

washed escarpment of any kind. The forest growth on the omitted

land, which in the one body in sections 9, 10, 15, and 16 amounted

to 229.67 acres, included overcup oak, sweet gum, and red gum

on the lower levels, and on the remainder post oak, black-jack oak,

Spanish oak, hickory, pine, and other varieties, many of them of great

age, and clearly the descendants of a mixed forest that had occupied

the situation for many centuries. The overcup oak was found to

occupy a belt immediately above a belt of cypress timber principally,

but with some other varieties, which were found occupying the plain

terraces above and below an escarpment, easily traceable, which

had been made by the waters of Ferry Lake, and which continued,

without interruption, around the entire basin. A contour survey

showed the elevations in the omitted area in sections 9 and 10 to range

up to 17 feet above the former lake level.

526. Upon a review of the record, the Attorney General of the

United States, in a letter to the Secretary of the Interior, dated

September 11, 1916, concludedâ��

That no action should be taken to enforce or assert any claim by the Govern-

ment to that portion of the area involved which is covered by the waters of the

lake because if the State's title by virtue of its sovereignty should fail for any

reason, I see no way of successfully resisting her claim under the swamp land

grant.

However, in so far as concerns the land lying between the old meander line

and the waters of the lake, I entirely agree with you that it constitutes unsurveyed

public land of the United States, and * * *.

On January 2, 1923, the Supreme Court of the United States

announced an opinion {Jeems Bayou Fishing & Hunting Club v.

United States, 260 U. S. 561, 563-564), denying the claims to the land

in sections 9, 10, 15, and 16, adverse to those of the Government,

and commented:

The inaccuracy of the plat is plainly apparent upon a like inspection. Why

â�  made the survey and returned the plat as he did is a matter of speculation,

but the facts demonstrate that no survey of the large, compact body of land,

which includes the tract in controversy, was ever made. The circumstances,
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basin, expert examination of the forest trees, and the surveying 
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as well as the extent and character of the lands, necessitate the conclusion that

the omission was of deliberate purpose or the result of such gross and palpable

error as to constitute in effect a fraud upon the Government.

527. The surveying work to be done in the Ferry Lake case con-

sisted of the steps already noted in the Moon Lake case, sections 515

and 524; also a monument ation of the contour which agreed with the

evident mean high-water elevation of the lake, as it was hi the year

1812. The contour line, owing to the recession of the waters, was

needed to mark the boundary of the public land; thus recognizing, in

principle, not only the sovereignty of the State over the bed of the

lake, but as well the reservation to the State, under her law, of the

land uncovered by the recession of the water.

528. Crooked Lake and Bear Lake case: The plat of T. 43 N., R. 6

E., 4th Prin. Mer., Wisconsin, approved April 6, 1803, shows a mean-

dered lake in section 36. Meander corners were established regularly

on the south and east boundaries of the section. The field notes

show the running of meander courses through the section on opposite

sides of the lake, and call for high banks, along timbered land. No

mention is made of an arm of a lake extending north westerly into

section 25. The fractional lottings were disposed of according to

the representations of the plat.

By letter dated April 16, 1923, the Commissioner of the General

Land Office advised the Secretary of the Interior of an application to

make a forest lieu selection for the NE % SW % sec. 36 (lot 15, fig. 79),

which according to the representations of the township plat would

be located entirely within the bed of the meandered lake as above

described. This letter contains a review of the facts as developed

by a field examination, and concludes with a recommendation that

the land theretofore shown as a meandered lake be surveyed and a

proper plat constructed. The proposed action bears departmental

approval.

The report of the field examination showed the following facts:

The south and east boundaries of the section cross two lakes instead

of one, the lakes being separated by a body of land amounting to

236.90 acres contained within the lines represented on the original

plat as the banks of the one meandered lake. This area is rolling

upland ranging up to 50 feet above the level of either lake, and

forested with pine, hemlock, birch, maple and spruce timber. There

was no evidence of any changes in the water level of the lakes, nor of

any escarpment along the fictitious meander courses connecting them,

these lines having been found to traverse rolling land instead of

following a contour, with not the slightest difference between the

character of the land, soil or timber on the area theretofore surveyed

and that which had been omitted. The shores of the two lakes
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as well as the extent and character of the lands, necessitate the conclusion that 
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upland ranging up to 50 feet above the level of l'ithl'r lakl', and 
forested \\;th pine, hemlock, birch, mapl(' and sprucl' timh('r. Tll<'re 
was no evidence of any changes in t1l<.' watl'r }('vel of the lnkps, nor of 
any escarpment along tile fictitious ml'luul('r coursl's COIU1('ctillg' them, 
th{'se lines having been found to tm n'rse rolling land inst('ad of 
following a contour, with not the slight('st differ('nce bl'tween the 
character of the land, soil or timber on the ar('a theretofore surveyed 
and that which had been omitted. The shores of the two lakes 

526 
Dig ize b 

Original from 
UNIVERSITY OF INNESOTA 



SPECIAL SURVEYS AND INSTRUCTIONS

377

West M88Â°45'W23./0
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, Figcei 79.â��The Crooked Lake and Bear Lake case.

The south and east boundaries of the section cross two lakes instead of one, the lakes being separated by a

large body of land, ranging up to SO feet above the level of either lake, and heavily forested, while the shores

of the lakes are well defined.

Witness angle points Nos. 6 and 7 are established on the bank in order to show the directions of the lines

running from angle points Nos. 5 and 8.

were well defined, with banks from 3 to 8 feet high, bordered by a

strip of level land from 10 to 30 feet in width, surrounded by rolling

hills. The geologic formation, as well as the forest trees, indicated

great age.

The surveying work to be done consisted of the steps previously

outlined in the Moon Lake case. Sections 515, 524.

529. Lands omitted from the original survey lying between the

position for the record meander line and the actual bank of a lake,

stream, or tidewater, situated in front of Government-owned sub-

divisions, are subject to survey as public land although they may not

be of sufficient size and extent to constitute gross error or fraud in the
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FIGURE 79.-The Crooked Lake and Bear Lake case. 

The south and east boundaries of the section cross two lakes Instead of one, the lakes being separated by a. 
large body of land, ranging up to 50 feet above the level of either lake, and heavily forested, while the shOl'a' 
of the lakes are well deflned. 

Witness angle points Nos. 6 and 7 are establlahed on the bank In order to IIhow the dlrectloDII of tbe iiDe!' 

running from angle points Nos. 6 and 8. 

were well defined, with banks from 3 to 8 feet high, bordered by tt 

strip of levelland from 10 to 30 feet in width. surrounded by rolling 
hills. The geologic formation, 88 well os the forest trees, indicated 
great age. 

The surveying work to be done consisted of the steps previously 
outlined in the .Moon Lake case. Sections SIS, 524 . 
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original surveys. If title to all the subdivisions in a section, shown

to be riparian by the plat of the original survey, is still in the Govern-

ment, and there is no reason for retaining the original lottings, new

areas and designations may be returned for the public land; this pro-

cedure ordinarily is not invoked unless warranted by the values

involved, or justified by the difference in area of the subdivisions. How-

ever, when title to some of the record riparian subdivisions has passed

into private ownership and no claim can be maintained by the United

States to the omitted land in front of those subdivisions, partition lines

should be run and monumented segregating the public land from the

area belonging to the private owners. Generally it is necessary in

such cases to subdivide the sections in the regular manner, reestablish

the original meander line and re-meander the body of water. Lot

numbers and areas will be shown on the official plat for the public land

being surveyed for the first time. In those cases where title to all the

land in a section based upon the plat of the original survey has passed

from the Government, it will not be necessary to reestablish the

original meander line. This line will be protracted upon the survey

plat, which should be prepared in the manner similar to the method

adopted for showing an area formed by accretion in front of patented

lands (fig. 88, ch. IX). A marginal note should be added to the plat

stating that the ownership of the areas, which are not public land,

shown in front of the patented lots, is governed by the laws of the State.

Partition lines dividing areas omitted from survey between the

Government and the private owners should be run in the same manner

as partition lines dividing areas formed by the process known as

accretion. The rule applied by the United States Supreme Court in

the case of Johnston v. Jones, 1 Black 209, 222, 223 (1861), results in an

equitable and just division and should be followed unless it is contrary

to the law of the State in which the work is being executed. This rule,

stated briefly, is to apportion the new frontage along the water

boundary in the same ratio as that along the line of the record meander

course.

SWAMP AND OVERFLOWED LANDS

TIDE LANDS

530. References are made in sec. 4 to the coastal limits of the public

domain as defined by mean high tide, and in sec. 5, Chapter I, to the

several acts of Congress which granted to certain States the swamp

lands within their respective boundaries. The references are con-

tinued in sees. 226 to 233, and in paragraph 10, sec. 236, Chapter

III, under the general subjects of the meandering of bodies of water

and classification of land.
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Tide lands include all coastal areas that are situated above mean

low tide and below mean high tide, particularly as such areas are

alternately uncovered and covered by the ebb and flow of the ordinary

daily tides. Overflowed lands include essentially the lower levels

within a stream flood plain as distinguished from the higher levels,

according to the characteristic effect of submergence where long

continued. Swamp lands include all other marshes and intermittent

ponds which do not have effective natural drainage, particularly

where such conditions are long continued.

531. The Supreme Court of the United States in Baer v. Moran

Bros. Co., 153 U. S. 287 (1894), states that tide lands are those which

are uncovered at low tide and are covered at ordinary high tide. In

Pollard's Lessee v. Hagan, 15 Curtis, 391, 403 (1844), the Supreme

Court held:

The shores of navigable waters and the soil under them were not granted by

the Constitution of the United States, but were reserved to the States,

respectivelyâ��

and in Mumford v. Wardell, 6 Wall. 423, 436 (1867), the court said:

The settled rule of law in this court is that the shores of navigable waters and

the soil under the same in the original States, were not granted by the Constitu-

tion to the United States, but were reserved to the several States, and that the

new States, since admitted, have the same rights, sovereignty, and jurisdiction in

that behalf as the original States possess within their respective borders.

In San Francisco v. LeRoy, 138 U. S. 656 (1891), the court stated:

The lands which passed to the State upon her admission to the Union were not

those which were affected occasionally by the tide, but only those over which tide-

water flowed so continuously as to prevent their use and occupation. To render

lands tidelands, which the State by virtue of her sovereignty could claim, there

must have been such continuity of the flow of tidewater over them, or such regu-

larity of the flow within every twenty-four hours, as to render them unfit for

cultivation, the growth of grasses or other uses to which upland is applied.

532. In the light of the decisions it is clearly indicated that coastal

"salt marshes" that are covered by the daily tide belong to the States

by right of sovereignty, and such areas are not subject to survey.

Coastal marshes that are not covered by the daily tide are subject to

survey, but being low in elevation and usually saturated will be classi-

fied as swamp and overflowed within the meaning of the several grants.

533. Kiparian rights, as defined by the laws of the several States,

which are applicable within the beds of lakes, streams, and tidal

waters, are not enforceable over the swamp and overflowed lands

granted to the States.

534. Where surveys or field examinations are to be made covering

or relating to swamp and overflowed lands, the special instructions

should point out the particular questions which are presented, and in
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Tide lands include all coastal areas that are situated above mean 
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In San Francisco v. LeRoy, 138 U. S. 656 (1891), the court stated: 

The lands which passed to the State upon her admission to the Union were not 
those which were affected occasionally by the tide, but only those over which tide
water flowed so continuously as to prevent their use and occupation. To render 
lands tidelands, which the State by virtue of her sovereignty could claim, thel'f" 
must have been such continuity of the flow of tidewater over them, or such regu
larity of the flow within every twenty-four hours, as to render them unfit for 
cultivation, the growth of grasses or other uses to which upland is applied. 

532. In the light of the decisions it is clearly indicated that coastal 
"salt marshes" that are covered by the daily tide belong to the States 
by right of sovereignty, and such areas are not subject to survey. 
Coastal marshes that are not covered by the daily tide are subject to 
survey, but being low in elevation and usually saturated will be classi
fied as swamp and overflowed within the meaning of the several grants. 

533. Riparian rights, as defined by the laws of the several States, 
which are applicable within the beds of lakes, streams, and tidal 
waters, are not enforceable over the swamp and overflowed lands 
granted to the States. 

534. Where surveys or field examinations are to be made covering 
or relating to swamp and overflowed lands, the special instructions 
should point out the particular questions which are presented, and in 
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general, in aid of the adjustments which are required by the swamp

land granting acts, the following rules will be observed:

1. According to R. S. sec. 2481 (43 L. S. C. sec. 984), any legal subdivision

the greater part of which is "wet and unfit for cultivation," shall be included

in the list, but when the greater part of a subdivision is not of that character the

whole of it shall be excluded. The "legal subdivision" mentioned herein is the

usual quarter-quarter section or lot as shown by the plat of survey.

2. In order to bring land within the definition of the several swamp land grant-

ing acts, the greater part of any quarter-quarter section or any lot must have been

so swampy or subject to overflow during the planting, growing, or harvesting

season, in tne majority of years at or near tne date of the grant, as to be unfit for

cultivation in any staple crop of the region in which it is located, without the use

of some artificial means of reclamation, such as levee protection or drainage ditches.

3. A subdivision which becomes swampy or overflowed at a season of the year

when this condition does not interfere with the planting, cultivating, or harvest-

ing of a crop at the proper time and by the ordinary methods, and so not being

"made unfit thereby for cultivation," does not pass to the State under the swamp-

land grant.

4. Tame grass or hay, when produced by the ordinary methods of preparing

the ground, will be considered a staple crop, as well as the cereals, or cotton, or

tobacco.

5. In the administration of the several acts granting the swamp lands, the States

have been allowed optional methods of preparing the lists of the subdivisions

that are to be identified as swamp and overflowed within the meaning of said

acts, but in every survey, the duty devolves upon the engineer to determine with

accuracy the position and extent of the swamp and overflowed land within the

area under survey, regardless of the methods employed by the States in asserting

claims.

6. The States of Alabama, Indiana, Louisiana, Michigan, Minnesota (except-

ing as to lands within the Indian reservations), Mississippi, Ohio, and Wisconsin

have elected to base their swamp-land lists on the field-note record, and in these

States it is imperative that the field notes of the survey include a specific list of

the subdivisions each of which is more than 50 per cent wet and unfit for cultiva-

tion, regarding such character as at the date of the passage of the granting act.

Arkansas, by the Act of April 29, 1898 (30 Stat. 367; 43 U. S. C. sec. 991), relin-

quished all right, title, and interest to the remaining unappropriated swamp and

overflowed lands within its boundaries.

7. In California, under R. S. sec. 2488 (43 U. S. C. sec. 987), the swamp-land

lists are based upon the representations of the plat of the survey, and in this State

it is imperative that the plats correctly show the conditions in this respect.

8. The selection of the swamp lands within the States of Florida, Illinois, Iowa,

Missouri, and Oregon, and within the Indian reservations in the State of Min-

nesota, is based upon investigations and reports by representatives of the State

and of the Bureau of Land Management, but this does not set aside the Manual

requirements for the usual complete showing of the character of the land.

535. It is always of importance to note any marked changes in the

water level and drainage conditions of the region, and to ascertain

the situation which obtained at the date of the granting act, and in

all such inquiries it is proper to secure the testimony of persons who

have known the lands for the longest periods. The most convincing
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SPECIAL SURVEYS AND INSTRUCTIONS 381

evidence relative to the character of the land at the date of the grant-

ing act will be afforded by the older native forest trees, if any are

present, or where their stumps remain, as these will reflect their site

conditions with great certainty.

This line of investigation will require an inquiry into the habitat

of the forest species which are found, particularly as to whether the

usual range of the tree is within low wet ground, as for example the

cypress, tupelo, sweet gum, water ash, water locust, and red bay of

the southern latitudes, and the tamarack, white cedar, black spruce,

swamp spruce, and black ash of the northern latitudes of the United

States. The presence of any of the species named indicates the

possibility of swamp land, and while conclusive with some of them,

others of the species named have a wider range and may be found

associated with upland varieties. If upland varieties are present

the plain inference will be that the site conditions are that of upland,

even though a forest species may favor moist rich soil.

SOIL CLASSIFICATION

536. The subject of soil classification is referred to in paragraphs

8 and 20, section 236, chapter III. It is one of considerable impor-

tance when related to the development of the public domain, not

only to the prospective settler but for the value to be found in this

field-note information for use in all general soil surveys and in the

administration of forest lands. While it is beyond the purpose of

the Manual to go into a subject which belongs properly to another

scientific branch, yet it is apparent (R. S. sec. 2395; 43 U. S. C. sec.

752; Manual, sec. 6), that the general laws require the engineer to

note and to report upon the soil types.

537. The objective to be stressed in this line of observation is to

report upon the characteristic soil types, which when considered in

relation to the normal moisture conditions, including precipitation

and drainage, the possibility of irrigation at reasonable cost, the

climatic conditions, elevation above sea level, and latitude, will

bring out the adaptability of the soil for farming purposes, grazing

or forestry, or whether it is desert or waste rocky land.

538. An outline of the various soil types, their make-up, and their

use, is presented below to the end that it may serve as a guide to

the engineer, both in the field and for his inquiry into technical

books on the subject:

1. Soil types, based on texture: Gravel, coarse and fine; sand,

coarse and fine; sandy loam; silt loam; loam; clay, heavy and light;

and muck.

2. Structure: Single grained, pulverulent, and lumpy.

538

SPECIAL SURVEYS AND INSTRUCTIONS 381 

evidence relative to the character of the land at the date of the grant
ing act will be afforded by the older native forest trees, if any are 
present, or where their stumps remain, as these will reflect their site 
conditions with great certainty. 

This line of investigation will require an inquiry into the habitat 
of the forest species which are found, particularly as to whether the 
usual range of the tree is within low wet ground, as for example the 
cypress, tupelo, sweet gum, water ash, water locust, and red bay of 
the southern latitudes, and the tamarack, white cedar, black spruce, 
swamp spruce, and black ash of the northern latitudes of the United 
States. The presence of any of the species named indicates the 
possibility of swamp land, and while conclusive with some of them, 
others of the species named have a wider range and may be found 
associated with upland varieties. If upland varieties are present 
the plain inference will be that the site conditions are that of upland, 
even though a forest species may favor moist rich soil. 

SOIL CLASSIFICATION 

536. The subject of soil classification is referred to in paragraphs 
8 and 20, section 236, chapter III. It is one of considerable impor
tance when related to the development of the public domain, not 
only to the prospective settler but for the value to be found in this 
field-note information for use in all general soil surveys and in the 
administration of forest lands. While it is beyond the purpose of 
the Manual to go into a subject which belongs properly to another 
scientific branch, yet it is apparent (R. S. sec. 2395; 43 U. S. C. sec. 
752; Manual, sec. 6), that the general laws require the engineer to 
note and to report upon the soil types. 

537. The objective to be stressed in this line of observation is to 
report upon the characteristic soil types, which when considered in 
relation to the normal moisture conditions, including precipitation , 
and drainage, the possibility of irrigation at reasonable cost, the 
climatic conditions, elevation above sea level, and latitude, will 
bring out the adaptability of the soil for farming purposes, grazing 
or forestry, or whether it is desert or waste rocky land. 

538. An outline of the various soil types, their make-up, and their 
use, is presented below to the end that it may serve as a guide to 
the engineer, both in the field and for his inquiry into technical 
books on the subject: 

1. Soil types, based on texture: Gravel, coarse and fine; sand, 
coarse and fine; sandy loam; silt loam; loam; clay, heavy and light; 
and muck. 

2. Structure: Single grained, pulverulent, and lumpy. 

Dig ize b 
riginal from 

UNIVERSITY OF INNESOTA 
538 



382 MANUAL OP SURVEYING INSTRUCTIONS

3. Color: Surface soil and subsoil, both when dry and when wet.

4. Depth: Surface soil and subsoil.

5. Location: River bottom or flood plain, bench, slope, plateau,

prairie, and mountain.

6. Topography: Level, rolling, broken, hilly, and mountainous;

and elevation above sea level.

7. Drainage: Direction, depth to water table, and quality, as

poor, good, or erosive.

8. Mode of formation: Water laid, glacier laid, wind laid, and

residual.

9. Chemical properties: Acidity, alkalinity, and humus content.

10. Geological derivation:

(a) Sedimentary rocks: (1) Formed of fragments of other rock

transported from their sources and deposited as conglomerate, sand-

stone, and shale; and (2) formed by simple precipitation from solu-

tion, as limestone, or of secretions of organisms, as some coastal rocks.

(6) Metamorphic rocks: Formed through change in constitution,

expecially those due to great pressure, heat, and water, and resulting

in a more compact or more highly crystalline condition, including,

for example, quartzite, marble, slate, and schist.

(c) Igneous rocks: Formed through the action of intense heat,

including, for example (first, eruptive rocks), basalt, lava, and vol-

canic ash; (second, trap rock) felsite and quartz-porphyry; and (third,

granular rock) granite, diorite, and porphyry.

Soil studies: Manual Appendix VII.

539. The soil has its origin in the material which comes from

the disintegration of tho rocks. Roots and other vegetable matter

in the soil are by decay gradually converted into humus, which is

found only in the surface soil, and in quantities which vary with the

activity and profusion of plant life. Plant food comes from the

chemical elements contained within the rock and the humus, one is

the product of the inorganic, the other a product of the decomposition

of the organic matter. There are four elements that the plants

mainly need in soilsâ��phosphorus, potassium, nitrogen, and calciumâ��

the others usually being present in plentiful supply and so of less

importance in considering the fertility. The physical properties of

the humus are of the greatest importance in relation to the fertility

of the soil, and the humus confers upon the soil the power of absorbing

and retaining the moisture.

The soil bacteria thrive best in one which is rich in decaying vege-

tation, with favorable proportions of lime, air, light, warmth, and

moisture, and through their presence much nitrogen is taken from the

air for storage in the ground. The relation of these things leads to
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the notable observation that soils seem to select their plants, or vice

versa. There is found in a certain soil type one class of grasses or

forest cover, in another soil very different plant life. These are the

keys to a study of the soils, and when all are considered in connection

with the moisture, climatic, and other conditions of the environment,

will very largely determine its value for agriculture, stock grazing,

or forestry.

540. The following is an illustration of a general description of

the land and soil types found within a selected township, designed

to bring out rather minute references to the soil structure:

Land, level, and gently rolling plateau, with elevation from 500 to 700 feet

above sea level. Soil, fine sandy loam; surface soil dark gray to black, rich in

humus, from 10 to 15 inches deep; subsoil, light brown loam, 36 inches deep,

resting on gravel bed; sedimentary origin, lake laid. Drainage good, the stream

system being the river and its tributaries. The normal precipitation of

the region is ordinarily deficient for general farming, but the soil is well adapted

to any of the cereals usually grown in this latitude by dry-farming methods,

and it produces excellent grasses, both native and tame.

540

SPECIAL SURVEYS AND INSTRUCTIONS 383 

the notable observation that soils seem to select their plants, or vice 
versa. There is found in a certain soil type one class of grasses or 
forest cover, in another soil very different plant life. These are the 
keys to a study of the soils, and when all are considered in connection 
with the moisture, climatic, and other conditions of the environment, 
will very largely determine its value for agriculture, stock grazing, 
or forestry. 

540. The following is an illustration of a general description of 
the land and soil types found within a selected township, designed 
to bring out rather minute references to the soil structure: 

Land, level, and gently rolling plateau, with elevation from 500 to 700 feet 
above sea level. Soil, fine sandy loam; surface soil dark gray to black, rich in 
humus, from 10 to 15 inches deep; subsoil, light brown loam, 36 inches deep, 
resting on gravel bed; sedimentary origin, lake laid. Drainage good, the stream 
system being the river and its tributaries. The normal precipitation of 
the region is ordinarily deficient for general farming, but the soil is well adapted 
to any of the cereals usually grown in this latitude by dry-farming methods, 
and it produces exoellent grasses, both native and tame. 

• 540 

Dig ize b 
Original from 

UNIVERSITY OF INNESOTA 



Oi 12 
Original from 

UNIVERSITY OF INNESOTA 



Chapter VIII

FIELD NOTES
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541. Purpose and style 385

546. Titles... 386

548. Index 390

549. Page headings 390
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Abbreviations 390

The detailed field note rec-

ord. 392

Specimen field notes 395

PURPOSE AND STYLE

541. The field notes are the written record of the survey. It

is essential that this record show an appropriate identification of

the lines previously established from which the survey has been ex-

tended, with suitable "calls" referring to the alinement and meas-

urements, description of topography along the lines surveyed, and

monumentation of the work. All new subdivisions to be platted and

the quantity of land in each unit are derived from the field notes,

and this record will be, in turn, the basis for the identification of the

boundaries. The early laws on public-land surveys comprehended

the importance of the field notes, and this chapter of the Manual

is devoted to outlining the requirements, with examples of the various

forms of record.

542. The initial notes are kept in pocket field tablets. The final

field notes for filing are transcribed from the field tablets, and are

typewritten upon regulation field note paper. It is desirable that

the final field notes be made to conform to the general arrangement

and phraseology set out in the Manual. It is obvious, for practical

reasons, that a large part of the final field notes must be extended

from an abbreviated field record, and equally apparent that much

of the minute detail of the initial notes may be appropriately sum-

marized into a form of record which will refer directly to the completed

survey. This distinction in the two stages of the record is carried

through the text. The subject hi hand is that of the transcribed field

notes, the record that is extended from the field tablets; this record is

termed the "field notes."

543. There will be entered in the field tablets all appropriate notes

of the method/and the order of the procedure; the dates will be shown

when engaged upon each part of the work; and the division will be

noted if the work is divided between two or more parties. These

notes will also show the minute detail of all observations for time,
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386 MANUAL OF SURVEYING INSTRUCTIONS

latitude, and azimuth; the resulting directions of the lines run; the

measurements; and all necessary descriptions. The preceding chap-

ters contain explicit instructions on these subjects which do not need

to be repeated. It suffices to state that the record made*in the field

tablets should supply, along the plan already laid down in the pre-

ceding chapters, all information which may be needed for a complete

verification of the final transcript record.

544. The need for choice of methods in handling the great variety

of survey types makes it desirable that judgment be exercised as to

whether part of the work of entering the initial record in the field

tablets shall be allotted to one or more assistants, and how the notes

are to be arranged. The chief of field party is necessarily charged

with responsibility for the accuracy and sufficiency of this record, all

subject to the approval of the regional or public survey office.

The work of transcribing the record usually receives the personal

attention of the engineer, but as that is not always the case, it is

important that the arrangement of the notes in the tablets and the

use of abbreviations be such as to be readily understood by others

who are familiar with the technical processes. It follows that due

regard should be given to the Manual requirements and form, though

it is intended that set forms of expression be used flexibly and modi-

fied when necessary to conform to the survey procedure. The work

of the reviewing officers will be directed to the fundamental require-

ments of the Manual and the written special instructions, and the

comments, if any, as to the form of the transcribed field notes, will be

based upon broad grounds.

Random lines with fallings will be shown in the field tablets but

will be omitted from the transcribed field note record except where

needed to show the detail of a triangulation, offset, traverse, or stadia

measurement. Sections 16, 23, 33, 35, 38, 154, 181, and 555.

545. The township will be considered as the unit in compiling the

field notes and normally the field notes of all classes of lines pertain-

ing to a township, when concurrently surveyed and not previously

compiled, will be included in a single book. In the survey of a block

of exterior lines only, all of the field notes may be placed in one book.

TITLES

546. Each book of field notes will be included in a regulation cover,

with appropriate title setting out general information as follows:

1. The description of the lines recorded in that book;

2. The principal meridian to which the survey refers;

3. The State in which the survey is located;

4. The name or names of the engineers by whom the work was

executed;
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neC'ded to show the detail of a triangulation, offset, traverse, or stadia 
measurement. Sections 16, 23, 33, 35, 38, 154, 181, and 555. 

545. The township will be considered as the unit in compiling the 
field notes and normally the field notes of all classes of lines pertain
ing to a township, when concurrently surveyed and not previously 
compiled, will be included in a single book. In the survey of a block 
of exterior lines only, all of the field notes may be placed in one book. 

TITLES 
546. Each book of field notes will be included in a regulation cover, 

with appropriate title setting out general information as follows: 
1. The description of the lines recorded in that book; 
2. The principal meridian to which the survey refers; 
3. The State in which the survey is located; 
4. The name or names of the engineers by whom the work was 

executed; 
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5. The date of the special instructions, with serial group number,

and date of approval;

6. The date of the assignment instructions; and,

7. The dates of the beginning and completion of the work included

in that book.

Examples of Titles

Field Notes

Of the Survey of the

Tenth Standard Parallel North,

Along the South Boundary of Township 41 North,

Through Ranges 13, 14, 15, and 16 West;

and the

Fourth Guide Meridian West,

Through Townships 41, 42, 43, and 44 North,

Between Ranges 16 and 17 West.

East and North Boundaries of

Townships 41 and 42 North,

Ranges 15 and 16 West.

Subdivisional and Meander Lines of

Township 41 North, Range 15 West.

West and North Boundaries

and

Subdivisional and Meander Lines of

Township 41 North, Range 13 West.

(AH)

Of the Sixth Principal Meridian

In the State of Wyoming,

Executed by

Wm. C. Jones, Cadastral Engineer.

John B. Smith and Fred A. Brown,

Cadastral Engineers.

(All)

Under special instructions dated June 30, 1945, which provided for

the surveys included under Group No. 205, approved July 10, 1945;

and assignment instructions dated July 15, 1945.

Survey commenced July 25, 1945.

Survey completed October 10, 1945.

547. The descriptive portion of the title will be appropriately

modified if there is a fractional portion of a township included in a

survey, and for all resurveys and fragmentary surveys, as for example:

(Or)

(Or)

(Or)

(Or)
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Field Notes

Of the Dependent Resurvey and Survey of

A portion of Subdivisional Lines

Completing (or continuing) the

Subdivision of

Township 39 South, Range 18 East.

(Or)

(Or)

(Or)

(Or)

(Or)

(Or)

Field Notes

Of the Survey of

Four Islands in Burntsidc Lake,

In Sections 13, 20, and 29,

Township 63 North, Range 13 West.

Field Notes

Of the Survey of

Fiddlers Island in Venice Bay,

In Section 1,

Township 39 South, Range 18 East.

Field Notes

Of the Dependent Resurvey of the

Exterior and Subdivisional Lines of

Township 18 South, Range 59 West.

Field Notes

Of the Dependent Resurvey of the

Eleventh Standard Parallel North,

Along the South Boundary of Township 45 North,

Through Range 79 West;

The East Boundary of

Township 45 North, Range 80 West;

and the

South Boundary of

Township 46 North, Range 79 West.

Field Notes

Of the Independent Resurvey of the

East Boundary and Subdivisional Lines of

Township 45 North, Range 79 West,

and

Metes-and-Bounds Survey of Private Claims.

Field Notes

Of the Dependent Resurvey of the Boundaries of the

Anastasia Island Lighthouse and Military Reservations,

In Sections 21, 22, 27, and 28,

Township 7 South, Range 30 East.
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(Or)

Field Notes

Of the Dependent Resurvey and Extension of Lines

Subdividing the so-called Moon Lake,

In Sections 22, 26, and 27,

Township 12 North, Range 9 East.

(Or)

Field Notes

Of the Dependent Resurvey and Extension of Lines

Subdividing Land Bordering Ferry Lake and James Bayou,

In Sections 9, 10, 15, and 16,

Township 20 North, Range 16 West.

(Or)

Field Notes

Of the Retracement and Extension of Lines

Subdividing Accretion Area Bordering Red River,

Including Riverbed Tracts,

In Sections 4, 5, and 8,

Township 5 South, Range 14 West.

(Or)

Field Notes

Of the Dependent Resurvey of the Section Boundaries,

The Subdivision of the Sections,

and

The Establishment of Corners of Indian Allotments,

Sections 9, 10, and 15,

Township 143 North, Range 30 West.

(Or)

Field Notes

Of the Dependent Resurvey of the Section Boundaries,

The Subdivision of the Sections,

and

The Establishment of the Boundary, Block and Lot Corners,

And Street Center-Lines of the

Town site of Lac du Flambeau, in

Sections 5 and 8,

Township 40 North, Range 5 East.

(Or)

Field Notes

Of the Dependent Resurvey of the Section Boundaries,

And the Metes-and-Bounds Survey of a body of land classified

as mineral bearing, included within the Whitmore Quartz

and the Monday Quartz Mining Claims, in

Section 22,

Township 7 North, Range 12 East.

(Or)

Field Notes

Of a Traverse of the Workings in the

Badger Coal Mine

and

A Dependent Resurvey and Subdivision

of Section 15,

Township 36 North, Range 75 West.
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Index

548. Upon the completion of the field notes of each hook there

will be prepared a small-scale index diagram of the lines included

in that book. A form diagram will bo employed ordinarily, but it

is frequently necessary to construct a special diagram to suit the

work; in the latter case a sheet of regulation field-note paper, or

a sheet of the same size, will be employed, and a scale adopted that

is suited to the available space. It is usually preferable to orient

the diagram with north to the top of the page, though sometimes

the outline of the work is such that it is better to orient the diagram

with north to the left-hand (or binding) edge. The index diagram

should show all of the lines the record of which is included within

the book, with page numbers referring to such record to be shown

upon the lines of the diagram. Meanders and other irregular lines

will be drawn and indexed. The index sheet will be inserted in the

book on the inside of the front cover, to appear on the right-hand

side, without page number; no field notes will be written on the

index sheet.

Where two or more engineers execute a survey the portion sur-

veyed by each engineer will be indicated by symbol on the index

diagram as indicated in appendix VIII.

Page Headings

549. Each page of the field notes will be given a heading. Such

heading will be a short summary of the title of the field notes to

be continued on that page. New headings will be employed within

the body of the field notes where changes are made to a new division

of the survey; this will become the heading of the pages that follow.

Examples will be found in the specimen field notes.

Abbreviations

550. The following abbreviations, especially suited to field notes

of surveys and designed for brevity, are permitted in the final tran-

script record, and are employed generally in the field notes where

repetitions in the form of the record and the expressions used are

such as to make the abbreviations readily understood. These

abbreviations are employed in the field-note record in addition to

those shown in chapter II for analytical notation of observations,

and those shown in chapter IV for marks upon monuments. Some

of these abbreviations, as appropriate, are employed upon the town-
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ship plat. An extended explanation of the use of the trigonometric

formulas frequently employed is contained in tables 24 and 25,

Standard Field Tables. All abbreviations will be given capital or

lower-case letters the same as would be proper if the spelling were

to be completed.

Table of Abbreviations

A.

for acres.

mer.

for meridian.

alt.

for altitude.

Mi. Cor.

for mile corner.

a. m.

for forenoon.

mkd.

for marked.

Am.

for amended.

M. S.

for mineral survey.

ang.

for angle.

nat.

for natural function.

app. noon.

for apparent noon.

N.

for north.

app. t.

for apparent time.

NE.

for northeast.

asc.

for ascend.

NW.

for northwest.

astron.

for astronomical.

No.

for number.

B. M.

for bench mark.

obs.

for observe.

bet.

for between.

obsn.

for observation.

bdy., bdrs.

for boundary, bounda-

orig.

for original.

ries.

p. m.

for afternoon.

ch., chs.

for chain, chains.

pt.

for point.

cor., core.

for corner, corners.

Prin. Mer.

for principal meridian.

corr.

for correction.

}i sec.

for quarter section.

decl.

for declination.

R., B.s.

for range, ranges.

dep.

for departure.

red.

for reduction.

desc.

for descend.

rev.

for reverse.

diam.

for diameter.

s.

for second, seconds.

diff.

for difference.

sec, sees.

for section, sections.

dir.

for direct.

S.

for south.

dist.

for distance or distant.

SE.

for southeast.

E.

for east.

SW.

for southwest.

e. e.

for eastern elongation.

sq.

for square.

elev.

for elevation.

Stan. Par.

for standard parallel.

elong.

for elongation.

sta.

for station.

ft.

for foot, feet.

tele.

for telescope.

frac.

for fractional.

temp.

for temporary.

Gr.

for Greenwich.

t.

for time.

G. M.

for guide meridian.

T., Tp., Tps.

for township, townships.

hor.

for horizontal.

tri.

for triangulation.

h.

for hour, hours.

u. c.

for upper culmination.

h. a.

for hour angle.

U. S. L. M.

for United States loca-

in., ins.

for inch, inches.

tion monument.

lat.

for latitude.

U. S. M. M.

for United States min-

Ik., Iks.

for link, links.

eral monument.1

1. m. noon.

for local mean noon.

vert.

for vertical.

1. m. t.

for local mean time.

w. corr.

for watch correction.

log.

for logarithmic function.

w. t.

for watch time.

long.

for longitude.

W.

for west.

1. c.

for lower culmination.

w. e.

for western elongation.

m.

for minute, minutes.

X.

for separating dimension

meas.

for measurement.

values.

> A term formerly employed; it has been discontinued as the term "location monument" is preferred.
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ship plat. An extended explanation of the use of the trigonometric 
formulas frequently employed is contained in tables 24 and 25, 
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to be completed. 

A. 
alt. 
a. m. 
Am. 
ang. 
app. noon. 
app. t. 
asc. 
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B. M. 
bet. 
bdy., bdrs. 

M., cha. 
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corr. 
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dep. 
desc. 
diam. 
dUf. 
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E. 
e. e. 
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elong. 
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lat. 
Ik., Iks. 
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1. m. t. 
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long. 
1 c. 
m. 
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Table of Abbreviations 

for acres. 
for altitude. 
for forenoon. 
for amended. 
for angle. 
for apparent noon. 
for apparent time. 
for ascend. 
for astronomical. 
for bench mark. 
for between. 
for boundary, bounda-

ries. 
for chain, chains. 
for corner, corners. 
for correction. 
for declination. 
for departure. 
for descend. 
for diameter. 
for difference. 
for direct. 
for distance or distant. 
for east. 
for eastern elongation. 
for elevation. 
for elongation. 
for foot, feet. 
for fractional. 
for Greenwich. 
for guide meridian. 
for horizontal. 
for hour, hours. 
for hour angle. 

mer. 
Mi. Cor. 
mkd. 
M.S. 
nat. 
N. 
NE. 
NW. 
No. 
obs. 
obsn. 
orig. 
p.m. 
pt. 
Prine Mer. 
}~ sec. 
R., Rs. 
red. 
rev. 
S. 

sec., secs. 
S. 
SE. 
SW. 
sq. 
Stan. Par. 
sta. 
tele. 
temp. 
t. 
T., Tp., Tps. 
trio 
u. C. 
U. S. L. M. 

for meridian. 
for mile corner. 
for marked. 
for mineral survey. 
for natural function. 
for north. 
for northeast. 
for northwest. 
for number. 
for observe. 
for observation. 
for original. 
for afternoon. 
for point. 
for principal meridian. 
for quarter section. 
for range, ranges. 
for reduction. 
for reverse. 
for second, seconds. 
for section, sections. 
for south. 
for southeast. 
for southwest. 
for square. 
for standard parallel. 
for station. 
for telescope. 
for temporary. 
for time. 
for township, townships. 
for triangulation. 
for upper culmination. 
for United States loca-

tion monument. for inch, inches. 
for latitude. U. S. M. M. for l"nited States min-
for link, links. 

vert. for local mean noon. 
for local mean time. w. corr. 
for logarithmic function. W. t. 
for longitude. W. 
for lower culmination. w. e. 
for minute, minutes. x. 
for measurement. 

eral monument.1 

for vertical. 
for watch correction. 
for watch time. 
for west. 
for western elongation. 
for separating dimension 

values. 

I.A. term formerly employed; It hBB been discontinued 88 the term "location monument" Is preferred. 
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THE DETAILED FIELD-NOTE RECORD

551. Coming now to tlie body of the field notes, attention is again

directed to those sections of the preceding chapters which deal with

the preliminaries of the field work and to the Manual requirements

in regard to the field-note record.

552. The purpose of the record, in reference to the introductory

statements, is to qualify the survey structure; the data to be supplied

are as follows:

1. A description of the instruments employed, and the adjustments and tests

(a reference to where the record will be found may be supplied if it is contained

in another book of field notes of the same series);

2. A description of the measuring tapes, and their test for accuracy;

3. A description of any special methods employed;

4. A description of the point of beginning and its geographic position; and,

5. The observed magnetic declination.

553. The following list will assist in locating many specific require-

ments in regard to the field-note record, often with examples of forms

of record:

Measurements: Descriptions required, sections 16, 23, 35, 141, 142, 575;

examples, sections 18, 20, 27, 29, 32, 38.

Instruments, and requirements as to their adjustment: Descriptions required,

sections 42, 43, 44, 45, 46.

Magnetic declination: section 40.

Observations for time: Descriptions required, section 91; examples, sections 51,

70, 71, 75, 108, 111, 113, 114, 116, 123.

Observations for latitude: Descriptions required, section 73; examples, sections

74, 75, 76, 113, 115, 116, 123.

Observations for azimuth: Descriptions required, sections 40 to 46, incl., 81;

examples, sections81,87,88,90,97,98,108,109,110,112,113,114,115,120,122,123.

Standard lines: Sections 141, 142, 143, 146.

Township exteriors: Sections 151, 154, 160, 163, 167.

Subdivisional lines: Sections 180,187,190,192, 215, 228, 230, 232, 233, 235, 236.

Subdivision of sections: Sections 463 to 471.

Monuments: Sections 238, 241, 254, 324, 325.

Resurveys: Sections 420, 422, 423, 424, 445, 447, 452, 458, 459.

Town-site surveys: Section 482.

Rectangular boundaries of parts of sections: Section 495.

Mineral segregation surveys: Section 507.

Erroneously omitted areas: Section 519.

Retracements: Section 555.

554. A full description of all monuments belonging to the estab-

lished survey, upon which the new lines are to be initiated or closed

will always be furnished with the written special instructions. Upon

the identification of such monuments, if in good condition, the new

field-note record may take the form, "which is a , firmly set,

marked and witnessed as described in the official record"; but if a

monument does not conform to the record, or any changes are made,
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a complete description will be supplied. When necessary to refer to

a reconstructed corner monument, which is described in another

book of field notes, the reference should be given to the particular

field notes in which the description of that monument will be found.

The complete description of a monument will be entered once

only. In subsequent notes the expression "heretofore described"

may be employed when referring to a point of a previous survey

already occupied in the new survey; all new corners recorded in the

same book of field notes will be referred to by name only, without

repeating the description of the monument, as for example: "the

cor. of sees. 2, 3, 10, and 11"; or "the standard cor. of sees. 33 and 34";

or "the cor. of sees. 5, 6, 31, and 32, on the S. Bdy. of the Tp."

555. The field notes of retracements can usually be brought within

the practice outlined below, but will require special consideration

before being transcribed into final form, giving attention to their use-

fulness as a record or report of the conditions that obtained on the

ground prior to the reconstruction or extension of the older survey.

The Manual references to what is required in the making of retrace-

ments have been associated with the text of the subject of the new

surveys or resurveys, and the field examinations that belong with the

public land surveying work; these are treated in sections 159, 160, 166,

183, 351, 361, 362, 412, 413, and 429.

An enlargement and explanation of the subject of retracements,

addressed to county and local surveyors and others who may have

occasion to retrace the lines of the public land surveys, a recontained

in sections 1054 to 1080, inclusive, of the Manual supplement on the

Kestoration of Lost or Obliterated Corners and Subdivision of Sections.

It is important to standardize the writing of the field notes of re-

tracements, and the subdivision of sections, and to simplify the record,

so far as possible, which in the majority of the work can be done by

adherence to the following rules:

(a) Complete descriptions will be given in those cases where the

retracement is not followed by resurvey procedure or the subdivision

of a section.

(b) Where the retracement is followed by resurvey procedure such

as remonumentation; new monuments of minimum control for the old

or for the new surveys; the usual dependent resurvey; fragmentary

surveys; identification of grant and other broken boundaries; and the

identification of section-line boundaries for the subdivision of a section,

the detail of the descriptions will be omitted from the general state-

ment respecting the lines retraced and the manner of the retracement,

and no description is required that concerns only the technical steps

of running the trial or random fines of the retracement.
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(c) The directions and lengths of the true lines; the descriptions

with respect to the calls of the field notes of the prior survey regarding

natural objects, stream crossings, principal slopes, etc., and other

needed topographic entries; the descriptions of the physical, collateral,

and record evidence or testimony concerning the old monuments and

the accessories; and all new monumentation, will be given in the

true-line field notes.

(d) The descriptions with respect to the closing corners of the

exterior and subdivisional surveys originally placed on the standard

parallels and on the township exteriors where the record calls for two

sets of corners, and similarly within partially subdivided townships

where there are offsets to deal with, will be given in the field notes of

closing lines of the exterior or subdivisional survey that is being

retraced or resurveyed.

(Â«) When a closing corner monument is found which marks a line

that is not being concurrently resurveyed, a connecting course and

distance and a complete description of the monument will be given in

the field notes of the retracement or resurvey of the line closed upon.

(J) The new monument for a closing corner, in those cases where

required, will always be placed at the true point of intersection, and so

stated clearly. An off-line monument will be marked AM (see sec.

163), and will be connected by course and distance, and fully described

in the field notes of the closing line.

(g) Intermediate quarter-section corners between closing corners

will be recorded in the field notes of the closing section immediately

following the description of the closing line which completes the

survey of the section and a cross reference will be entered in the field

notes of the retracement or resurvey of the line closed upon.

(A) The descriptions of the section, quarter-section, and sixteenth-

section corners on the section boundary lines, as required for the sub-

division of a section, will be given in the field notes of the retracement

or resurvey of the section boundaries.

(t) Random or trial lines that are required for the subdivision of a

section are treated in a prefacing statement concerning the type of

work to be performed in one or more sections, but no field-note state-

ment of the detail is regarded as necessary.

(j) The descriptions of the center quarter-section corner, and of the

sixteenth-section corners within the section will be carried in the true-

line field notes of the subdivision-of-section lines.

556. The character of the land, soil, and forest cover upon the lines

surveyed will be summarized at the conclusion of the field notes of

each mile. The record of the mile will be closed by a line drawn across

the page. A general description of a township as a whole, with regard
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to topography, soil, forest cover, merchantable timber, native grasses,

water supply and drainage, minerals, settlement, and improvements,

will be supplied at the conclusion of the subdivisional notes.

557. The record of the names of the assistants and the certificates of

the engineer and of approval will take the forms given in the specimen

field notes.

SPECIMEN FIELD NOTES

558. In the specimen field notes (appendix VIII) there are shown

the several forms of description of the approved types of corner monu-

ments. The types that are employed ordinarily are given prominence,

but those that are used in exceptional circumstances are included in

order to supply a form of description. The indicated departures from

the usual type of monumentation (iron post corners) are not to be

construed as an authorization to disregard the standard practice which

is outlined in chapter IV.

In the specimen field notes some page headings are shown in italics

in order to conform with printing style, and in the paragraph entries

which give the descriptive calls along the lines surveyed the second

and following lines are indented one space to conform with printing

style; the italics as mentioned will not be indicated in the typewritten

field notes, nor will the indentation referred to be made. Descriptions

of bearing trees and other accessories will be indented as indicated. In

the ordinary descriptive style as printed the proper names of the prin-

cipal meridians are not capitalized unless abbreviated. In tabulations

no period is shown after an abbreviation if the latter is followed by a

leader. Such differences in printing from the approved typewritten

style employed in writing field notes are noted here as unavoidable.

559. Other specimen field notes as needed to show the miscel-

laneous forms of record which relate to the general and specialized

class of surveys and resurveys to be found in the usual work of a sur-

veying district will be supplied by the regional or public survey office.

A liberal assortment of such specimen field notes, with their accom-

paying plats, all carefully considered, should be at hand for reference

purposes.

560. The specimen field notes are carried in Manual Appendix VIII,

beginning on page 523; the appropriate graphic indexes are supplied

on pages 525 and 543.
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PLATS
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561. The importance of the plat 397

567. Specimen township plat 399

571. Drafting the base drawing 401

584. Computation of areas 404

596. Inking the drawing 411

599. Lettering 411

602. Topography __ 413

613. Field sketch.. 416

618. Title 417

619. Memoranda 418
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620. Certificates 419

622. Reproduction and distribu-

tion of plats 420

625. Supplemental plats 420

637. Plats of mineral segregation

surveys 428

639. Plats of fragmentary surveys, 432

645. Resurvey plats 434

668. Subtitles 444

THE IMPORTANCE OF THE PLAT

561. The term "plat," as employed technically, refers to the drawing

which represents the lines surveyed, established, retraced, or resur-

veyed, showing the direction and length of each of such lines; the

relation to the adjoining official surveys; the boundaries, description,

and area of each parcel of the land; and, as far as practicable, a delinea-

tion of the topography of the region, including a representation of

the culture and improvements within the limits of the survey. The

purpose of the plat and its relation to the survey have been pointed

out in sections 193, 194, and 210, chapter III. Upon acceptance of

the survey by the Director, Bureau of Land Management, it may

be termed officially established or completed, and accordingly it does

not attain official or legal status until thus completed.

562. The importance, and legal significance, of the plats and field

notes is set out in Alaska United Gold Mining Co. v. Cincinnati-

Alaska Mining Co., 45 L. D. 330, 336 (1916), as follows:

It has been repeatedly held by both State and Federal courts that plats and

field notes referred to in patents may be resorted to for the purpose of deter-

mining the limits of the area that passed under such patents. In the case of

Cragin v. Powell (128 U. S. 691, 696), the Supreme Court said:

It is a well settled principle that when lands are granted according to an official

survey of such lands, the plat, itself, with all its notes, lines, descriptions and

landmarks, becomes as much a part of the grant or deed by which they were
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398 MANUAL OF SURVEYING INSTRUCTIONS

conveyed, and controls so far as limits are concerned, as if such descriptive

features were written out upon the face of the deed or the grant itself.

These legal principles apply to subsequent deeds of transfer related

to the official plat.

The public lands are not to be deemed surveyed or identified until

approval of the survey and filing of the plat thereof in the district land

office by direction of the Bureau of Land Management (United States

v. Cowlinshaw, 203 Fed. 317 [1913]), and no subdivisions are to be

"disposed of" until so identified, United States v. Hurlburt, 72 Fed.

(2d) 427, 428 (C. C. A. 10, 1934).

563. Ordinarily an original survey of public lands does not ascertain

boundaries; it creates them. Hence, the running of lines in the field

and the laying out and platting of townships, sections, and legal

subdivisions are not alone sufficient to constitute a survey. Until all

conditions as to acceptance have been complied with, the public

lands are to be regarded as unsurveyed. It follows that although a

survey may have been physically made, if it be disapproved by the

duly authorized administrative officers, the public lands which were

the subject of the survey are still to be classed as unsurveyed. In

other words, a survey does not become official until it is accepted by

the Director.

564. The subdivisions are based upon and are defined by the monu-

ments and other evidences of the controlling official survey, and so

long as these evidences are in existence the record of the survey is an

official exhibit and presumably correctly represents the actual field

conditions. If there are discrepancies the record must give way to

the evidence of the corners in place.

565. In the absence of evidence, the field notes and plat are the

best means of identification of the survey and they will retain this

purpose. In the event of a resurvey they provide the basis for the

dependent method and the control for the fixation of the boundaries

of alienated lands by the independent method.

566. Plat requirements have been given in numerous sections of

the preceding chapters in connection with technical field procedure.

The following list will serve as a reference to those sections.

Latitude and longitude, sections 47 and 73.

Retracements that require platting, section 160.

Amended monuments to be platted, section 163.

Direct tie, computed from traverse to be platted, section 190.

Subdivision of sections to be protracted on plat, section 193.

Lots and some 40-acre subdivisions to be shown, section 196.

Protractions against segregated areas, section 197.

Size and shape of lots, section 198.
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Numbering of lots, section 199.

Lotting elongated sections, section 200, 498.

Lots adjoining defective south and east boundaries, section 201.

Subdivision of sections, section 205, 206, 208, and 210.

Lots adjoining defective boundaries, section 212 and 213.

Protraction of outlying areas, section 214.

Completion of partially surveyed sections, section 216.

Lottings resulting from fragmentary surveys, section 224.

Platting meanders, section 229.

Showing of tie to A. M. C. and outline of artificial bodies of water,

section 232

Platting of islands, section 233.

Summary of items to be shown, section 236.

Witness corner to be shown on plat, section 254.

Adjustment of broken boundaries, section 380, 381.

Memorandum on plat of independent resurvey, sections 401,

448, 449, 450, and 460.

Memorandum on plat of dependent resurvey, section 425.

Conformed entries and conflicts to be shown on plat, section

445 (pars. 5 and 6), see figure 90.

Showing of claims on plat of an independent resurvey, section 448.

Showing of topography on plats of independent resurveys and

metes and bounds, section 451.

Resurvey lottings, no duplication, sections 455 and 456.

New lots adjacent to meanders, section 471.

Townsite plats, sections 477, and 481 to 488, inclusive.

Lot numbers in sections partially surveyed, section 494, para-

graph 9.

Lots in elongated sections, section 498.

Plats of omitted lands, sections 516 to 518, inclusive.

Plats of accretion, section 519.

Showing of swamp land on plats, section 534, par. 7.

Abbreviations on plats, section 550.

SPECIMEN TOWNSHIP PLAT

567. This is a revision of the specimen township plat which ac-

companied the Manual of 1930. See Insert No. 1. An effort has

been made to secure maximum clarity of the essential features of the

survey with a standardization of the lettering which refers to section

numbers, lot numbers, areas, and lengths and directions of lines, in

suitable styles and gages, all in conformity with relative importance.

The style of lettering which has been selected is intended to combine

the greatest possible simplicity of execution with minimum liability

of loss of definition in reproduction.
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568. There has been added the detail of lengths of lines per-

taining to fractional subdivisions in order to reveal the basis of the

computation of all areas in harmony with the plan of subdivision of

each section as shown. The distances noted in parentheses are those

regular and fractional portions of lines which constitute the boundaries

of the quarter-quarter sections and fractional subdivisions bounded

thereby; the parentheses are employed where the record is not sup-

plied by the field notes; the lengths indicate what was used in the

calculation of areas. The same lengths are to be adopted propor-

tionately whenever there is a need for an establishment of sixteenth-

section corners on the section boundaries, and for control points for the

subdivision of sections. See Insert No. 1.

569. Most township plats are in reality maps in that they show

topographic and other mapping features. Strictly speaking a plat

is a base drawing stripped of every detail nonessential to the identifica-

tion of the subdivisions shown thereon. The base drawing will

always be in black. It shows the lines of section boundaries, sub-

division of sections, and lines of segregation such as mineral or other

claim boundaries, meander lines (unless to be shown in blue), together

with all lettering referring to title, names, memorandum, certificates,

section numbers, lot numbers, areas, and lengths and directions of

lines, as well as important improvements, works, or structures where

required. It is intended that the arrangement of data on all base

drawings be made as nearly uniform as possible and in harmony with

the specimen drawing (Insert No. 1), subject only to the need for

modification where irregular lottings are made. Section 190 gives the

practicable plan for relating patented irregular tracts to the rectangu-

lar system as a basis for their segregation. A variety of conditions are

presented where the tracts are numerous, particularly where there is a

network of patented mineral surveys to be segregated. The important

plat feature in this connection is the resulting fractional lottings and

for this purpose it is generally unnecessary to show the courses and

distances of the boundaries of the mineral surveys or their connections,

a mere outline as shown on the specimen township plat being sufficient.

Frequently this will permit their complete showing on the base

drawing.

Occasionally it is feasible to letter the number and name of each

claim on the base drawing but more often this is impracticable and

serial numbers for the purpose of indexing only should be assigned to

all segregated locations throughout the township and carried to a

marginal table followed by the survey number and name of each

location. When this is done only the serial numbers will be shown on

the face of the drawing. Where by reason of the number of mineral

surveys to be segregated, large scale drawings on additional sheets
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568. There has been added the detail of lengths of lines per
taining to fractional subdivisions in order to reveal the basis of the 
computation of all areas in harmony with the plan of subdivision of 
each section as shown. The distances noted in parentheses are those 
regular and fractional portions of lines which constitute the boundaries 
of the quarter-quarter sections and fractional subdivisions bounded . 
thereby; the parentheses are employed where the record is not sup
plied by the field notes; the lengths indicate what was used in the 
calculation of areas. The same lengths are to be adopted propor
tionately whenever there is a need for an establishment of sixteenth
section corners on the section boundaries, and for control points for the 
subdivision of sections. See Insert No. 1. 

569. 110st township plats are in reality maps in that they show 
topographic and other mapping features. Strictly speaking a plat 
is a base drawing stripped of every detail nonessential to the identifica
tion of the subdivisions shown thereon. The base drawing will 
always be in black. It shows the lines of section boundaries, sub
division of sections, and lines of segregation such as mineral or other 
claim boundaries, meander lines (unless to be shown in blue), together 
with all lettering referring to title, names, memorandum, certificates, 
section numbers, lot numbers, areas, and lengths and directions of 
lines, as well as important improvements, works, or structures where 
required. It is intended that the arrangement of data on all base 
drawings be made as nearly uniform as possible and in harmony with 
the specimen drawing (Insert No. 1), subject only to the need for 
modification where irregular lottings are made. Section 190 gives the 
practicable plan for relating patented irregular tracts to the rectangu
lar system as a basis for their segregation. A variety of conditions are 
presented where the tracts are numerous, particularly where there is a 
network of patented mineral surveys to be segregated. The important 
plat feature in this connection is the resulting fractional lottings and 
for this purpose it is generally unnecessary to show the courses and 
distances of the boundaries of the mineral surveys or their connections, 
a mere outline as shown on the specimen township plat being sufficient. 
Frequently this will permit their complete showing on the base 
drawing. 

Occasionally it is feasible to letter the number and name of each 
claim on the base drawing but more often this is impracticable and 
serial numbers for the purpose of indexing only should be assigned to 
all segregated locations throughout the township and carried to a 
marginal table followed by the survey number and name of each 
location. 'When this is done only the serial numbers will be shown on 
the face of the drawing. Where by reason of the number of mineral 
surveys to be segregated, large scale drawings on additional sheets 
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are required for any or all of the sections invaded, no outline of the

mineral surveys will be shown on the base plat for the sections in-

volved but a marginal reference will be made on the base drawing

calling attention to the sheets upon which the segregations in the

various sections will be found. In many instances an enlarged

diagram on the base plat will obviate the necessity for additional

sheets. Figure 81 is an example of a drawing which should be shown

as an enlarged diagram on the base plat.

570. Transparent color overprints will be employed for those plats

where topographic features tend to obscure the essential data on the

base drawing. Overprints are not required where these features may

readily be shown in black on the base drawing.

DRAFTING THE BASE DRAWING

571. Township plats are generally drawn on the scale of 1 inch

equals 40 chains, on sheets 19 x 24 inches when trimmed. The scale

is often enlarged to 1 inch equals 20 chains for showing portions of

townships in detail; the scale of 1 inch equals 10 chains or larger is

employed where necessary. A ratio unit such as 1/31680 and the bar

or graphic scale stating only the unit of measurement will be shown

on all plats. The size of the sheets will always be made 19 x 24

inches, regardless of the scale or area to be shown; this is important

on account of the need for uniformity in the dimensions of filing â� 

devises. A borderline rectangle 16K x 20 inches is right for the normal

township plat; the size of the rectangle may be varied slightly when

necessary. Generally the drawing will be placed to the left of the

center of the sheet, thus allowing space for the memorandum and other

data in the margin to the right and resulting in a better balanced plat.

572. The plat subject should be compiled or laid out with a good

grade, medium hard drawing pencil, one which will make a clean

mark, but not so hard that it will engrave the lines.

573. The township will be drafted as a plane, without allowance

for reduction from the spheroid, as is required in the making of small-

scale topographic maps showing large areas. All regular townships

may be laid out as a rectangular grid, with allowance for fractional

measurements along the north tier and west range of sections.

574. In the case of irregular townships, or those containing mean-

derable bodies of water, or irregular tracts, the drawing should be

laid out from the field closing sheets, duly balanced. The point of

origin is selected on the drawing, from which point the exteriors are

carefully laid out, each salient being accurately located by scaling,

from the point of origin, the balanced values of the total latitude and

departure of that salient. The section boundaries are then laid out

574
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are required for any or all of the sections invaded, no outline of the 
mineral surveys will be shown on the base plat for the sections in
volved but a marginal reference will be made on the base drawing 
calling attention to the sheets upon which the segregations in the 
various sections will be found. In many instances an enlarged 
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sheets. Figure 81 is an example of a drawing which should be shown 
as an enlarged diagram on the base plat. 
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base drawing. Overprints are not required where these features may 
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grade, medium hard drawing pencil, one which will make a clean 
mark, but not so hard that it will engrave the lines. 

573. The township will be drafted as a plane, without allowance 
for reduction from the spheroid, as is required in the making of small
scale topographic maps showing large areas. All regular townships 
may be laid out as a rectangular grid, with allowance for fractional 
measurements along the north tier and west range of sections. 

574. In the case of irregular townships, or those containing mean
derable bodies of water, or irregular tracts, the drawing should be 
laid out from the field closing sheets, duly balanced. The point of 
origin is selected on the drawing, from which point the exteriors are 
carefully laid out, each salient being accurately located by scaling, 
from the point of origin, the balanced values of the total latitude and 
departure of that salient. The section boundaries are then laid out 
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similarly from suitable points of origin on the exteriors. Finally

the subdivisions of each section, including the necessary lines of segre-

gation and meander lines, are accurately scaled by the method of

total latitudes and departures from an origin on the section boundary.

On this plan the work may be laid out.without introducing accumula-

tive errors of scaling.

575. Elements of triangulation figures and offset lines will not be

shown on the plat when the field procedure results in duly ascertaining,

indirectly, the course and length of the line sought to be established.

Such diagrams should be shown in the field notes if needed for a clear

understanding of the procedure, but are not required on the plat.

576. Plats of entire townships will show the complete condition of

all exteriors, including all closing and standard township and section

corners, with connecting courses and distances (fig. 80). The con-

necting courses and distances will be omitted in those cases where

the scope of the work is not sufficient to determine the relationship

accurately. A line common to two townships will be drawn with

equal completeness for both, as far as approved surveys will permit.

The relative position of and the data for nearby corners of one or two

townships and closing township corners, if established, will be shown.

Corners of maximum control will be shown only as referring to the

subdivisional survey on that plat. Separate diagrams of township

exteriors are not required when the townships are subdivided.

577. A township adjacent to or invaded by the boundary of a

State, or a surveyed reservation or private land grant, will have the

boundary properly lettered, and the mile posts and connecting

distances shown.

578. Where only a portion of a township is being surveyed, the

condition of the adjacent areas will be shown clearly by words lettered

thereon, such as "Unsurveyed," "Rancho San Luis," "Surveyed by

John Smith, 1877," or "Waste Lava Bed".

579. On plats of fragmentary surveys, areas previously surveyed

will not have the sections and lots drawn in blank unless needed to

show the relation of the old and new work along the common

boundary.

580. The line of demarcation between areas previously counted in

the total acreage surveyed and the new surveys will be distinctly

shown. A light diagonal shading with black ink on the side previously

surveyed is recommended to distinguish such a line.

581. Each regular section will show the center lines only and the

area as 640 acres. In all other sections where lottings are required,

each subdivision must be distinctly shown. Where a section con-

tains one or more fractional lots, its regular parts will show the usual

areas as 40, 80, or 160 acres; the fractional lots will each show the

574
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similarly from suitable points of origin on the exteriors. Finally 
the subdivisions of each section, including the necessary lines of segre
gation and meander lines, are accurately scaled by the method of 
total latitudes and departures from an origin on the section boundary. 
On this plan the work may be laid out. without introducing accumula
tive errors of scaling. 

575. Elements of triangulation figures and offset lines will not be 
shown on the plat when the field procedure results in duly ascertaining, 
indirectly, the course and length of the line sought to be established. 
Such diagrams should be shown in the field notes if needed for a clear 
understanding of the procedure, but are not required on the plat. 
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all exteriors, including all closing and stnndard to\nlship and section 
corners, with connecting courses and distances (fig. 80). The con
necting courses and distances will be omitted in those cases where 
the scope of the work is not sufficient to determine the relationship 
accurately. A line common to two townships will be drawn with 
equal completeness for both, as far as approved surveys will permit. 
The relative position of and the data for nearby corners of one or two 
townships and closing township corners, if established, will be shown. 
Corners of maximum control will be shown only as referring to the 
suvd.ivisional survey on that plat. Separate diagrams of township 
exteriors are not required when the tmnrships are subdivided. 

577. A township adjacent to or invaded by the boundary of & 

State, or a surveyed reservation or private land grant, will have the 
boundary properly lettered, and the mile posts and connecting 
distances shown. 

578. Where only a portion of a township is being surveyed, the 
condition of the adjacent areas will be shown clearly by words lettered 
thereon, such as "Unsurveyed," "Rancho San Luis," "Surveyed by 
John Smith, 1877," or "Waste Lava Bed". 

579. On plats of fragmentary surveys, areas previously surveyed 
will not have the sections and lots dra,vIl in blank unless needed to 
show the relation of the old and new work along the common 
boundary. 

580. The line of demarcation between areas previously counted in 
the total acreage surveyed and the new surveys will be distinctly 
shown. A light diagonal shading ·with black ink on the side previously 
surveyed is recommended to distinguish such a line. 

581. Each regular section will show the center lines only and the 
area as 640 acres. In an other sections 'where lottings are required, 
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tzins one or more fractional lots, its regular parts will show the usual 
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assigned lot number and quantity computed to the nearest Xoo of an

acre. The total area of public land within each irregular section will

be shown as equal to the sum of the several parts, as identified by

the plat, and disregarding parts omitted.

582. The complete technique of laying out the regular and fractional

subdivisions of sections and the designations of the same by reference

to aliquot parts and serial lot numbers is covered by sections 193 to

233, inclusive, chapter III.

583. With reference to plats which are to show the completion of

remaining parts of sections not previously surveyed, particularly in

regard to sections where parts have been shown as outlying areas

protracted as surveyed (sees. 214 to 222, inclusive, ch. Ill), it is the

practice, where irregular conditions are found on the ground and no

entries have been made, to effect an annulment of the showing on the

former plat. The special instructions should provide that such

unentered, protracted subdivisions need not be protected, thus

simplifying the execution and platting of the new surveys.

COMPUTATION OF AREAS

584. The deficiency in area which results from the convergency of

meridians is placed normally in the fractional lots adjoining the west

boundary of the township. Here sections 7, 18, 19, 30, and 31, each

usually contains lots 1 to 4, inclusive, whose meridional dimensions

are all an even 20.00 chains; the dimensions of the latitudinal bound-

aries of these lots are computed proportionately from the fractional

measurements ascertained on the section lines. The area, in acres, of

each lot is then found simply by adding the lengths, in chains, of its

north and south boundaries.

585. For example, taking section 30, shown on the specimen plat,

the dimensions of the latitudinal boundaries, and the areas are found

as follows:

(D 0) (3) (4)

N .18.21 18.245 18.28 18.315 chs.

S 18.245 18.28 18.315 18.35 "

36.455 36.525 36.595 36.665 acres

36.45(+) 36.53(-) 36.59(+) 36.67(-)"

586. The areas of lots 5,6, and 7, section 6, are ascertained similarly,

making due allowance, when calculating the length of the north

boundary of lot 5, for any material variation from 20.00 chains in the

meridional dimension of lot 4.

587. The surplus or deficiency in area which results from the dis-

crepancy in the meridional measurements between the exterior

581
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assigned lot number and quantity computed to the nearest Moo of an 
acre. The total area of public land within each irregular section will 
be shown as equal to the sum of the several parts, as identified by 
the plat, and disregarding parts omitted. 

582. The complete technique of laying out the regular and fractional 
subdivisions of sections and the designations of the same by reference 
to aliquot parts and serial lot numbers is covered by sections 193 to 
233, inclusive, chapter III. 

583. With reference to plats which are to show the completion of 
remaining parts of sections not previously surveyed, particularly in 
regard to sections where parts have been shown as outlying areas 
protracted as surveyed (secs. 214 to 222, inclusive, ch. III), it is t·he 
practice, where irregular conditions arc found on the ground and no 
entries have been made, to effect an annulment of the showing on the 
former plat. The special instructions should provide that such 
unentered, protracted subdivisions need not be protccted, thus 
simplifying the execution and platting of the new surveys. 

COMPUTATION OF AREAS 
584. The deficiency in area which results from the convergency of 

meridians is placed normally in the fractiollullots adjoining the west 
boundary of the township. Here sections 7, 18, 19, 30, and 31, each 
usually contains lots 1 to 4, inclusive, whose meridional dimensions 
are all an even 20.00 chains; the dimensions of the latitudinal bound
aries of these lots are computed proportionately from the fractional 
measurements ascertained on the section lines. The area, in acres, of 
each lot is then found simply by adding the lengths, in chains, of its 
north and south boundaries. 

585. For example, taking section 30, shown on the specimen plat, 
the dimensions of the latitudinal boundaries, and the areas are found 
as follows: 
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586. The areas of lots 5,6, and 7, section 6, are aseertained similarly, 
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boundary of lot 5, for any material variation from 20.00 chains in the 
meridional dimension of lot 4. 

587. The surplus or deficiency in area whi('h results from the dis
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boundaries and the subdivisional lines is placed normally in the

fractional lots adjoining the north boundary of the township. Here

sections 1 to 5, inclusive, each usually contains lots 1 to 4, inclusive,

whose dimensions on their latitudinal boundaries are all treated as

an even 20.00 chains; the meridional dimensions of these lots and

their areas are computed on the plan heretofoie described for the

fractional lots adjoining the west boundary of the township.

588. The areas of lots 1, 2, and 3, sec. 6, are ascertained similarly,

making due allowance when calculating the length of the west bound-

ary of lot 3, for the departure across lot 4, where more or less than

20.00 chains. The area of lot 4, sec. 6, in acres, may be ascertained

by taking the product of its mean dimensions in chains, divided by 10.

589. The following is an example of ascertaining the areas of the

fractional lots in sec. 6, shown on the specimen township plat:

(1) (2) (3) (4)

E 20. 05 20. 037 20. 024 20. 011 chs.

W 20.037 20.024 20.011 20.000 "

40. 087 40. 061 40. 035

40.09 40.06 40. 03 ( + )

20. 005 mean

(5) (6) (7)

N 17.78 17.81 17.84 17.75 chs.

8 17.81 17.84 17.87 17.78 "

35. 59 35. 65 35. 71 acres

17. 765 mean

2. 0005X 17. 765= 35. 539 acres

35. 54 "

590. For purpose of computation of areas, where three sides of a

section are regular and only one side irregular, the irregular boundary

may be treated as a straight line if there is no break in alinement in

that boundary in excess of 21' of arc; in such sections, if the field notes

show that the cardinal length of the irregular boundary is within the

usual limit of 50 links in 80.00 chains, the regular dimensions will be

treated as having values in multiples of 20.00 chains. In the event

that portions of the irregular boundary differ in course by more than

21' of arc, the break in alinement will be recognized and such adjust-

ment of the lengths of lines which form the basis for the computation

of the areas will be made as to bring all dimensions to a proper closing

with the field measurements, taking into consideration the direction

of the opposite governing boundary with respect to the areas of the

regular portions of the section. The elements which enter into the

computation of the areas will be derived from the balanced closure.
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boundaries and the subdivisiona} lines is placed nonnally in the 
fractional lots adjoining the north boundary of the township. Here 
sections 1 to 5, inclusive, each usually contains lots 1 to 4, inclusive, 
whose dimensions on their latitudinal boundaries are all treated as 
an even 20.00 chains; the meridional dimensions of these lots and 
their areas are computed on the plan heretofOle described for the 
fractional lots adjoining the west boundary of the township. 

588. The areas of lots 1, 2, and 3, sec. 6, are ascertained similarly, 
making due allowance when calculating the length of the west bound
ary of lot 3, for the departure across lot 4, where more or less than 
20.00 chains. The area of lot 4, sec. 6, in acres, may be ascertained 
by taking the product of its mean dimensions in chains, divided by 10. 

589. The following is an example of ascertaining the areas of the 
fractional lots in sec. 6, shown on the specimen township plat: 

(1) (2) (3) (4) 
E _____________________ 20.05 20.037 20.024 20.011 chao 
W ____________________ 20.037 20.024 20.011 20.000" 

40. 087 
40.09 

(5) 
N ____________________ 17.78 
8 _____________________ 1~ 81 

35. 59 

40.061 
40.06 

(6) 
17.81 
17.84 

35. 65 

2. 0005X 17.765= 

40.035 
4.0. 03 (+) 

(7) 
17.84 
17.87 

35.71 

acres 
" 

20.005 mean 

17.75 cbs. 
17.78 " 

acres 
17.765 mean 

35. 539 acres 
35. 54 " 

590. For purpose of computation of areas, where three sides of a 
section are regular and only one side irregular, the irregular boundary 
may be treated as a straight line if there is no break in alinement in 
that boundary in excess of 21' of arc; in such sections, if the field notes 
show that the cardinal length of the irregular boundary is within the 
usual limit of 50 links in 80.00 chains, the regular dimensions will be 
treated as having values in multiples of 20.00 chains. In the event 
that portions of the irregular boundary differ in course by more than 
21' of arc, the break in alinement will be recognized and such adjust
ment of the lengths of lines which form the basis for the computation 
of the areas will be made as to bring all dimensions to a proper closing 
with the field measurements, taking into consideration the direction 
of the opposite governing boundary with respect to the areas of the 
regular portions of the section. The elements which enter into the 
computation of the areas will be derived from the balanced closure. 

590 

Dig ize b 
Original from 

UNIVERSITY OF INNESOTA 



406

MANUAL OP SURVEYING INSTRUCTIONS

e r .

/ass-

Si-*

2120 ^

D

Y/aeJj U

Ij

(/06V j

6

1

2 >'

5

1

t!

f/069) j

0^

1

3 Si

2144 ^

c

J

oa 72i^

s

(/CX79) |

1

ta

51

4-

21.86 $j

^

//.Q7

591. Example, figure A-B-E-P. As the sec-

tion is otherwise regular, the areas of the E#

and E%W% are based on the assumption that

the line A-F is 80.00 chains in length and paral-

lel to the governing east boundary, disregarding

the allowable error in closure. The lengths of

the lines A-B and E-F are given by the field

measurements: the intervening dimensions are

obtained by the following calculations:

Westing A-B

N.0Â° 54' E 25. 13

N.0Â° 12' E 40. 00

K.0Â° 24' E 14. 77

Easting E-F

79.90

Add to B-E 10

Line A-F.

N.

80.00

E.

(.03)

25. 13

.39

(.05)

40.00

.14

(.02)

14.77

.10

10.55

80. 00 11. 18

11.07

11

W.

11.07

11.07

B

N.

E.

.31

W.

Line A-B.

Line B-C

120.00

11.07

11.07

-.31

+.03

S. bdy. lot 4.

For line A-F.

S. bdy. lot 3.

For line A-F.

Lot 3 at O.

For line A-F.

S. bdy. lot 2.

For line A-F.

8. bdy. lot 1.

For line A-F.

Lot 1 at D.

For line A-F.

N. bdy. lot 1.

.03

.01

I 5.16

.08

10.79

-.08

+.01

.39

10.72

-.05

+.02

14.84

.05

.02

.02

.01

.02

Line C-D

20.00

.07

10.69

-.07

+.02

5.21

.02

10.04

-.02

+.01

40.05

.14

10.03

-.10

+.02

Line 13-E.

Line E-F.

14.70

.10

10. 55

10. 55

80.00

11.18

11.07

.11
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: ~I 
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~ 2 -::-...1 
~ ~I 

21.33 S::S1 

~ 
1 

,~ 7ioG!;) - t ---
~ ,I 
~ ~I 

3 ~I 
. 2/44 ~ 

C·" --- ------1 
(I072/~1 

~ 
(70.7.97~1 

~ 
~ 1 
C'\j ~ 

4 ~I 
21.86 ~I 

'4 
11.07 

B A 

591. Example, figure A-B-E-F. As the sec
tion is otherwise regular, the areas of the E~ 
and E}'W}' are based on the assumption that 
the line A-F is 80.00 chains in length and paral
lel to the governing east boundary, disregarding 
the allowable error in closure. The lengths of 
the lines A-B and E-F are given by the field 
measurements: the intervening dimensions are 
obtained by the following calculations: 

N. 
Wcst.ing A-B ____ 

(.03) 
N.Oo 54' E ______ 25.13 25. 13 

(.05) 
N.Oo 12' E ______ 40.00 40.00 

(.02) 
N.Oo 24' E ______ 14. 77 14. 77 
Easting E-F ____ 

--
79. 90 

Add to B-E _____ .10 

80. 00 

Line A-F ______ _ so. 00 

---------- ---_.-

E. W. 

.39 

.14 

.10 
10.55 

11.07 

11.18 11.07 
11.07 

.11 

Line A-B.I 
N. E. W. 

roo Line D-C 

5.16 

14.M ,-- 25.16 

Line C-D 20.00 

5.21 

-- 40.0.~ 
Line D-E. 14. i\l 

Line E-F_ 

80.00 

591 

DIg ize b 

11. U7 I JJ.07 8. My. lot 4. 
.31 : -.31 

I +.oa . 03 For line A-F . 

10. i!l 8. hdy. lot a. 
.OS -.OS 

+. 01 . 01 For line A-F . 

.39 10. i2 Lot a at C. 
.05 -.05 

+.02 .02 For line A-F. 

10.69 8. bdy. lot 2. 
.07 -.07 

+.02 .02 For line A-F. 

10. rrl B. bdy. lot 1. 
.02 -.02 

+.01 . 01 For line A-F • 
---

.14 10. til Lot 1 at D. 

.10 -.10 
+.02 .02 For line A-F. 

10. r..r; ,1'I.M N. bdy. lot 1. 

ll.lS-·I·ll.07l .11 
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The areas are then computed as follows:

Lot 1:

10.55

10.63

21.18X14.79=313.25

10.63

10.64

21. 27X 5.21 = 110.82

424. 07 to be divided by 20

= 21. 20 acres.

Lot 2:

10.64

10.69

=21. 33 acres.

Lot 3:

10.69

10.72

21.41X14.84=317.72

10.72

10.79

21. 51X 5. 16=110. 99

428. 71 to be divided by 20.

= 21. 44 acres.

Lot 4:

10.79

11.07

=21. 86 acres.

592. In all irregular sections and in sections which are invaded by

meanderable bodies of water, or by lines of segregation, the center

lines of the section and the center lines of each quarter section in turn

are given calculated values based upon the balanced field closing

sheets. Points of intersection of the center lines with the meander

lines or other lines of segregation are then computed in order to com-

plete the boundaries of each fractional lot. With the results of these

computations at hand the area of each fractional lot may be most

readily computed by the method of "double meridian distances."

592

PLATS 

The areas are then computed as follows: 

Lot 1: 10.55 
10.63 

21. 18X 14. 79=313. 25 
= 
10.63 
10.64 

21. 27X 5.21=110.82 
= 

Lot 2: 10.64 
10.69 

=21. 33 acres. 

Lot 3: 10.69 
10. 72 

424. 07 to be divided by 20 
-= 21. 20 acres. 

21. 41XI4. 84=317. 72 

10.72 
10. 79 

21. 51 X 5. 16= 110. 99 

Lot 4: 10.79 
11.07 

=21. 86 acres. 

428. 71 to be divided by 20. 
a:: 21. 44 acres. 

407 

592. In all irregular sections and in sections which are invaded by 
meanderable bodies of water, or by lines of segregation, the center 
lines of the section and the center lines of each quarter section in turn 
are given calculated values based upon the balanced field closing 
sheets. Points of intersection of the center lines with the meander 
lines or other lines of segregation are then computed in order to com
plete the boundaries of each fractional lot. With the results of these 
computations at hand the area of each fractional lot may be most 
readily computed by the method of "double meridian distances." 
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593. In order to proceed with a computation by double meridian

distances, the closing error of the figure is first to be eliminated, or the

traverse of its boundary to be balanced, by the most applicable rule.

The general rule is that the correction to be applied to the | ,

of any course is to the total error in | . [as tbe length of the

J (departure) *

course is to the perimeter of the figure. Another method of balancing

the closing error will be applicable if the purpose is to apply a uniform

correction to the directions and lengths of lines. Section 381.

The double meridian distances of the several courses, or D. M. D's

are then computed by the following rules:

(1) The D. M. D. of the first course equals the departure, or the increment in

easting or westing, of the course itself;

(2) The D. M. D. of the second course, and each of the succeeding courses in

turn, is ascertained by taking the D. M. D. of the preceding course, plus the de-

parture of the preceding course, plus the departure of the course itself; and,

(3) The D. M. D. of the last course is numerically equal to its departure, but

with opposite sign, thus verifying the value of each preceding D. M. D.

For convenience in making the computations, the differences in

are treated as of positive sign, to the

latitude ; ., north

, to the

departure) east

I as of negative sign. The point of beginning is taken at the

westernmost salient of the figure, and the direction of the traverse is

run counterclockwise. On this plan each D. M. D. and the algebraic

sign of the final result are of positive sign.

The next step in the process is to multiply the latitude of each

course by the double meridian distance of the course; the positive

products are arranged in a column for "north areas," and the negative

products in a column for "south areas." The sum of the negative

products is to be subtracted from the sum of the positive products.

The area, corresponding to the unit of measurement that is em-

ployed, is ascertained by taking one-half of the last result. Where

the unit of measurement is the chain, the area in square chains is to

be divided by 10 to give the area in acres.

The field closing sheets may be readily adapted to the calculation

of areas by the method of double meridian distances; two examples

follow:

594. Tabling and calculations of T. 15 N., R. 20 E., Diamond Rock,

in Lins Lake, in section 18:

593
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(2) The D. M. D. of the second course, and each of the succeeding courses in 
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run counterclockwise. On this plan each D. ~I. D. and the algebraic 
sign of the final result are of positiy(' sign. 

The next step in the process is to multiply the latitude of each 
course by the double meridian distance of the course; the positive 
products are arranged in a column for "north areas," and the negath-e 
products in a column for "south areas." Th(' sum of the negative 
products is to be subtracted from the sum of the positive products. 
The area, corresponding to the unit of measurement that is em
ployed, is ascertained by taking one-half of the last result. \Vhere 
the unit of measurement is the chain, the nrea in square chains is to 
be divided by 10 to give the area in acres. 
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of areas by the method of double meridian distances; two examples 
follow: 

594. Tabling and calculations of T. 15 N., R. 20 E., Diamond Rock, 
in Lins Lake, in section 18: 
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I

Latitudes

Departures

n

3

Totals

!

3

3

Q

3

S

SB

1

H

Â£

a

1

S

P

g

0

55

0

0

Tie

N.n'ao'E

21.44

6.80

n

20.33

OQ

6.80

20.33

+.005

H

8. 86Â° 46' K

3.19

2.20

3.50

2.90

2.70

a is

3.185

4.73

9.12

7.70

2.54

.77

0.86

6.62

8.465

10.785

9.39

6.80

23.52

4

N. 33Â° 0C E

1.845

2 32

1.20

16.83

17.86

24.72

3

N. 48Â° 3V W

2.62

2.54

22.10

1,

S. 61Â° 16' W

1.395

3.64

IS. 66

1

S. 16Â° 30' E

2.59

.77

1.99

20.33

4.165

4.165

5.155

.005

6.16

34.69

6.38

6.38

14.49

4.165

1165

5.16

5.16

28.31

Double area.

Begin total lats. and deps. at M. C. on

W. bdy. sec. 19, for purposes of platting.

Numbering of courses as taken from

field notes, order reversed to counterclock-

wise.

(1)

D.M.D's

0.77 9.12 (4)

+1.20

-2.62

.77

+3.19

14.15 Square chains.

1.41 Acres.

Begin D. M. D's at angle point of

(6) 4.73 7. 70 (3) meanders farthest west, end of course

+3.19 â��2.62 No. 2 running SW., or end of course No.

+1.20 -2 64 1 running NW.

(4) 9.12 2.54 (2)

595. Tabling and calculations of T. 15 N.. R. 20 E., right bank of

Yellowstone River, in section 25:

Latitudes

Departures

01

Totals

|

8

5

f

o

55

n

Q

3

55

o

B

0

OQ

1

1

s

5

z

O

*

Q'

GQ

S. 0Â°01' E

6.36

6.36

.09

0.00

+.04

79.96

0.00

0.00

0.00

S. 89Â°56' E

79.96

23.20

"23.20"

80.00

160.00

7.20

-.09

23.11

80.00

North

-.01

1.13

2.19

+6.61

3, 712. 00

80.00

1

8. 85Â°00' W

13.00

7.10

12.95

6.75

+.01

11.73

3.51

147.04

127. 33

164.68

278. 85

21.99

19.80

67.04

2

S. 72'W W

-.01

5.60

4.11

60.29

3

S. 64Â°30' W

13.00

5.40

10S. 84

93.59

608.42

384.65

14.21

10.10

48.66

4

S. 40Â°30' W

-.01

1.49

46.04

5

S. 77Â°45'W

7.00

+.01

1.79

6.84

83.24

123.20

8.62

38.20

6

N. 76'W W

7.40

-.01

2.08

7.18

69.22

124.60

10.42

31.02

7

S. 80Â°00' W

12.00

-.01

3.00

11.82

+.01

19.19

60.22

103. 96

57.41

8.36

19.20

8

S. 81Â°0S' W

19.43

19.20

5.36

0.00

24.99

+.01

25.05

-.05

79.96

+.04

79.97

+.03

3, 836. 60

1, 728. 37

1, 728. 37

84.33

25.00

25.00

80.00

80.00

2, 108. 23

Double a

rea.

Begin traverse and D.M.D's at M. C. on W. bdy. of sec. 25.

Begin total lats. and deps. at point for S. MÂ« sec. cor. on W. bdy.

of sec. 25, for purposes of platting.

Numbering of courses as taken from field notes.

1,064.11 Square chains.

106.41 Acres, sum of lots 8 to 8,

inel.

700004Â°

-27

595
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L6titudes Departures TotaJa 

f! 
.. 

J 
A ! ! Z Jil Iii ~ .9 11 ~ ; ~ ... lj ~ ~ ~ II ::s 

A Z ~ fill ~ A Z iii - ---- ---------------
Tie N. 71° 30' E ____________ 21.44 6.80 -------- 20.33 -- ... --- -- ... _-- ------- ------ 6.80 :1).33 

-----------
+.005 

6 8.86° 48' E ____________ 
3.19 -------- 0.18 3_186 ------ 4. 73 0_86 6.62 23.112 

4 N. 33° 00' E ___________ 
2.20 1.846 -------- 1.20 9.12 16.83 ------ 8.465 24.72 

8 N. 48° 30' W ___________ 3.60 2. 32 -T396- -------- 2.62 7.70 17.86 10. 786 22.10 
2 B. 61° 16' W ___________ 2.90 ... _------ 2.M 2.114 .. _--_ ..... 3.M 9.39 111.116 
1 B. 16° 30' E ____________ 2. 70 -------- 2.59 .77 -- ---- .77 --- ..... -- 1.99 6.80 20.33 ---------------

4.166 4.166 6. Hili 6. 16 ------ 34.69 6.38 -------- ------.005 6.38 

lU91"4.165 
-------------------

4.166 Ii. 16 5. 16 28.31 Double area. 

D.M.D's 14.1.5 Square chains. 
Begin tota11ats. and deps. at M. C. on 

W. bdy. sec. 111, for purposes of platting. 
(1) o. n 9. 12 (4) 1.41 Acres. 

+.77 +1. 20 
+3.19 -2. 62 

Numbering of courses a., taken from 
field note8, order reversed to coun terclock
wile. 

- Begin D. M. D's at angle point of 
(5) 4. 73 7. 70 (3) meanders farthest wcst, end of course 

+3.19 -2.62 No. 2 running SW.,orend ofcoll1'BeNo. 
+1. 20 -2.M 1 running NW. 

(4) 9. 12 2. M (2) 

595. Tabling and calculations of T. 15 N .. R. 20 E., right bank of 
Yellowstone River, in section 25: 

Latitudes Departures 

4) 
., 

I 
<> A Ii ~ ~ i tl ~ o 0 ~ 0 ::s 4) 

z 0 A Z 0 f;I;1 ~ A !Xl 

--~ ----
B. 0°01' E __________ 6.36 ------- 6.36 0.00 --- ... -... - 0.00 

+,().4 
B. 89°66' E _________ 79.96 ... --- --- .09 79.96 ------- 80.00 N orth _____________ 

23.20 23.20 -_ ... _-_ ... 160.00 
-- -.01 +0.01 

1 S. 86°00' W ________ 13.00 _ .... _---- 1. 13 ------- 12. 9.5 147. ().4 
2 S. 72"00' W ________ 7.10 -----_ .. 2.19 ------- 6.75 127.33 

-.01 +.01 
3 B. 64°30' W ________ 13.00 --..... - 6.60 ---- ... -- 11. 73 ](l~. 84 
4 S. 40"30' W _______ .- 5.40 -_ ... _-- 4.11 ------- 3.51 93.59 

-.01 
6 S. no45'W ________ 7.00 

-+~oi-
1.49 -----_ ... 6.84 83.24 

8 N. 76°00' W _______ 7.40 1.79 ------ 7.18 69.22 
-.01 

7 
s. 80°00' W ________ 12.00 ------- 2.08 ------- 11. 82 60.22 

-.01 +.01 
8 S. 81°08' W ________ 19.43 ----_ ... - 3.00 _ .. _---- 19.19 19.20 ----------

------- 24.99 25.05 79.96 79.97 --------
------- +.01 -.05 +,().4 +.03 ----------

25. 00 I 2.5. 00 SO. 00 1 so. 00 --------1 84.33 

Begin tra"erse and D.M.D's at M. C. on W. bdy. of sec. 25. 
Begin totallats. and deps. at point for 8. H. sec. cor. on W. bd7. 

of sec. 25, for purposes of platting. 
N umberlni of courses as taken from field DOtal. 

Totals 

:a :a z ~ 

~ ~ g-3 Z iii A 
-

---------- -------- .. - 0.00 0.00 

---------- 7.20 -.09 80.00 
3.712.00 ---------- 23.11 80.00 

---------- 164.68 21. 99 67.04 
--_ .... ----- 278.85 111.80 00.211 

---_ ... _---- 608.42 14.21 48.1'i1'i 
-------- .. - 384.65 10.10 45.04 

------_ ...... - 123. 20 8. 62 38.20 

124. 60 --_ ..... _- .. _- 10.42 aLGI 

---------- 103.96 8.35 19.20 

---------- 57.41 6.36 0.00 --
3,836.60 1,728.37 
1,728.37 

2, lOS. 23 I 
-Double area. 

1,054.11 Square chains. 
103. .1 Acres, awn of lots II to .. 

Incl. 
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Tabling and calculations of T. 15 N., R. 20 E., section 25, lots 5

and 6:

Latitudes

Departures

No.

Course

Distance

D.M.D's

N. areas

8. areas

North

South

East

West

South

19.73

20.00

23.20

13. (HI

7.10

.33

19.73

.02

S. 89Â°56' B

""23.20

20.00

20.00

0.40

North

40.00

928.00

1

8. 86Â°00/ W_...

8. 72Â°00'W....

1.12

12.96

6.75

.29

27.04

30.28

?

2.19

7.33

16.05

3

s. 64Â°30/ W_...

.14

.29

.04

23.20

23.20

20.00

20.00

928.00

46.77

46.77

881.23

South

9.06

20.00

19.73

12.67

9.06

.02

44.06

Lot 6

8. 89Â°66' E

North

19.73

20.00

20.00

40.00

28.55

13.59

5.04

"789! 20"

0.40

a

8. 64Â°30' W.__.

6.45

4.11

1.09

11.45

3.51

6.04

156.60

4

S. 40Â°30' W.

5.40

S. 16

55.85

ft

8.77Â°46'W.._.

6.49

19.73

19.73

20.00

20.00

789.20

217.34

217.34

671.86

28.69

Lott

Tabling and calculations of T. 15 N., R. 20 E., section 25, lots 7

and 8:

No.

Course

Distance

Latitudes

Departures

D.M.D's

N. areas

8. areas

North

South

East

West

8. 0Â°01' E

S. 89Â°56' E

North

8.61

20.00

9.06

1.84

7.40

11.19

9.06

8.51

.03

20.00

20.00

40.00

38.20

29.22

11.02

362.40

""" 52."60"

0.60

n

8. 77Â°44' W..__

N. 76Â°00' W....

.39

1.80

7.18

11.02

14.90

Â«

1.80

7

8.SWW....

1.93

21.27

10.86

10.86

20.00

20.00

415.00

36.77

36.77

378.23

s. oÂ°or E

5.36

20.00

5.36

.02

18.91

Lot 7

8. 89Â°56' E

N. 0Â°01' W

s. sow W.___

8. 81Â°08' W....

8. 61

8.51

20.00

20.00

40.00

39.20

19.20

340.40

.40

7

,M

.14

.80

19.20

5.49

S

19.43

2.99

67.41

8.51

& 61

20.00

20.00

340.40

63.30

63.30

277.10

13.85

Lot 8
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Tabling and calculations of T. 15 N., R. 20 E., section 25, lots 5 
and 6: 

Latitudes Departures 
No. CO\lJ'!e Distance 1----;------1-----.---.--- D.I\LD's N. areas 8. areas 

North South East West 
--1------1----1·---1---1---1----1---,1-------

South __ . ______ _ 
S. 89°56' E ___ __ 
North. _. _____ _ 

I 8. 85°00' W ___ _ 
2 8. 7~00' W __ __ 
3 S. ~03O' W ___ _ 

Bouth ________ _ 
B. 89°56' E ____ _ 
North ... _____ _ 

3 B. 64°30' W ___ _ 
4 8.40°30' W __ __ 
~ 8.77°45' W ___ _ 

19.73 __________ 19. 73 _________________________ . ______________________ __ 
20,00 __ .02 20,00 __________ 20.00 ___ ______ 0.40 
23.20 23.20 _________________________ . _ _ 40. ()() 928.00 _______ . __ 
13.00 ._________ 1.12 __________ 12.00 27.04 __________ 30.28 
7.10 __________ 2.19 ._________ 6.75 7.33 __________ 16.05 
.33 __________ .14 . ________ . .29 .29 __________ .~ 

9.06 
20.00 
19. i3 
12.fii 
5.40 
5.16 

23.20 

19.73 ___ . 

19. 73 

23.20 

9.06 
,02 

5.45 
4. II 
1. 09 

l\l, 73 

20.00 20.00 

20.00 _________ _ 

20.00 

11.45 
3.51 
5.04 

20,00 

928.00 
46. 77 

881.23 

46.77 

4-l.06 Lot 5 

20.00 __ ~40 
40.00 789.20 _____ .. __ 
2ll,55 _.________ 1M. 60 
13.59 __________ M.85 
5.04 __________ 5.49 

789.20 
217. a. 
~71.86 

217.34 

28.59 Lot & 

Tabling and calculations of T. 15 N., R. 20 E., section 25, lots 7 
and 8: 

No. Course 

B. 0°01' E _____ _ 
B. 89°56' E ____ _ 
North ________ _ 

~ 8.77°45' W ___ _ 
6 N.76°00'W ___ _ 
7 B. 80°00' W ___ _ 

B. 0°01' E _____ _ 
B. 89°56' E ____ _ 
N. 0°01' W ____ _ 

7 B. 80°00' W ___ _ 
S 8. 81°OS' W ___ _ 
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Latitudes Departures 
Distance 1----;-----1----,------ D.M.D's N. &reM 8. areas 

North South East West 

8.51 __________ 8.51 ____ . _ .. _____________ ._. ____________________ •• 
20,00 __________ .03 20.00 __________ 20.00 _____ .____ 0.60 
\1,06 9.06 _________ . __________ __________ 40.00 362.40 _________ . 
1.84 ________ ._ .39 __________ 1. SO :18.20 ___ . ___ 14.00 
7.40 1.80 _________ __________ 7.18 29.22 52.60 ________ __ 

11.19 __________ 1.93 __________ 11.02 11.02 __________ 21.27 

5.36 
20.00 
8 • .'>1 

.1-1 
HI. 43 

10.86 10.86 20.00 20.00 

__________ 5.36 _______ . __ . ___________ _ 

415,00 
36.77 

36. 77 

-1----
378.23 

18.91 Lot 7 

_ ______ . __ .02 20.00 ._________ 20.00 ____ __ ____ .40 
8.51 _____ . _____________ . __________ 40.00 340.40 ________ _ 

_ ________ . .14 __________ .RO 39.20 __________ 5.49 
______ . __ . 2.99 19.20 19.20 ._________ 57.41 

8.51 8.51 20.00 20.00 340.40 
63.30 

277. 10 

63.30 

13.85 Lot 8 
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PLATS 411

INKING THE DRAWING

596. The best black drawing ink should always be employed, and

the ink should never be diluted. The drafting work should be sharp

and clear, uniform in density of color, and the lettering standardized

as to gage and style. It is important to bear in mind that if the

drafting is done with a diluted ink or otherwise left gray in appearance,

it will be lost in varying degrees during the process of reproduction.

597. The drafting work should be open, making reasonable allow-

ance for needed separation of detail. This will help to avoid a ten-

dency for work to close across narrow spaces during reproduction.

Where necessary, the detail of improvements, works, or structures

should be discontinued in order to avoid overlapping or obscuring the

more essential features of the plat. The arrangement of some of the

more minute data on the specimen township plat illustrates the mini-

mum to which the work may be condensed safely. Attention is

directed to the space allowed between the lettering and the adjacent

lines; this is never less than the space between the upper two points

of the gage for the lettering; this is the rule where the drawing is to be

reproduced at the same scale; proportionately more space should be

allowed on special drawings where a reduction of scale is to be made

on reproduction. The same safeguards should be applied in spacing

the adjoining letters, and it will be noted that the spacing between

letters bears a definite relation to the gage employed.

598. An experienced draftsman will endeaver to keep the drawing

as clean as possible, so as to avoid needless erasing. A cover sheet,

with an opening, is recommended. The sharp, black lines must be

preserved in their original clear-cut effect, or else, unless carefully

retouched, there will follow a certain loss in the process of reproduction.

If uniformity is lacking, such as a mixture of heavy and pale letters

and figures or a varying degree of density, the photographing has a

tendency to exaggerate the differences and the reproduction will be

unsatisfactory. Sections 567 and 596.

LETTERING

599. Generally all letters and figures are drafted in the pure Gothic,

or simple block style. In the smaller gages the letters and figures are

drawn as single lines; it is ordinarily called single-stroke lettering. In

the larger gages double parallel lines are required, usually made by

single stroke, after which the form is filled in. The same gages and

similar styles will be selected if lettering devices are employed. If the

lettering is accomplished by direct type impression or by the stick-up

process with type printing on adhesive cellophane, corresponding

sizes will be used.

599
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INKING THE ORA WING 
596. The best bla~k drawing ink should always be employed, and 

the ink should never be diluted. The drafting work should be sharp 
and clear, uniform in density of color, and the lettering standardized 
as to gage and style. It is important to bear in mind that if the 
drafting is done with a diluted ink or otherwise left gray in appearance, 
it will be lost in varying degrees during the process of reproduction. 

597. The drafting work should be open, making reasonable allow
ance for needed separation of detail. This will help to avoid a ten
dency for work to close across narrow spaces during reproduction. 
Where necessary, the detail of improvements, works, or structures 
should be discontinued in order to avoid overlapping or obscuring the 
more essential features of the plat. The arrangement of some of the 
more minute data on the specimen township plat illustrates the mini
mum to which the work may be condensed safely. Attention is 
directed to the space allowed between the lettering and the adjacent 
lines; this is never less than the space between the upper two points 
of the gage for the lettering; this is the rule where the drawing is to be 
reproduced at the same scale; proportionately more space should be 
allowed on special drawings where a reduction of scale is to be made 
on reproduction. The snme safeguards should be applied in spacing 
t.he adjoining letters, and it will be noted that the spacing between 
letters bears a definite relation to the gage employed. 

598. An experienced draftsman will endeaver to keep the drawing 
as clean as possible, so as to avoid needless erasing. A cover sheet, 
with an opening, is recommended. The sharp, black lines must be 
preserved in their original clear-cut eifect, or else, unless carefully 
retouched, there will follow a certain loss in the process of reproduction. 
If uniformity is lacking, such as a mixture of heavy and pale letters 
and figures or a varying degree of density, the photographing has a 
tendency to exaggerate the differences and the reproduction will be 
unsatisfactory. Sections 567 and 596. 

LETTERING 

599. Generally all letters and figures are drafted in the pure Gothic, 
or simple block style. In the smaller gages the letters and figures are 
drawn as single lines; it is ordinarily called single-stroke lettering. In 
the larger gages double parallel lines are required, usually made by 
single stroke, after which the form is filled in. The same gages and 
similar styles will be selected if lettering devices are employed. If the 
lettering is accomplished by direct type impression or by the stick"..up 
process with type printing on adhesive cellophane, corresponding 
ebes will be used. 
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412

MANUAL OF SURVEYING INSTRUCTIONS

600. The following tabic shows the usual styles and sizes to be

followed in preparing a plat on the usual scale of 1 inch equals 40

chains; the gage is stated in tenths of a millimeter and the number of

the guide refers to thousandths of an inch.

Class

Oage

Guide

Style

Title

60

40

20

16

12

20-10

240

178

Subtitle

120

Total areas

100

Vertical.

Do.

Vertical, caps, or cap. and 1. c.

Lot numbers and areas, usually

80

Proper names of land objects, towns, works struc-

tures and tabular data.

120-80

Proper names of water areas and streams

20-10

15-10

120-80

90-80

Slanting, caps, or cap. and 1. c.

Slanting, caps.

Directions and lengths of lines and other technical

data.

Explanatory notes, kinds of timber and similar data.

16-10

IS

90-80

90

Slanting, cap. and 1. c.

Do.

Certificates

601. At this stage of the drafting work attention should be given

to the showing of the directions and lengths of all necessary con-

necting lines, in addition to the data which ordinarily appears on the

S89Â°S2'Â£. 77.87
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Sec. 18

Figure 81.â��Enlarged diagram.

Boundaries of Lake City town site.
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600. The following table shows the usual styles and sizes to be 
followed in preparing a plat on the usual scale of 1 inch equals 40 
chains; the gage is stated in tenths of a millimeter and the number of 
the guide refers to thousandths of an inch. 

Class Gage Guido Style 

TitJp. ________________________________________________ 
60 240 Vertiral, caps. 

8ubtlt1~ _____________________________________________ 
40 176 Vl'rtic'al. caps, or cap. and 1. o. Sections ____________________________________________ 20 120 Vl'rtical, cap. and 1. c. 'I'otal areas __________________ 16 100 Vertical. 

Lot numbers and areas, usllRl1y~~~~====~~======-==== 12 SO Do. 
Proper names of land objel:t.<, towns, 'Works struc- 20-10 120--80 Vertical, caps, or cap. and 1. c. 

tures and tabular data. 
Proper names of water area.~ and streams _ _ _ _ _ _ __ 20-10 lID-SO Slantin!:, caps, or cap. and 1. c. 
Directions and lengths of lines and other technical 15-10 9O--Ml 81antin!:, caps. 

data. 
Explanatory notes, kinds of timber and ~Imllar data_ 15-10 00---110 SIantln!:, cap. and I. c. Certl11cates_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____ 16 90 Do. 

601. At this stage of the drafting work attention should be given 
to the showing of the directions and lengths of all necessary con
necting lines, in addition to the data which ordinarily appears on the 

S8.9~2E. 77.87 

(2!JOO/ 

LINS LAK£ 

Sec.lB 
J'rOUlUI: Sl.-Enlar&.ed diagram. 

Boundaries 01 Lake Oit), town sUe. 
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PLATS 413

section boundaries. The requirements are set out in sections 163, 190,

232, 233, and 254, chapters III and IV. Additional sheets, drawn to

a larger scale, are employed in order to show the detail of complicated

situations. Section 569.

TOPOGRAPHY

602. Coming now to a consideration of the map features of the

plat, it is thought best to point out first that generally only the most

essential topographic data need be shown upon the plat. All classes

of topography are encountered in practice. Some plats may not

require the showing of any topography, others may require the

showing of many different features, where the drawing in addition to

being a plat may be a complete topographic map. Whatever may

be the requirements of the situation, it is intended that the important

map features be delineated by the standard symbols adopted by the

Board of Surveys and Maps of the Federal Government.1 A sum-

mary of what is required is contained in section 236, chapter III.

603. In the preparation of the drawing the first question to be

considered, after the completion of the base and before adding the

topography, is how the important map features are to be shown

without obscuring the base data. In simple cases all work may be

done readily in black ink on the base drawing. In the difficult cases

several overprints in transparent colors may be required. Good

judgment should be exercised regarding what is essential, and how

the essential things may be shown without unwarranted cost.

604. If the situation requires a transparent overprint of a certain

conventional color all of the group of map features which are usually

shown in that color will be included. The specimen plat is intended

as an example where all map features, with the exception of certain

improvements, works, or structures are shown in conventional trans-

parent overprints.

605. Where colors are not required, as in the more simple cases,

all map features or groups of features will be delineated upon the

base drawing in black ink, following the conventional symbols, and

with the exercise of the greatest care that the map features do not

interfere with or overlap, or too closely approach the base data. In

i Standard symbol sheet may be obtained from the Director, TJ. S. Geological Survey, Washington 25,

D.O.
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section boundaries. The requirements are set out in sections 163, 190, 
232, 233, and 254, chapters III and IV. Additional sheets, drawn to 
& larger Beale, are employed in order to show the detail of complica.ted 
situations. Section 569. 

TOPOGRAPHY 
602. Coming now to a consideration of the map features of the 

plat, it is thought best to point out first that generally only the most 
essential topographic data need be sho'wn upon the plat. All classes 
of topography are encountered in practice. Some plats may not 
require the showing of any topography, others may require the 
showing of many different features, where the drawing in addition to 
being a plat may be a complete topographic map. "'natever may 
be the requirements of the situation, it is intended that the important 
map features be delineated by the standard symbols adopted by the 
Board of Surveys and Maps of the Federal Government.! A sum
mary of what is required is contained in section 236, chapter III. 

603. In the preparation of the drawing the first question to be 
considered, after the completion of the base and before adding the 
topography, is how the important map features are to be shown 
without obscuring the base data. In simple cases all work may be 
done readily 'in black ink on the base drawing. In the difficult cases 
several overprints in transparent colors may be required. Good 
judgment should be exercised regarding what is essential, and bow 
the essential things may be shown without unwarranted cost. 

604. If the situation requires a transparent overprint of a certain 
conventional color all of the group of map features which are usually 
shown in that color will be included. The specimen plat is intended 
as an example where all map features, with the exception of certain 
improvements, works, or structures are shown in conventional trans
parent overprints. 

605. Where colors are not required, as in the more simple cases, 
all map features or groups of features will be delineated upon the 
base drawing in black ink, following the conventional symbols, and 
with the exercise of the greatest care that the map features do not 
interfere with or overlap, or too closely approach the base data. In 

, Standard symbol sheet may be obtained from the Director, U. S. Geological Survey, Wuh1naton 26, 
D.O. 
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414 MANUAL OF SURVEYING INSTRUCTIONS

all such simple cases the topography will be shown as in the following

outline:

Simple Drawings, All Black

Low relief Black hachure.

Wagon roads and highways Black lines, parallel

Pack trail Black line, broken.

Culture Black pattern.

Alkali flats Black depression-con-

tour and pattern.

Sand dunes Black pattern.

Water surface, large rivers and lakes Black meander line,

without water lines.

Minor drainage Black line, or broken

line and dots.

Wide sandy bottomed draws Black pattern.

Ponds Do.

Marsh Do.

Timber Black pattern or mar-

ginal note.

606. Where groups of important map features are extensive or

complicated, or are of such a character that it is impracticable to

execute the drawing in black without detriment to the base, trans-

parent overprints will be employed as shown in the following outlines:

Brown Overprint

Low relief where important, and all heavy relief Brown hachure.

Wagon roads and highways Brown lines, parallel.

Pack trail Brown line, broken.

Culture Brown pattern.

Alkali flats Brown depression-con-

tour and pattern.

Wide sandy bottomed draws Brown pattern.

Sand dunes Do.

Blue Overprint

Water surface, large rivers and lakes Blue meander line and

blue water lines, or

black meander line

with flat blue tint.

Minor drainage Blue lino, or broken

line and dots.

Ponds Blue pattern.

Marsh Do.

Green Overprint

Timber on level and gentle slopes Green pattern.

Timber on steep slopes Kind, lettered in black,

or green pattern (to

be transferred from a

special overlay.) (See

sees. 608, 600, 612,

and 616.)
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all such simple cases the topography will be shown as in the following 
outline: 

Simple Drawings, All Black 
Low relieL ________________________________________ Black hachure. 
Wagon roads and highways _________________________ _ 
Pack trail ________________________________________ _ 
Culture __________________________________________ _ 
Alkali flats ________________________ .. _______________ _ 

Sand dune8 _______________________________________ _ 

Water surface, large rivers ancllllkt,~ _________________ _ 

Minor drainage ____________________________________ _ 

Wide sandy bottomed draws ________________________ _ 
Ponds ____________________________________________ _ 
~Iarsh ___________________________________________ _ 
Timber ___________________________________________ _ 

Black lines, parallel. 
mack line, broken. 
Black pattern. 
Black depression-con

tour and pattern. 
Black pattern. 
Black meander line, 

without water lines. 
Black line, or broken 

line and dots. 
Black pattern. 

Do. 
Do. 

Black pattern or mar
ginal note. 

606. Where groups of important map fc.\atur('~ are extensive or 
complicated, or are of such a character that it is impracticable to 
execute the drawing in black without detriment to the base, trans
parent overprints will be employed as shown in th(' following outlines: 

Brown Overprint 
Low relief where important, and all heavy relieL _ _ _ _ _ _ _ Brown hachure. 
Wagon roads and highways __________________________ Brown lines, parallel. 
Pack traiL ________________________________________ Brown line, broken. 
Culture ___________________________________________ Brown pattern. 
Alkali flats_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Brown depression-con

tour and pattern. 
Wide sandy bottomed draws_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Brown pattern. 
Sand dunes_______________________________ _________ Do. 

Blue Overprint 
Water surface, large riverH and lakes __________________ HIue meander line and 

Minor drainage ____________________________________ _ 

Ponds ____________________________________________ _ 
~Iarsh ___________________________________________ _ 

Green Overprint 

hI lit' water lines, or 
"lark meander line 
wit h flat blue tint. 

Bhw linc, or broken 
Ii IIIl and dots. 

BIue pa.ttern. 
Do. 

Timber on len'l anel gentle tllol>('s _____________________ Gr('('ll pattern. 
Timber on steep slopes _____________________ . ________ Killel, lettered in black, 
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PLATS 415

607. In making the drawing, where overprints are required, sep-

arate sheets are employed, known as overlays, upon each of which will

be drawn in black ink all natural features which are to be shown by

overprint in the same color. It is important that these sheets be

of the same quality, well-seasoned drawing paper as that used for the

base, using the same exact scale and making provision for exact

"register" when combined with the base drawing.

Before cutting large sheets of drawing paper the draftsman should

mark parallel pencil lines on each unit to be cut, on the proper face,

and thereafter execute all work on the face of the paper, and see

that companion sheets are not turned at right angles. This will

avoid much trouble in registration of companion sheets through

unequal expansion or contraction due to moisture conditions or changes

of temperature.

608. Usually it will be best to transfer the section boundaries

accurately from the base drawing to the overlay, by carefully pricking

through, then showing the lines in pencil only, excepting that for

purposes of assembling the positions of a few section corners should

be indicated by very short intersecting fine black lines. The town-

ship corners and the center point of the township will generally serve

best for purposes of registration. Additional points may be em-

ployed if the work is complicated. The several groups of map

features as may suit the situation will then be drawn on the overlay,

all to be in black ink.

Each color employed requires a separate overlay.

609. Generally the description of the timber throughout the town-

ship may be covered by a marginal note but in cases where it is de-

sirable to show the margin of the timber an overlay for green over-

print will be required.

610. Ordinarily, the hachure is utilized to show abrupt changes in

elevation within level and gently rolling regions, such differences as

the eye would quickly note on the ground and readily follow. The

hachure is also employed to show all important mesas, peaks, ridges,

spurs, and heavy slopes, in such a manner as to portray the bold

relief without attempting to show unimportant and minor detail.

Only the most important slopes will be shown in a gently rolling

country, and care will be needed in drafting to avoid giving a rolling

mountainous region the appearance of abrupt or high mountainous

slopes.

611. The blue overprint is intended where there are streams and

lakes of importance, or where the drainage features, if shown in

black, would tend to obscure the base, as where there are numerous

lakes and streams, or extensive ponds or marshes to be shown in

areas of swamp and overflowed lands.
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607. In making the drawing, where overprints are required, jlep
arate sheets are employed, known as overlays, upon each of which will 
be drawn in black ink all natural features which are to be shown by 
overprint in the same color. It is important that these sheets be 
of the same quality, well-seasoned drawing paper as that used for the 
base, using the same exact scale and making provision for exact 
"register" when combined with the base drawing. 

Before cutting large sheets of drawing paper the draftsman should 
mark parallel pencil lines on each unit to be cut, on the proper face, 
and thereafter execute all work on the face of the paper, and see 
that companion sheets are not turned at right angles. This will 
avoid much trouble in registration of companion sheets through 
unequal expansion or contraction due to moisture conditions or cha.nges 
o~ temperature. 

608. Usually it will be best to transfer the section boundaries 
accurately from the base drawing to the overlay, by carefully pricking 
through, then showing the lines in pencil only, excepting that for 
purposes of assembling the positions of a few section corners should 
be indicated by very short intersecting fine black lines. The town
ship corners and the center point of the township will generally serve 
best for purposes of registration. Additional points may be em
ployed if the work is complicated. The several groups of map 
features as may suit the situation will then be drawn on the overlay, 
all to be in black ink. 

Each color employed requires a separate overlay. 
609. Generally the description of the timber throughout the town

ship may be covered by a marginal note but in cases where it is de
sirable to show the margin of the timber an overlay for green over
print will be required. 

610. Ordinarily, the bachure is utilized to show abrupt changes in 
elevation within level and gently rolling regions, such differences as 
the eye would quickly note on the ground and readily follow. The 
hachure is also employed to show all important mesas, peaks, ridges, 
spurs, and heavy slopes, in such a manner as to portray the bold 
relief without attempting to show unimportant and minor detail. 
Only the most important slopes will be shown in a gently rolling 
country, and care will be needed in drafting to avoid giving a rolling 
mountainous region the appearance of abrupt or high mountainous 
slopes. 

SII. The blue overprint is intended where there are streams and 
lakes of importance, or where the drainage features, if shown in 
black, would tend to obscure the base, as where there are numerous 
lakes and streams, or extensive ponds or marshes to be shown in 
areas of swamp and overflowed lands. 
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416 MANUAL OF SURVEYING INSTRUCTIONS

612. The green overprint is intended for use only where distinc-

tions must be shown between forested and nonforested areas and where

the cost of the overprint is justified, as in the case of important forest

areas.

FIELD SKETCH

613. Preference should be given to the use of form lines on the field

sketch plat to show relief. The form lines are intended to be approx-

imate contours, but are largely sketched without an exact interval

or precise elevation above sea level. The form lines carry a much

better portrayal of relief than can be shown by the hachure alone,

and readily indicate to the engineer and draftsman the position and

outline of abrupt changes in slope and the extent of ascents and

descents. The hachure is fundamentally dependent upon the approx-

imate contour line for relative slopes and forms. All available data

for elevation above sea level and extent of ascents and descents

along the surveyed lines may be incorporated in the form-line sketch.

Relief can be shown more readily and accurately by using the form-

line method for field sketching. The draftsman will transfer the form

lines to the overlay in pencil and then supply the artistic hachuring

for the finished plat.

614. A well-executed and reasonably accurate field sketch plat is

a necessity, if the draftsman is to obtain a representative result, and

the engineer is expected to exercise good judgment in doing what is

required in the field. A choice of methods is available for ascertaining

the map data within the interior of sections, to be accomplished always

with regard for the practical value of the work for the purpose of the

plat and the economic manner of obtaining the data. The crest or

divide forms, slope forms, stream or drainage lines, and meander lines

of the larger bodies of water, together constitute the natural skeleton

of the map, and when carefully drawn may be readily and correctly

interpreted.

In areas where aerial photographs are available, copies will be

secured and supplied with the field data. While the survey is in

progress, connecting lines will be run to selected points in order to

secure control for use of this highly important mapping information.

Points that can be positively identified on adjoining pictures should

be selected and a half dozen such points fairly evenly spaced along

each flight across the township will afford ample control for laying out

the section or other lines of the survey on the photographs.

The following statement, when applicable, will be placed on the plat

below the border line in the lower left corner.

Aerial photographs, coordinated with ground control obtained during survey

have been used in compiling the topography shown on this plat.
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612. The green overprint is intended for use only where distinc
tions must be shown between forested and nonforested areas and where 
the cost of the overprint is justified, as in the case of important forest 
areas. 

FIELD SKETCH 

613. Preference should be given to the use of form lines on the field 
sketch plat to show relief. The form lines are intended to be approx
imate contours, but are largely sketched without an exact interval 
or precise elevation above sea level. The form lines carry a much 
better portrayal of relief than can be shown by the hachure alone, 
and readily indicate to the engineer and draftsman the position and 
outline of abrupt changes in slope and the extent of ascents and 
descents. The hachure is fundamentally dependent upon the approx
imate contour line for relative slopes and forms. All available data 
for elevation above sea level and extent of ascents and descents 
along the surveyed lines may be incorporated in the form-line sketch. 
Relief can be shown more readily and accurately by using the form
line method for field sketching. The draftsman will transfer the form 
lines to the overlay in pencil and then supply the artistic hachuring 
for the finished plat. 

614. A well-executed and reasonably accurate field sketch plat is 
a necessity, if the draftsman is to obtain a representative result, and 
the engineer is expected to exercise good judgment in doing what is 
required in the fie1d. A choice of methods is available for ascertaining 
the map data within the interior of sections, to be accomplished always 
with regard for the practical value of the work for the purpose of the 
plat and the economic manner of obtaining the data. The crest or 
divide forms, slope forms, stream or drainage lines, and meander lines 
of the larger bodies of water, together constitute the natural skeleton 
of the map, and when carefully drawn may be readily and correctly 
interpreted. 

In areas where aerial photographs are available, copies will be 
secured and supplied with the field data. While the survey is in 
progress, connecting lines will be run to selected points in order to 
secure control for use of this highly important mapping information. 
Points that can be positively identified on adjoining pictures should 
be selected and a half dozen such points fair1y evenly spaced along 
each flight across the township will afford ample control for laying out 
the section or other lines of the survey on the photographs. 

The following statement, when applicable, will be placed on the plat 
below the border line in the lower left comer. 

Aerial photographs, coordinated with ground control obtained duriDg survey 
have been used in compiling the topography shown on this plat. 
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PLATS 417

615. The special instructions for each survey will outline any

exceptional methods which are to be employed in the field in the

ascertainment of the topographic data, and how the data are to be

shown upon the field sketch or map, particularly where the situation

requires special consideration, and where it can be foreseen that one

or more groups of map features so predominate the situation that

overprints will be required on the completed plat, as heretofore

described. The field sketch becomes the draftsman's guide and,

together with the field notes, the record to be followed. It suffices

to state that such record should be truly representative of the situ-

ation on the ground, with an accuracy in its various details which

will reflect the practical relative importance.

616. Occasionally, in connection with resurveys, for example, the

development of the map data of the region may even precede other

parts of the survey work, for its great value in making restorations

of lost or obliterated corners, and for ascertaining the location of

roads, improvements, and cultivated tracts upon patented and entered

lands. Additional examples of the enlarged importance of the map

features of the plat will be found in certain classes of surveys within

Indian and forest reservations, coal fields, mineral areas, water-

power sites, reservoir sites, irrigation projects, and other regions of

relatively large prospective value. In these cases, which frequently

embrace regions of extremely bold relief, coordinated cadastral and

topographic surveys are made if and when deemed to be advisable for

administrative purposes. The relief is shown by brown contour lines,

and the timber by green pattern, as conventional for topographic maps.

617. The names of natural features will be correctly given accord-

ing to accepted usage. Engineers are not authorized to report names

of their own selection, but in case of doubt will submit the question

through official channels for reference to the United States Board

on Geographical Names.

TITLE

618. Every plat will be given a title similar to that on the speci-

men plat. This shows the township, the principal meridian, and

the State. Portions of townships showing original subdivisional sur-

veys may usually be given the same title without confusion, and it is

usually desirable to do so in order to identify the plat in the simplest

possible manner. Where supplemental plats and fragmentary sub-

divisional surveys are necessary, and for all resurvey plats, some

appropriate subtitle, to qualify the nature of the survey, is usually

desirable. The subject is again referred to in sec. 668. The title

and date of approval usually suffice to identify a plat; the subtitle,

if employed, will explain the special purpose of the plat.
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418 MANUAL OF SURVEYING INSTRUCTIONS

MEMORANDA

619. A memorandum is required on each plat, intended to correlate

and consolidate the record of the subsisting surveys so far as shown

on that plat. This memoranda will have a wide variety of references.

The simple form that is shown on the specimen township plat will be

extended as required. The practice heretofore, on strictly original

surveys, was to reduce this data to a box-form of tabulation; that

form will be discontinued.

A conventional symbol is shown to indicate the line of the true

meridian. The mean magnetic declination will be given as related

to the southeast corner of the township, or the southeast point of the

survey for areas less than the normal township. Sections 40, and

236, item 19.

The latitude and longitude are shown for the southeast corner of the

township, lettered on the plat at that point, or for the southeast point

of the survey when less than the normal township. The values will

be given according to the best available data, such as to the nearest

even single minute when depending upon a calculation from some

remote known station. The value may be extended to seconds if the

field notes give a tie to a geodetic station of known accuracy. Sections

47, 73.

Each plat of an original survey will carry a note of the total area

surveyed, derived by taking the sum of all sectional-total areas which

are identified by that plat. If resurveys are involved the rule is

stated in section 662.

The scale of the plat will be shown by the true fraction, also by

bar-scale as a precaution for the interpretation of the scale in those

cases where the plat may be enlarged or reduced on reproduction.

Other marginal or tabular data will be shown to facilitate the draft-

ing and usefulness of the plat, as indicated in many sections of the

Manual, always with due regard for correct interpretation. The fol-

lowing list will serve as a reference to those sections:

Retracement of prior surveys, section 215

Magnetic declination, section 236

Witness corners, section 254

Dependent resurvey, memorandum, section 425

Independent resurvey, conformation of claims, section 448

Independent resurvey, memorandum, sections 449, 450, 460

Townsites, monumentation, section 486
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PLATS 419

Townsites, titles and certificates, section 488

Erroneously omitted areas, memorandum, sections 517 and 518

Omitted lands, marginal note, section 529

Plat requirements, general, section 566

Base drawing, memoranda and data on, section 569

Use of. aerial photographs, section 614

Supplemental plats, reference to former plats, section 627

Supplemental plats, memorandum and certificates, sections

632 to 638

Erosion, memorandum on plat, section 642

Fragmentary surveys, reference to former plat, section 643

Independent resurvey, index of segregated tracts, sections 649,

650, 652, 653, 666

Independent resurvey, overlapping claims, section 657

Independent resurvey, memorandum, section 658

Independent resurvey, numbering of sheets, section 659

Resurveys, citation of authority, section 663

Resurveys, descriptions and areas, section 664

Subtitles, section 668

CERTIFICATES

620. The executive duties pertaining to surveying the public

lands is vested in the Director, Bureau of Land Management, under

the direction of the Secretary of the Interior (R. S. sec. 453; 43 U. S.

C. sec. 2). It is proper for the Director, acting under this authority,

to specify how surveys shall be made and plats constructed.

621. Under the current plan of organization, the returns of surveys

are prepared in the regional or public survey offices, and transmitted

to the Director, Bureau of Land Management, by the regional admin-

istrator with recommendation for approval of the field notes and

acceptance of the survey. The administrative details of the technical

examination of the work prior to the approval and acceptance of sur-

veys are prescribed by departmental regulations. The form and

arrangement of the certificate of acceptance are shown on the speci-

men township plat and should be followed so far as practicable on all

plats.
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420 MANUAL OF SURVEYING INSTRUCTIONS

REPRODUCTION AND DISTRIBUTION OF PLATS

622. The usual practice is to secure a photolithographic edition of

the plat with three copies printed on hard paper which are designated

as the official original, duplicate, and triplicate plats. The original is

transmitted to the proper regional or public survey office, the dupli-

cate is retained in the Washington office, and the triplicate is trans-

mitted to the proper district land office. A few copies printed on

map paper are transmitted to the regional or public survey office

and the remainder of the edition is retained in the Washington office

for official use and to supply the public. The drawings from which

the photolithographic edition is secured are returned to the proper

field office.

623. The original returns of current surveys within those States

where the public survey offices have been discontinued are filed in

the Bureau of Land Management at Washington, D. C. The dupli-

cates of the plat and field notes of such surveys are furnished to the

proper State office, noted in section 10, chapter I.

624. The original, duplicate, and triplicate plats which are not

reproduced by photolithographing will be distributed in the same

manner as prescribed in section 622.

SUPPLEMENTAL PLATS

625. A supplemental plat is prepared entirely from office records

and is designed to show a revised subdivision of one or more sections

without change in the section boundaries and without other modifica-

tion of the subsisting record. Supplemental plats are prepared for

acceptance by the Director.

626. Supplemental plats are required where the subsisting plat

fails to provide units suitable for administration or disposal, or where

a modification of its showing is necessary. They are also required

to show the segregation of alienated lands from public lands where

the former are included in irregular surveys of patented mineral or

other private claims made subsequent to the plat of the subsisting

survey or where the segregation of the claims was overlooked at the

time of its approval.

627. All supplemental plats should show a proper reference to the

622

420 MANUAL OF SURVEYING INSTRUCTIONS 

REPRODualON AND DISTRIBUTION OF PLATS 
622. The usual practice is to secure a photolithographic edition of 

the plat with three copies printed on hard paper which are designated 
as the official original, duplicate, and triplicate plats. The original is 
transmitted to the proper regi~nal or public survey office, the dupli
cate is retained in the Washington office, and the triplicate is trD.ll8-
mitted to the proper district land office. A few copies printed on 
map paper are transmitted to the regional or public survey office 
and the remainder of the edition is retained in the Was~ton office 
for official usc and to supply the public. The drawings from which 
the photolithographic edition is secured are returned to the proper 
field office. 

623. The original returns of current surveys within those States 
where the public survey offices have been discontinued are filed in 
the Bureau of Land Management at Washington, D. C. The dupli
cates of the plat and field notes of such surveys are furnished to the 
proper State office, noted in section 10, chapter I. 

624. The original, duplicate, and triplicate plats which are not 
reproduced by photolithographing will be distributed in the same 
manner as prescribed in section 622. 

SUPPLEMENTAL PLATS 

625. A supplemental plat is prepared entirely from office records 
and is designed to show a revised subdivision of one or more sections 
without change in the section boundaries and without other modifica
tion of the subsisting record. Supplemental plats are prepared for 
acceptance by the Director. 

626. Supplemental plats are required where the subsisting plat 
fails to provide units suitable for administration or disposal, or where 
a modification of its showing is necessary. They are also required 
to show the segregation of alienated lands from public lands where 
the former are included in irr<,gular surveys of patented mineral or 
other private claims made subsequent to the plat of the subsisting 
surveyor where the segregation of the claims was overlooked at the 
time of its approval. 

627. All supplemental plats should show a proper reference to the 

622 -
Dig ize b 

Original from 
UNIVERSITY OF INNESOTA 

• 



PLATS 421

former plat, the purpose of and the authority for its preparation, and

all essential data, without unnecessary duplication of that carried by

the former plat. The scale of the supplemental plat may be enlarged

to 1 inch equals 10 or 20 chains, as appropriate.

628. The new lots will be numbered as required in sections 199 and

224, Chapter III, and proper areas returned. The computation of

the areas of the lots will be based upon the subsisting record. No

revision of the total area within the section is required and generally

there is no occasion for showing topography.

629. The revised lottings on supplemental plats resulting from the

segregation of mineral surveys, as well as those resulting from mineral

segregation surveys (section 504) will be confined to the subdivisions

embraced within the pending entry as there is generally no way of

foreseeing the scope of subsequent entries or additional segregations

that may be made in the vacant areas.

630. The lengths of lines are expressed in feet in the record of a

mineral survey and in chains in the record of the rectangular net thus

requiring the conversion of one of the units for platting purposes.

Whenever the segregation of mineral claims is involved, except when

shown in outline only on the base plat, the scale of the plat will be

shown by a stated ratio and bar scales for both the foot and the chain

units, but the values on the face of the drawing will be given in the

chain unit only. Although both units are indicated, the use of one

unit only is practicable for platting and scaling. Where the mineral

surveys predominate, less conversion is required for the drafting and

the finished plat lends itself more readily to scaling where the foot

scale is used in the protraction even though values are expressed in

chains.

631. The authority for the preparation of supplemental plats issues

only from the Director, Bureau of Land Management. The specific

purpose to be served and the details involved are included in the letter

of authorization. In every instance the status of the surrounding

subdivisions must be examined prior to authorization and care exer-

cised that no changes are contemplated which will affect any adjoining

entry or patent. If field work is necessary in order to prepare the

plat, the regular procedure outlined for executing a resurvey will be

followed.
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632. The certificates of approval and acceptance will follow the

arrangement shown on the specimen township plat and the memo-

randa will include the pertinent data involved in the preparation of

the plat.

Following are examples for supplemental plats:

633. Illustration, figure 82.

A modified form of lotting to provide new descriptions, based entirely upon the

public land survey record on file in the public survey office, and without addi-

tional field work.

Title: Township 8 North, Range 20 West, of the San Bernardino Meridian,

California. Subtitle: Supplemental Plat.

Scale: Stated ratio (1/15840) and bar scale in chains.

Memorandum:

This plat showing a subdivision of original lots 3 and 4, sec. 19, T. 8 N., R.

20 W., S. B. M., California, based upon the plat approved October 8, 1880, is

prepared to accommodate homestead entry Los Angeles 035503, in accordance

with General Land Office instructions "E" dated April 20, 1945.

Certificate: Heading similar to that shown on the specimen township plat.

This plat, showing amended lottings, is based upon the official records and,

having been correctly prepared in accordance with the regulations, is hereby

accepted.

Director.

634. Illustration, figure 83.

A modified lotting made subsequent to two forest homestead entry surveys,

based entirely upon the public land and forest entry survey records on file in tne

Bureau of Land Management, Washington, D. C, and without additional field

work.

Title: Township 5 South, Range 5 East, of the Black Hills Meridian, South

Dakota. Subtitle: Supplemental Plat.

Scale: Stated ratio (1/7920) and bar scale in chains.

Memorandum:

This plat of sec. 15, Township 5 South, Range 5 East, of the Black Hills Merid-

ian, South Dakota, based upon tho plat approved May 23, 1899, showing amended

lottings created by the segregation of forest homestead entry surveys Nos. 263

and 477, is prepared to accommodate additional homestead entry Pierre 024993.

Certificate:

United States Department of the Interior,

Bureau of Land Management,

Washington, D. G, November S3, 1948.

This plat showing amended lottings, having been correctly prepared in accord-

ance with the regulations, is hereby accepted.

Director.
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635. Illustration, figure 84.

Segregation of patented mineral claims, based entirely upon the public land

and mineral survey records on file in the public survey office, and without addi-

tional field work. The data shown in parentheses along the boundaries of lota

2 and 3 are derived by calculation.

Showing one-half of original drawing.

Title: Township 13 South, Range 41 East, of the Willamette Meridian, Oregon.

Subtitle: Supplemental Plat.

Scale: Stated ratio (1/7020) and bar scale in chains.

Memorandum:

This plat showing amended lottings created by the segregation of the Red,

White, and Blue; Red, White, and Blue No. 4; Belfast; and Champion lodes of

mineral survey No. 759 in sec. 29, T. 13 S., R. 41 E., W. M., Oregon, based upon

the plat approved December 13, 1871, is prepared to accommodate homestead

entry Vale 08873, in accordance with General Land Office instructions "N" dated

April 12, 1945.

Certificate: Heading similar to that shown on the specimen township plat.

This plat, showing amended lottings, is based upon the official records and,

having been correctly prepared in accordance with the regulations, is hereby

accepted.

Director.
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Subtitle: Supplemental Plat. 
Scale: Stated ratio (1/7920) and bar scale in chains. 
Memorandum: 
This plat showing amended lottings created by the segregation of the Red, 

White, and Blue; Red, White, and Blue No.4; Belfast; and Champion lodes of 
mineral survey No. 759 in sec. 29, T. 13 S., R. 41 E., W. M., Oregon, based upon 
the plat approved December 13, 1871, is prepared to accommodate homestead 
entry Vale 08873. in accordance with General Land Office instructions "N" dated 
April 12, 1945. 

Certificate: Heading similar to that shown on the specimen township plat. 
This plat, showing amended lottings, is based upon the official records and, 

having been correctly prepared in accordance with the regulations, is hereby 
accepted. 

Director. 
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636. Illustration, figure 85.

Elimination of unpatented mineral claims, based entirely upon the public land

and mineral survey records on file in the public survey office, and without addi-

tional field work. This is an amendment of a prior supplemental plat. The

claims shown invade original lots 1, 2, 3, and 4; the same numbers were improperly

duplicated on the supplemental plat approved February 6, 1904. Lots 4 to 11,

inclusive, excepting lot 10, shown on the latter plat, all vacant, are eliminated

and their areas are inclined in the amended lottings. However, since lot 1 is

unentered public land it is assigned a new lot number with area in order to elimi-

nate the duplication.

Showing one-half of the original drawing.

Title: Township 14 South, Range 81 West, of the Sixth Principal Meridian,

Colorado. Subtitle: Supplemental Plat.

Scale: Stated ratio (1/7920) and bar scale in chains.

Memorandum:

This plat showing lottings restored to the status of vacant public land, caused

by the elimination of the unpatented Hillerton and Vanadium placer claims

covered by mineral surveys Nos. 439 and 440, in sec. 31, T. 14 S., R. 81 W., 6th

P. M., Colorado, based upon the plats approved August 22, 1882, and February

6, 1904, is prepared to accommodate forest homestead entry Glenwood Springs

026705, in accordance with Bureau of Land Management instructions "N"

dated September 8, 1946.

Certificate: Heading similar to that shown on the specimen township plat.

This plat, showing amended lottings, is based upon the official records and,

having been correctly prepared in accordance with the regulations, is hereby

accepted.

Director.
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636. Illustration, figure 85. 
Elimination of unpatented mineral claims, based entirely upon the public land 

and mineral survey records on file in the public survey office, and without addi
tional field work. This is an amendment of a prior supplemental plat. The 
claims shown invade original lots 1, 2, 3, and 4; the same numbers were improperly 
duplicated on the supplemental plat approved February 6, 1904. Lots 4 to 11, 
inclusive, excepting lot 10, shown on the latter plat, all vacant, are eliminated 
and their areas are inclined in the amended lottings. However, Rince lot 1 is 
unentered public land it is assigned a new lot number with area in order to elimi
nate the duplication. 

Showing one-half of the original drawing. 
Title: Township 14 South, Range 81 West, of the Sixth Principal Meridian, 

Colorado. Subtitle: Supplement 0.1 Plat. 
Scale: Stated ratio (1/7920) and bar scale in chains. 
Memorandum: 
This plat showing lottings restored to the status of vacant public land, caused 

by the elimination of the unpatented Hillerton and Vanadium placer claims 
covered by mineral surveys Nos. 439 and 440, in sec. 31, T. 14 S., R. 81 W., 6th 
P. M., Colorado, based upon the plats approved August 22, 1882, and February 
6, 1904, is prepared to accommodate forest homestead entry Glenwood Springs 
026705, in accordance with Bureau of Land Management instructions "N" 
dated September 8, 1946. 

Certificate: Heading similar to that shown on the specimen township plat. 
This plat, showing amended lottings, is based upon the official records and, 

having been correctly prepared in accordance with the regulations, is hereby 
accep~d. 

Director . 
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PLATS OF MINERAL SEGREGATION SURVEYS

637. Plats of mineral segregation surveys are similar to supplemental

plats that segregate patented mineral surveys but are based upon data

obtained by a field survey rather than solely from office records.

Consequently all field data must be shown and will be used in the

computation of the amended lottings.

Such plats are also accepted by the Director, as indicated by the

following examples.

Illustration, figure 86.

Segregation of patented mineral claim, including a resurvey of the section

boundaries. Field work required to secure connecting line from the public land

net to the location monument and other data for the accurate showing of the

new lots.

Showing one-half of original drawing.

Title: Township 20 South, Range 10 East, of the Gila and Salt River Meridian,

Arizona. Subtitle: Mineral Segregation.

Scale: Stated ratio (1/7920), bar scale in chains, and bar scale in feet.

Memorandum:

Dependent resurvey of section 24, and survey of connecting line to U. S. M. M.

No. 6 for segregation of the Lillie lode of mineral survey No. 562, to accommodate

indemnity school selection Phoenix 039024; executed by Roger F. Wilson, As-

sociate Cadastral Engineer, December 20 and 21, 1946, under special instructions

dated August 29, 1946, for Group 133 Arizona, authorized by Bureau of Land

Management memorandum " E" dated August 8, 1946.

E. bdy. surveyed by Lewis Wolfiey, D. S., in 1885, and subdivision by G. J.

Roskruge, D. S., in 1886, as shown on the plat approved March 27, 1888.

Certificate: Heading similar to that shown on the specimen township plat.

This plat is strictly conformable to the approved field notes, and the survey,

having been correctly executed in accordance with the requirements of law and

the regulations of this bureau, is hereby accepted.

Director.
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PLATS OF MINERAL SEGREGATION SURVEYS 

637. Plats of mineral segregation surveys are similar to supplemental 
plats that segregate patented mineral surveys but are based upon data 
obtained by a field survey rather than solely from office records. 
Consequently all field data must be shown and will be used in the 
computation of the amended lottings. 

Such plats are also accepted by the Director, as indicated by the 
following examples. 

Illustration, figure 86. 
Se~regation of patented mineral claim, including a resurvey of the section 

boundaries. Field work required to secure connecting line from the public land 
net to the location monument and other data for the accurate showing of the 
new lots. 

Showing one-half of original drawing. 
Title: Township 20 South, Range 10 East, of the Gila and Salt River Meridian, 

Arizona. Suhtitle: Mineral Segregation. 
Scale: Stated ratio (1/1920), bar scale in chains, and bar scale in feet. 
Memorandum: 
Dependent resurvey of section 24, and survey of connecting line to U. S. M. M. 

No.6 for segregation of the Lillie lode of mineral survey No. 562, to accommodate 
indemnity school selection Phoenix 039024; executed by Roger F. Wilson, As
sociate Cadastral Engineer, Decembt:r 20 and 21, 1946, under special instructions 
dated August 29, 1946, for Group 133 Arizona, authorized by Bureau of Land 
Management memorandum" E" dated August 8, 1946. 

E. bdy. surveyed by Lewis Wolfley, D. S., in 1885, and subdivision by O. J. 
Roskruge, D. S., in 1886, as shown on the plat approved March 27, 1888. 

Certificate: Heading similar to that shown on the specimen township plat. 
This plat is strictly conformable to the approved field notes, and the survey, 

having been correctly executed in accordance with the requirements of law and 
the regulations of this bureau, is hereby accepted. 

Direcl.or. 
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638. Illustration, figure 87.

Metes-and-bounds survey of an unsurveyed mineral claim, including

a resurvey of the section boundaries and the survey of connections to

the mineral claim.

Showing one-half of original drawing.

Title: Township 21 South, Range 70 West, of the Sixth Principle Meridian,

Colorado. Subtitle: Mineral Segregation.

Scale: Stated ratio (1/7920), bar scale in chains, and bar scale in feet.

Memorandum:

Metes-and-bounds survey of an unsurveyed mineral claim with connecting

lines and the incidental dependent resurvey of section 20, providing the basis for

the segregation of the mineral claim, to accommodate homestead entry Pueblo

044617, executed by Roy E. Chase, Cadastral Engineer, October 7 to 12, 1946,

inclusive, under special instructions dated September 14, 1946, for Group 203,

Colorado, authorized by Bureau of Land Management memorandum "E" dated

July 25, 1946.

Boundaries of sec. 20 surveyed by Albert W. Brewster, D. S., in 1879, as shown

on the plat approved October 23, 1879.

Certificate: Heading similar to that shown on the specimen township plat.

This plat is strictly conformable to the approved field- notss, and the survey,

having been correctly executed in accordance with the requirements of law and

the regulations of this bureau, is hereby accepted.

Director.
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638. TIlustration, figure 87. 
Metes-and-bounds survey of an unsurveyed mineral claim, including 

a. resurvey of the section boundaries and the survey of connections to 
the mineral claim. 

Showing one-half of original drawing. 
Title: Township 21 South, Range 70 West, of the Sixth Principle Meridian, 

Colorado. Subtitle: Mineral Segregation. 
Scale: Stated ratio (1/7920), bar scale in chains, and bar scale in feet. 
Memorandum: 
Metes-and-bounds survey of an unsurveyed mineral claim with connecting 

lines and the incidental dependent resurvey of section 20, providing ~he basis for 
the segregation of the mineral claim, to accommodate homestead entry Pueblo 
044617, executed by Roy E. Chase, Cadastral Engineer, October 7 to 12, 1946, 
inclusive, unrler special instructions dated September 14, 1946, for Group 203, 
Colorado, authorized by Bureau of Land Management memorandum /I E" dated 
July 25, 1946. 

Boundaries of sec. 20 surveyed by Albert W. Brewster, D. S., in 1879, as shown 
on the plat approved October 23, 1879. 

Certificate: Heading similar to that shown on the specimen township plat. 
This plat is strictly conformable to the approved field- not~s, and the survey, 

having been correctly executed in accordance with the requirements of law and 
the regulations of this bureau, is hereby accepted. 

Director. 
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PLATS OF FRAGMENTARY SURVEYS

639. The term "fragmentary survey" may be appropriately applied

to all surveys that are required to identify parts of townships and

sections that were not completed in the first instance. In this

class may be included partially surveyed sections; omitted islands,

if title is in the United States; such areas as lands in place at date of

original subdivision situated between a grossly erroneous or fictitious

meander lino and the actual bank of a stream or lake, where riparian

rights do not obtain as under the usual doctrine; and other lands of

substantial value and extent that for various reasons were not included

in the original surveys. Sections 211, 214-225, 233, and 511.

Figobi 88.

N.8900E.

1.65\W.CMC>yS.89e00'w.0.60
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Representing fractional subdivisions as affected by erosion and accretion after survey, without introducing

questions of riparian rights. The subdivisions affected are shown in two parts: "a" denoting land area

and "b" water area; a proportional adjustment is made in the computation of the quantities, if necessary,

in order to make the mm of "a" and "b" equal to the original total.
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PLATS OF FRAGMENTARY SURVEYS 

639. The term "fragmentary survey" may be appropriately applied 
to all surveys that are required to identify parts of townships and 
sections that were not completed in the first instance. In this 
class may be included partially surveyed sections; omitted. islands, 
if title is in the United States; such areas as lands in place a.t da.te of 
original subdivision situated between a grossly erroneous or fictitious 
meander line and the actual bank of a stream or lake, where riparian 
rights do not obtain as under the usual doctrine; and other lands of 
substantial value and extent that for various reasons were not included 
in the original surveys. Sections 211, 214-225, 233, and 511. 
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640. These types of surveys frequently require consideration of the

question of title involved preliminary to the extension of the former

surveys.

641. In all such fragmentary surveys the new lottings are in addition

to but without changing the former subdivisions if alienated. The

scale of the plats may be enlarged as appropriate.

642. A notable exception to the principle that no changes should be

made in the former lottings is found in those cases which involve re-

tracements or resurveys where erosion has occurred along the bank of

a stream or lake or other body of water which substantially changes

the configuration of the former lots, and where it may be desirable to

show the quantity of land remaining and that destroyed. Similar

problems in platting are found in those cases of erroneous meandering

where the record position of the original meander line is found to fall

within the body of water. In these cases the former lot boundaries

where situated within the water area are indicated in light broken

lines, and the quantities of each subdivision affected are shown in two

parts: part "a" denoting land area and part "b" denoting water area;

these areas are computed proportionately according to the amount

shown for the original subdivision, the sum of " a" and " b" being made

equal to the original total. A memorandum to this effect should

appear upon the plat.

643. All technical data in reference to the retracement, reestablish-

ment and extension of the section boundaries and connecting lines, and

the complete topographical representation over the additional areas,

will be shown upon the plats of fragmentary surveys. If the retrace-

ments and remonumentation assume the character of a dependent

resurvey of the boundaries of one or more sections, that fact will be

indicated on the plat together with a proper showing of the important

map data throughout the entire area surveyed and resurveyed.

There will also be shown an appropriate reference to the former

approved plat or plats, and a citation of the authorization for the

extension survey. The area statement will include separately the

total areas surveyed and resurveyed.

In some fragmentary surveys the main purpose is to ascertain by

retracement the true location of previously established monuments,

and to account for discrepancies in the directions and lengths of lines,

for correct plat representation and as a proper basis for the calculation

of exact areas within the lottings, where the methods customarily

followed in the construction of a supplemental plat are inadequate

(sec. 625). Where such field work is required, the data derived by the

retracement will be employed for all purposes along the plan of a

dependent resurvey. Thus where there are segregations to be made,

the areas of the new lottings will be derived by exact calculation.
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640. These types of surveys frequently require consideration of the 
question of title involved preliminary to the extension of the former 
surveys. 

641. In all such fragmentary surveys the new lottings are in addition 
-to but without changing the former subdivisions if alienated. The 
scale of the plats may be enlarged as appropriate. 

642. A notable exception to the principle that no changes should be 
. made in the former lottings is found in those cases which involve re
tracements or resurveys where erosion has occurred along the bank of 
a stream or lake or other body of water which substantially changes 
the configuration of the former lots, and where it may be desirable to 
show the quantity of land remaining and that destroyed. Similar 
problems in platting are found in those cases of erroneous meandering 
where the record position of the original meander line is found to fall 
within the body of water. In these cases the former lot boundaries 
where situated within the water area are indicated in light broken 
lines, and the quantities of each subdivision affected are shown in two 
parts: part" a" denoting land area and part" b" denoting water area; 
these areas are computed proportionately according to the amount 
shown for the original subdivision, the sum of" a" and" b" being made 
equal to the original total. A memorandum to this effect should 
appear upon the plat. 

643. All technical data in reference to the retracement, reestablish
ment and extension of the section boundaries and connecting lines, and 
the complete topographical representation over the additional areas, 
will be shown upon the plats of fragmentary surveys. If the retrace
ments and remonumentation assume the character of a dependent 
resurvey of the boundaries of one or more sections, that fact will be 
indicated on the plat together with a proper showing of the important 
map data througbout the entire area surveyed and resurveyed. 
There will also be shown an appropriate reference to the former 
approved plat or plats, and a citation of the authorization for the 
extension survey. The area statement will include separately the 
total areas surveyed and resurveyed. 

In some fragmentary surveys the main purpose is to ascertain by 
retracement the true location of previously established monuments, 
and to account for discrepancies in the directions and lengths of lines, 
for correct plat representation and as a proper basis for the calculation 
of exact areas within the lottings, where the methods customarily 
followed in the construction of a supplemental plat are inadequate 
(sec. 625). "llere such field work is required, the data derived by the 
retracement will be employed for all purposes along the plan of a 
dependent resurvey_ Thus where there are segregations to be made, 
the areas of the new lottings will be derived by exact calculation. 
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There are types of motes and bounds surveys (sec. 472) where it is

questionable as to how much of the detail of the directions and lengths

of lines between monuments, or between indicated corners of the sub-

divisions, can be carried to the plat without an overburden at the

scale, or where it may be obviously unnecessary to represent all such

data. In these cases it may be noted on the plat, if notation appears

to be needed, that the data will be found in the field notes of the

survey.

In some cases there are numerous and frequently very irregular

lottings to be shown, as on townsite plats, and plats of subdivisions of

lake-front property, where surveyors, landowners, and prospective

entrymen may refer to the plat for purposes of local survey and identi-

fication, and where it appears that it should be unnecessary to first

secure a copy of the field notes. If that is likely to be the case, the

showing of the complete data should be carried to the plat. The

scale of the base drawing, or that of the required additional sheets, will

be enlarged in these cases to accommodate the proper representation

of the data. The data referring to traverse lines may be shown by

marginal tabulation, if that method appears to clarify the subject.

644. The certificate of acceptance on plats of fragmentary surveys

will take the usual form; the necessary memorandum will be modeled

after the examples given for the special cases already explained in

chapter VII.

RESURVEY PLATS

645. A somewhat different type of plat is required for representing

resurveys as defined in chapter VI. In all cases where valid rights

have been acquired based upon a prior subdivision, it is important that

the plat of the resurvey clearly identify the lands so involved, and that

the plat of the resurvey indicate the descriptions of such lands with

reference to the former plat. The subdivision of the remaining public

lands may or may not be modified, according to the type of resurvey.

646. A resurvey by the United States after the issuance of a patent

does not affect the rights of the patentee under the former survey and

plat. The United States, so long as it has not conveyed the title, may

resurvey or reestablish boundaries. This is done as may appear

necessary, but the resurvey can not affect the rights of owners situated

outside of the boundaries of the public lands. The authority to make

resurveys is subject to the necessary limitation that the courts may

protect the private rights based upon the former survey and plat

against interference by the corrective survey. The courts may

643
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There are types of m('t('s and bounds surveys (sec. 472) where it is 
questionable as to how much of the detail of the directions and lengths 
of lines between mOl1\ijllents, or between indicated corners of the sub
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645. A somewhat different type of plat is required for representing 
resurveys as defined in chapter VI. In all cases where valid rights 
have been acquired based upon a prior subdivision, it is important that 
the plat of the resurvey clearly identify the lands so involved, and that 
the plat of the resurvey indicate the descriptions of such lands with 
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outside of the boundaries of the public lands. The authority to make 
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against interference by the corrective survey. The courts may 
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properly take jurisdiction over matters of interference and hear dis-

putes relating to the position of the former lines.

647. The requirements for showing the positions of alienated lands

on the plats of independent resurveys are given in the memorandum

forms which appear in sections 448, 449, and 450, chapter VI. In the

following sections it will be shown how the identification is to be

accomplished in the cases of both tract segregations and conformed

entries.

648. The tract segregations will be laid out on the plats of resurveys

as any private land claim would be shown upon an original plat,

but in order to show the detail of complicated situations one or

more additional sheets are frequently necessary. If a claim is found

to be conformable as denned in section 445, fifth paragraph, chapter

VI, its boundaries may be shown by giving greater weight to such

parts of the regular subdivision-of-section lines of the resurvey. In

every case the outline of all tract segregations is to be shown on the

first or principal sheet on the normal plan usually employed to show

other types of private land claims.

649. On any of the several sheets, as appropriate, an index will

be supplied to tabulate the description of each tract in terms of the

original plat. The following index form is acceptable:

Index to

segregated tract*

Tract

Original survey

No.

Entry and status

Tp.

Eg.

Sec.

Subdvn.

39

Buffalo 2979.

58

58

68

75

75

75

29

MWKXWH.

H E

29

29

W. J.' Williams.

NWJiSWH.

Patented.

41

Buffalo 1567.

D. L. E.

W. J. Williams.

Pending.

58

58

58

75

75

76

20

20

29

SEJiSWJi.

WMSEtf.

NEMNWtf.

77

Designated school section.

58

75

36

All.

95

Sundance 03186.

D. L. E.

C. R. Massey.

Final certificate.

58

58

74

30

30

Lotl.

Lot 2.

74

101

Vacant.

58

75

24

Lot 4.

102

Vacant.

5S

75

23

NEKSEtf.

650. In some cases there is a demand for the description of a

tract in terms of its component parts as determined by the original

survey; in these exceptional cases, and only as deemed to be appro-

650

PLATS 435 

properly take jurisdiction ov('1' matteI'S of interf('rence and hear dis. 
putes relating to the position of the former lines. 

647. The requirements for showing the positions of alienated lands 
on the plats of independent resurveys are given in the memorandum 
forms which appear in sections 448,449, and 450, chapter VI. In the 
following sections it will be shown how the identification is to be 
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VI, its boundaries may be shown by giving greater weight to such 
parts of the regular subdivision-of-section lines of the resurvey. In 
every case the outline of all tract segregations is to be shown on the 
first or principal sheet on the normal plan usually employed to show 
other types of private land claims. 

649. On any of the several sheets, as appropriate, an index will 
be supplied to tabulate the description of each tract in terms of the 
original plat. The following index form is acceptable: 

Index to SCgT egated tracU 

Tract Original survey 

No. Entry and status l Tp. Rg. Sec. Subdvn. 
--

39 Buffalo 2979. 58 75 29 ~W~XW~. 
D.E. 58 75 29 R~X\\,~." 
W.l. WUllamJ. 58 75 211 NW~S\\'~. 
Patented. 

--
41 Buffalo 1567. 58 75 20 SE~SW~. 

D.L.E. 58 76 20 W~~E~. 
W. 1. \V 1l11ama. 58 76 29 XE~~W~. 
Pendin&. --

'17 Deslgnated school section. 58 76 36 All. ----
116 Sundance 03186. 68 74 30 Lot 1. 

D.L.E. 58 74 30 Lot 2. 
C. R. Massey. 
Final certUlcate. --

101 Vacant. 58 75 24 l.ot 4. 
--

231 N E3--.SE~. 102 Vacant. 68 75 

650. In some cases there is a demand for the description of a 
tract in terms of its component parts as determined by the original 
survey; in these exceptional cases, and only as deemed to be appro-
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priate, the several parts may be indicated by letters A, B, C, etc.,

with the index modified as follows:

Index to segregated tracts

Tract

Original survey

Component

parts

No.

Entry and status

Tp.

Rg.

Pec.

Pubdvn.

Pub-

tract

Area

42

Buffalo 0833.

68

58

M

SH

75

75

75

20

21

NEJiSEK.

Lot 4.

NWXSWK.

B

A

C

D

40.00

32.00

40.00

H.E.

Thomas R. Williams.

21

21

Pending.

76

4a 00

46

Buffalo 08642.

H.E.

58

68

fs

58

75

75

75

75

24

24

24

24

Lot 3.

A

B

C

D

28.12

40.00

NWJiPWÂ«.

Emmet Cain.

Pending.

KKUSWW.

4a 00

4a oo

SEJiSWjJ.

651. The above method is well adapted to the identification and

subdivision of isolated tracts of public lands where said tracts have

been surveyed by metes and bounds. In these cases the arrangement

of the data carried by the index will be the same, and the status of

the tract will be shown as vacant.

652. If there are one or more conformable claims to be identified

by amended description in terms of the resurvey, without segregation

by metes and bounds, another form of index will be required, as

follows:

Index to conformed entries uiuter modified description

Tnot

Original survey

Resurvey

Entry and status

Tp.

Rg.

8ec.

Subdvn.

Tp.

Rg.

Sec.

Subdvn.

Buffalo 984.

T. AS.

Fred A. Jones.

Pending.

45

45

79

79

79

12

12

13

NEHPEV.

NWWSE&.

45

45

45

79

79

79

12

12

12

SWWPEW.

PEW8WW.

SWHSWH.

45

NEJiSW)J.

Buffalo.

8. 8. List 6.

Approved.

45

79

12

SE^SEJi.

45

79

13

NWJflStE}*.

653. The several forms of index may be combined readily into

one tabulation, if desirable, in which case it should be given a general

title as Index to Segregated Tracts and Appropriated Subdivisions;

the bracket for "component parts" may be filled in only as needed.

Tract segregations will be required where modified descriptions em-

brace subdivisions that are smaller than the regular 40-acre unit.

654. The special requirements for lotting fractional parts of sections

that are invaded by tract segregations are set out in sections 455 and

456, chapter VI, and are illustrated by the diagrams which accompany

the text.
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priate, the several parts may be indicated by letters A, B, C, etc., 
with the index modified as follows: 

I ndex to segregated tracts 

Tract I Oril,!lr:al survey Component 
parts 

No. Entry and stams Tp. I~I F:('c. Flubdvn. F:ub- Area tract 
----

0 nuffaJo~. ~ i6 20 NE!,iSE!,i. B (0.00 
H.E. 5/! i5 21 Lot 4. A 32.00 
Thumas R. Williams. f,,,", i5 21 NWY'~W!,i. C 40.00 
Peuding. ,"JH 76 21 !;W!,i8W~. D 40.00 ------

24 i Lot 3. 
--

4G Buffalo 08M2. 68
1 ifi I A 28.12 

II. E. 

~\ 
i5

1 

241 NW~F:W/f: B 40.00 
Emmet Cain. i5 24 NEY.~"~. C 40.00 
PcudL'lg. 5.'1 i5 24 SE!,iSW~. D 40.00 

651. The above method is well adapted to the identification and 
subdivision of isolated tracts of public lands where said tracts have 
been surveyed by metes and bounds. In these cases the arrangement 
of the data carried by the index will be the same, and the status of 
the tract will be shown as vacant. 

652. If there are one or more conformable claims to be identified 
by amended description in terms of the resurvey, without segregation 
by metes and bounds, another form of index will be required, as 
follows: 

Index to conformed entries IInder modified description 

Tract Original survey I Resurvey 

Entry and status Tp. Rg. Sec. Subdm. Tp. Rg. S('c. Subdvn. 
--- --

ButYaJo 984. (5 70 12 NE~F:E~. 45 iO ]2 sw~~~. T.& B. (5 70 12 NV~~E~. 46 iO 12 FlE~ W • 
Fred A.Iones. 46 iO 12 NE~ Wi,. (6 iO 12 "W~B ~. 
Pending. - ---- ----
Butl810. 45 79 12 8E~SE~. ~ i9 13 NW~NE~. 
B. S. List 6. 
Approved. 

-
653. The severa] forms of index may be combined I'padily into 

one tabulation, if u('sirablc, ill which ease it should be gin'lI a general 
title as Index to Segregated Tracts and Appropriated Subdivisions; 
the bracket for "component parts" may be filled in only as needed. 
Tract segregations will be required where modified descriptions em
brace subdivisions that are smaller than the regular 40-acre unit. 

654. The special requirements for lotting fractional parts of sections 
that are invaded by tract segregations are set out in sections 455 and 
456, chapter VI, and are illustrated by the diagrams which accompany 
the text. 
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Figcei 89.â��Normal tract segregations, with fractional lotting of the adjoining public land. The tract

segregations will be laid out on the plats of resurveys as any private land claim would be shown upon an

original plat.
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655. Occasionally there is a need for denoting the several parts of

a tract in terms of quarter-quarter sections and fractional lots of the

resurvey. This may be accomplished by protraction, showing lot

numbers and areas as determined by the resurvey. The lottings

within the tract should be made to complete the adjoining fractional

quarter-quarter sections of the resurvey. This type of lotting requires

no change in the index.

656. Where a tract is to be subdivided, preference will be given to

the method best suited to the situation: (1) If it is deemed essential

to perpetuate the units of the original survey then the lines of the

original quarter-quarter sections will be shown; but (2) in those cases

of relinquishment or cancellation where it appears probable that any

new entry will be coupled with adjoining lottings by the resurvey

then a lotting within the segregated tract as determined by the section

boundaries of the resurvey should be adopted. It may well be noted

that in the great majority of cases the patent eventually issues in

accordance with the original entiy, and the necessity for the subdivi-

sion of segregated tracts is exceptional. If the circumstances indicate

the necessity for the subdivision of a tract at the time of the prepara-

tion of the resurvey plat, the regional or public survey office will exer-

cise judgment based upon the type of disposal and the purpose to be

served, but where such necessity is not clearly apparent no subdivision

of this nature will be made. A supplemental plat may be prepared at

a later date to meet specific requirements.

657. If there arc overlapping claims as defined in section 445,

sixth paragraph, chapter VI, the conflict will be indicated on the plat

of the resurvey; but no new lot numbers will be assigned nor quantities

shown within the segregated tracts that are involved in the conflict.

(See fig. 90.)

The showing of the component parts will await the construction of

a supplemental plat.

A memorandum will be added to the index as follows: See field notes

for area of any part of a tract in conflict with another tract. The un-

involved public land outside of the segregated tracts will be lotted

regularly as heretofore provided, except that the description of any

subdivision of the original survey embraced in a tract or conformed

entry under modified description will not be repeated on the resurvey

plat; instead it will be assigned an appropriate lot number.

658. No memorandum or other declaration will be inserted or

shown upon a plat of a resurvey that can be construed as an adjudica-

tion of a settlement right, entry, or State selection or right under any

grant as to status nor as an adjudication of a conflict, excepting as

appropriate action on the case may have been taken prior to the date

of the approval of the resurvey plat.
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655. Occasionally there is a need for denoting the several parts of 
a tract in terms of quarter-quarter sections and fractional lots of the 
resurvey. This may be accomplished by protraction, showing lot 
numbers and areas as determined by the resurvey. The lottings 
within the tract should be made to complete the adjoining fractional 
quarter-quarter sections of the resurvey. This type of lotting requires 
no change in the index. 
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the method b('st suited to the situation: (1) If it is deemed essential 
to perpetuate the units of the original survey then the lines of the 
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of relinquishment or cancellation whore it appears probable that any 
new entry will be coupled with adjoini.ng lottin~ by the resurvey 
then a lotting w{thin the segregated tract as determined by the section 
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that in the great majority of cases the patent eventually issues in 
accordance with the original entry, and the necessity for the subdivi
sion of segregated tracts is exceptional. If the circumstances indicate 
the necessity for the subdivision of a tract at the time of the prepara
tion of the resurvey plat, the regionnl or public survey office will ex('r
cise judgment based upon the type of disposal and the purpose to be 
served, but where such necessity is not cleurly apparent no subdivision 
of this nature will be made. A supph'Il1ental plat may be prepared at 
a later date to meet specific requif('m('nts. 

657. If there are overlapping claims as defined in section 445, 
sixth paragraph, chapter VI, the conflict will be indi('ntcd on the plat 
of the resuryey; but no new lot numl)('l's will be assigned nor quantities 
shown within the segregated tracts that are involved in the conflict. 
(See fig. 90.) 

The showing of the c.omponent parts will await the construction of 
a supplemental plat. 

A memorandum will be added to the index as follows: Seefield notes 
for area of any part of a tract in conflict with another tract. The un
involved public land outside of the segregated tracts will be lotted 
regularly as herC'tofore provided, except that the description of any 
subdivision of the original survey embraced in a tract or conformed 
entry under modified description will not be repeated on the resurvey 
plat; instead it will be assigned an appropriate lot number. 

658. No memorandum or other declaration will be inserted or 
shown upon a plat of a resurvey that can be construed as an adjudica
tion of a settlement right, entry, or State selection or right under any 
grant as to 8tat1l8 nor as an adjudication of a conffict, excepting as 
appropriate action on the case may have been taken prior to the date 
of the approval of the resurvey plat. 
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659. The usual technical data in reference to the direction and

lengths of lines will be shown upon the plats of resurveys arranged on

the several sheets as may be appropriate. The fractional distances

along the section lines, the record intersections of the lines of the

resurvey with the lines of claims, and the connections to the angle

points of the tract surveys essential in the computation of the areas

of the public land subdivisions will be shown in such a manner as to

indicate the values employed. The complete topographical repre-

sentation will always be carried by the first or principal sheet. The

section numbers will be carried on all of the sheets. The first or prin-

cipal sheet will carry a memorandum of the total number of sheets

in the series, usually under the subtitle, and will be numbered one

in the upper right corner with the additional sheets numbered con-

secutively.

660. On plats of independent resurveys the lot numbers and areas

within the sections that are invaded by nonconformable tract segrega-

tions will usually be shown on the additional sheets, where such sheets

are required, otherwise the lot numbers and areas will be shown on

the first or principal sheet.

661. On plats of dependent resurveys the areas of the subdivisions

are shown only in those exceptional cases where the differences between

the actual quantity of the vacant subdivisions as found by resurvey

and the former area as returned on the original approved plat are so

great as to warrant revision. In that case the question of a revision

should rest upon the element of quantity rather than upon that of

distortion, and for practical purposes a variation of approximately 2.00

acres to the quarter-quarter section has been found advisable before

making a change. If revision is made new lot numbers will be as-

signed to each vacant subdivision, but no total area within the section

will be shown.

662. The total area shown within each independently resurveyed

section will indicate the sum of the several parts which are to be

identified by exclusive reference to the resurvey plat. In the area

statement to be supplied on the plat of a dependent resurvey, giving

the area resurveyed, the number of acres will be the same as the

total shown on the original plat, except as revised lottings have been

required under the rule stated in section 661, in which case the total

should reflect the proper amount of the increase or decrease. In the

total area statement to be supplied on the plat of an independent

resurvey and on the plat of a dependent resurvey where mineral or

other claims are segregated, the number of acres will be shown in

three parts: (1) Total area of segregations; (2) total area exclusive

of segregations; and (3) total area resurveyed. If a tract overlaps

a township boundary, only the part within the township will be
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442 MANUAL OF SURVEYING INSTRUCTIONS

counted in this total; and if there are conflicts the area in conflict

will be counted once only.

663. The first or principal sheet of the plat of a resurvey will carry

an appropriate memorandum of the authority upon which the resurvey

was made; all of the sheets will show the usual form of certificate

of acceptance.

664. Office instructions for the preparation of a supplemental plat

will be issued subsequent to the adjudication of the rights involved

within a conflict when required to facilitate an amendment of entry

or patent. On the supplemental plat, component parts that are

free of conflict will be protracted and designated as shown on figure

91, and lot numbers will be assigned to the revised component parts

of each adjudicated tract, serially within the sections of the resurvey,

and areas shown, to afford descriptions that are conflict free. In

these cases the supplemental plat will cany a revised index to the

segregated tracts shown and a reference to the preceding plat. In

the index all subdivisions in terms of the original survey will be listed

but no sub-tracts will be assigned to any of them that are reduced

by the elimination of previous conflicts. In the columns of resurvey

descriptions and areas of component parts there will be listed the

appropriate section numbers, lot numbers, and areas of the reduced

tract subdivisions which are conflict free and a footnote will follow

the index referring to each new lot indicating the lot is a portion of

the original subdivision free of conflict.

665. The usual rules of field procedure will be observed in the

protraction of the tract subdivisionsâ��i. e., if by dependent resurvey,

or where adequate control is shown in the record, the original sec-

tions will be subdivided regularlyâ��but if by independent resurvey

and limited control for the tract segregations, the points for all

intermediate sixteenth-section, quarter-section, and section corners

on the original tract boundaries will be determined by proportionate

intervals between the established angle points, and the interior lines

will be drawn to connect corresponding points on the opposite sides

of the tract boundaries, fixing the corners of each component part

by intersections. The areas to be computed will be based upon the

data derived in the resurvey. If additional field work is required

in order to supply data needed in the computations or otherwise,

the regional administrator will request authority to proceed.

666. The following table is a revised index conforming to fig. 91:
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Index to segregated tracts

Tract

Original survey

Component

parts 1

Resurvey

No.

Entry and

status

Tp.

Rg.

Sec.

Subdvn.

Sub-

tract

Area

Tp.

Rg.

Sec.

Subdvn.

3S

Buffalo 010118.

H F

44

44

44

44

44

44

44

44

80

80

80

80

80

80

80

80

1

2

2

2

2

1

2

2

Lot 4.

Lot 1.

Lot 2.

A

B

C

D

E

F

35.16

35.86

30.06

40.00

40.00

40.00

28.81

30.97

Ralph R. Bald-

win.

Pending.

SWWNEK-

SEJiNEJi-

Lot 3.

SEJiNWK-

â� ii

44

SO

SO

3

8

Lot 6.*

Lot 7.*

41

Buffalo 09311.

44

44

44

44

44

44

44

44

80

80

80

80

80

80

80

80

3

3

3

8

8

3

3

3

Lot 1.

Lot 2.

Lot 3.

BEKNWitf.

A

B

C

D

E

F

O

36.66

36.85

37.00

40.00

40.00

40.00

40.00

39.76

H. E.

Uenry J. Brun-

ning.

Pending.

SWKNEJf.

NWJiSEJi.

NEJiSWJi-

SEJiNEJi.

44

80

3

Lot 6.*

43

Buffalo 011734.

H. E.

44

44

44

44

80

80

80

80

3

10

swkswu.

A

B

40.00

NWJ0TWM.

BEKNWH.

40.00

Perry Barnes.

Pending.

10

10

C

40.00

SWJiNWJi.

SEKSWJi-

D

40.00

44

80

3

J 28.32

44

80

80

80

80

80

80

80

3

4

Lot 9.*

Lot 9.'

Lot 10.*

Lot 10.*

Lots.*

Lot 9.*

Lot 8.*

\ 2.94

, 44

( 4.47

44

3

4

44

SO

10

NEKNWJi-

1 0.41

44

1 2.12

44

9

10

10

44

44

80

80

NWUNEW

I 25.37

44

44

10

3

8.42

SWMSEK-

â�¢0.00

44

Buffalo 07532.

H. E.

44

44

44

44

44

44

44

44

80

80

811

80

80

80

80

80

11

11

11

10

2

3

2

3

NWJiNEK-

KEJiNWK-

A

40.00

40. 00

40.00

40.00

27. 51

32.80

38.12

â�¢0.00

Antoine Faure.

Pending.

NwfiNwv.

B

C

D

NEKNEU.

NWJiSWK.

44

44

3

Lot 8.*

Lot 11.*

Lot 12.*

KEKSEJi.

80

80

3

SWJiSWH.

44

3

NE^SEJi.

1 See sec. 650.

â�¢Portion of original subdivision that is free of conflict.

667. A word of caution to the engineers and draftsmen who

are engaged upon the platting of resurveys is needed in order to

guard against a possible misinterpretation of the rules on that subject,

to the effect that it is not expected that the different cases can all

be brought into a similar treatment. The contributing factors to be

dealt with appear in considerable variety, and the methods suited

to those situations which may not be involved in a particular case

should be promptly set aside, so as to avoid the introduction of un-

necessary complications. The normal resurvey may be brought

within a fairly definite, standardized drafting practice, but each

unusual case needs a special analysis with the purpose that the

field office may exercise discretion as to how the detail may be most

suitably platted.
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1 nde3: eo segregated tract. 

Tract Original survey Component Rmlr'vey parts I 

No. Entry and Rg. Sec. 
f Sub- Subdvn. status Tp. Subdvn. 

I tract Area Tp. Rg. Sec. 

-- -------
38 Bu1!alo 010118. « 80 1 Lot 4. A 35. JG ------ ------ ------ --------.. -

H.E. « 80 2 Lot 1. B 35.86 ----.. -----_ .. ------ ----------
Ralfnh R. Bald- « 80 2 Lot 2. C 3r..OG -.. ---- .. ----- ----_ .. -------_ .. -
w. 44 80 2 S"'Y~E~. D 40.00 ---_ .. - ------ ------ ----------Pending. « 80 2 SE~ .. F.~. E 40.00 ------ ------ ------ ----------« 80 1 8"~!';W~. F 

~~:~ I-'-:r---~- -LOt"6:·--« 80 2 Lot 3. ---_ ... _-- 3 
« 80 2 SE~NW~. -------- 3 Lot 7.-
--

41 ButTalo 09311. « 80 3 Lot 1. A 36.C,6 ------ .. _ .. _-- ------ ----------H.E. « 80 3 Lot 2. B 36.85 ------ -- ........ ------ --------_. Henry 1. Brun- « 80 3 Lot 3. C 37.00 .. ----- ------ ..... __ ..... ------.. ---
nln~. 44 80 3 SF.~N'W~. D 40.00 ------ ------ ..... _--- -... --... -.. _--

Pend ng. « 80 3 SW~NE~. E 40.00 ------ ------ ----_ ... .... _--_._--
« 80 3 N'W~SE~. F 40.00 ------ ........ -- --.--- ----------« 80 3 NE~SW~. G 40.00 .... -_ .... ------ ------ .. - --------
44 80 3 SE~NE~. -------- 39. 7G 44 80 3 Lot 6.----- ------

43 Bu1!alo 01lT.H. « 80 3 SW~8W¥~ A 40.00 ------ .... _--- ..... _--- ----------H.E. « 80 10 N"~N . B 40.00 ------ ------ ------ ----------Perret Barnes. « 80 10 t1E~NW~. C 40.00 ------ ------ ..... _--- -- .. -------
Pen Ing. 44 80 10 SW~NW~. D 40.00 .... ---- .. - ......... ---_ .... ----------

« 80 3 BE~SW~. { 2K:l2 44 80 3 Lot 9.· 
-------. !!.94 44 80 4 Lot 9.· 

-------- { 
4.47 44 80 3 Lot 10.-

« 80 10 NEUNW~. 0.41 44 80 4 Lot 10.-
2.12 44 80 9 Lot S.· 

25.37 44 80 10 Lot 9.· 
« 80 10 NW~NE~ -------- 8. 42 44 80 10 Lot 8.· 
« 80 3 SW~SE~. -------- ·0.00 .. -_ ...... ! .. _ ..... _- - ... --- --------- ... ---- ---------

44 Buffalo 07532. « 80 11 NW~E~. A 40.00 ------ ----- .. ------ ----------H.E. 44 SO 11 NE~ W~. 11 4!1.00 ------ ------ ------ -.. --------
Antoine Faure. 44 80 11 NW~NWk C 40. flO .. .. --_ .. ------ ------ ----------Pending. « 80 10 NE~NE~. D 40.W i------ ------ ------ ------.---

44 80 2 NW~SW~. --------« 80 3 RF.~~E~ -----_ .. - :; ii, I :: I:g l t:: :t· 
44 

I 
80 2 SW~SW ~. -------- ~Z:~ ___ ~~_I---~- -.--~- -~~!:~:-44 80 3 NE~SE~. --------

I Bee sec. 6liO. 
-Portion of original subdivision that Is free of conflict. 
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SUBTITLES

668. Plats will generally be given the usual title by township,

range, meridian, and State, and if appropriate a subtitle modeled

after one of the following forms:

(1) Supplemental Plat (7) Survey of Accretion Lands

(2) Four Islands in Burntside Lake (8) Segregation Survey

(3) Extension Survey (9) Subdivision of Sections

(4) Dependent Resurvey (10) Metes and Bounds Survey

(5) Independent Resurvey (11) Survey of the Moore Coal Mine

(6) Survey of Omitted Lands (12) Protraction Survey

Only the main purpose of the plat will be included in the subtitle.

The detail will be carried in the memorandum.
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MINERAL SURVEYS
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DISTINGUISHING FEATURES OF THE

MINERAL SURVEY

669. There is set out in this chapter matters relating to the field

and office procedure to be observed in the execution of mineral surveys,

and the filing of the returns. These surveys are made to mark the

legal boundaries of mineral deposits or ore bearing formations on the

public domain, where the boundaries are to be determined by lines

other than the normal subdivision of the public lands. The right of

the mineral claimant to appropriate and develop the mineral values,

and to proceed to patent varies. Appropriate citations will be found

in the next section.

Mineral surveys are required most frequently where the deposits

occur in ore-bearing rock veins, known as mineral lodes, where the

prospector who has made a legal discovery is permitted to stake out

a claim of specified dimensions, develop the same to his exclusive use,

and, if desired in the protection of his right, may apply for a mineral

survey and obtain a patent.

All other forms of mineral deposits are known as placers and usually

do not require a mineral survey as they are conformed to the public

survey unless they are located on unsurveyed land or the configuration

of the mineral deposit is such as to make conformation impracticable.

Consequently, the survey procedures hereinafter outlined apply

especially to lode claims although they will be followed generally in

executing appropriate surveys of placer claims.
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Millsites embracing land occupied for milling purposes or used in

any manner incidental to mining operations may be located, surveyed

and patented in a manner similar to lode claims.

The early discoveries of free gold were made far in advance of settle-

ment, mainly in the stream beds of the western territories that in-

cluded the Black Hills, the Kocky Mountains, and the Pacific Slope.

Mineral deposits in these regions were appropriated and their values

extracted under varied local camp or mining district rules with the

tacit approval but without any regulations by the Federal govern-

ment. Finally, with the spread and development of the mining

industry, Congress adopted legislation not only recognizing the posses-

sory right of citizens of the United States to minerals on public lands

(R. S. sec. 910; 28 U. S. C. sec. 690), but also providing for-their

disposition. (R. S. sees. 2319-2344; 30 U. S. C. sees. 22-24, 26-30,

33-47, 51, 52). Present procedures are derived from this basic

legislation.

670. The Act of March 3, 1925 (43 Stat. 1144; 43 U. S. C. sec. 51;

Manual, Appendix I), necessitated a detailed revision of the regula-

tions governing the administration of mineral surveys, but the field

surveying operations remained fixed. A full statement of the admin-

istrative control of the general public land surveys, with citations of

the authorities, is contained in chapter I, and in sections 9 and 10

there is reference to the several regional and public survey offices.

Citations which refer specifically to the making of mineral surveys

will be found in section 669 and in the following sections, where closely

related to the subject matter.

Administrative details such as those relating to the appointment

and bonding of mineral surveyors, suspension or revocation of their

appointments, payment for their services, employment of their assist-

ants, and the cost of office work to mineral claimants, including

refund of unearned deposits, are matters of internal office procedures,

and accordingly are governed by current office regulations. Certain

rules for these administrative procedures are the subject of instruc-

tions, contained in the Code of Federal Regulations, Title 43, Chapter

I, Subchapter L, Mineral Lands, Part 185.

The procedures for locating, maintaining and obtaining patent to

mining claims for minerals that are subject to such appropriation,

which are found on the public domain, and information regarding the

acquisition of mineral deposits of the classes which are subject to

disposal under the mineral leasing acts, are likewise the subject of

specific instructions, contained in the Code of Federal Regulations,

Title 43, Chapter I, Subchapter L, Mineral Lands.

669
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REQUIREMENTS OF FIELD WORK

671. The term "survey" as here employed includes the usual

technical procedure, and also all examinations required for the prep-

aration of the affidavits of the value of expenditures for development

purposes, descriptive reports on placer claims, and any other reports

to be made by the mineral surveyor.

672. In every case the survey made and reported is to be an actual

survey on the ground in full detail, made by the mineral surveyor in

person after the receipt of the order, and without reference to any

knowledge he may have previously acquired by reason of having

made the location survey or otherwise, and the record will show the

actual facts existing at the time. This precludes a calculation of the

connections to corners of the public survey and to location monu-

ments, or of any other lines of the survey, through prior surveys,

unless it is satisfactory shown in his report that he has retraced such

lines and found them to be correct. Vela Grande Lode, 6 L. D. 718

(1888); Lincoln Placer, 7 L. D. 81 (1888).

673. The survey of a mining claim may include several contiguous

locations owned in common, but in conformity with statutory require-

ments such survey record will distinguish the several locations and

exhibit the boundaries of each. S. F. Mackie, 5 L. D. 199 (188G),

Golden Sun Mining Co., 6 L. D. 808 (1888); Argillite Stone Co., 29

L. D. 585 (1900).

674. All lengths of lines are to be returned as their true horizontal

equivalents in the foot unit, as determined by the general methods of

measurement prescribed in sections 16, 17, 35, 36, and 37, chapter II.

The high degree of accuracy required in the making of mineral surveys

calls for careful steel-tape measurements; and if needed in order to

secure acceptable results, a spring balance should be used and tem-

perature corrections applied.

675. All mineral surveys are to be made with an instrument by

which the meridian may be determined independently of the magnetic-

needle, and the directions of all lines are to be referred to the true

meridian. An engineer's transit with or without a solar attachment

may be employed and any method described in chapter II may be

used. The true course of at least one line of each survey is to be

ascertained at the time of the survey by observation either upon the

sun or Polaris or any bright star in the equatorial belt by one of the

methods given in sections 84 to 123, inclusive, chapter II, with

proper verification of the time and latitude; the methods so employed

and the results will be recorded in the field notes of the survey.

Specimen field notes: Manual Appendix X.
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676. The magnetic decimation is to be noted at each corner of

the survey; if it is the same at the several corners one statement to

this effect, and the value of the declination will be given in the field

notes. The declination will be noted and recorded at each corner

of the survey where differences are found.

677. The survey will be made in strict conformity with, or be

embraced within, the lines of the location upon which the order is

based. If the survey and location are identical that fact will be

clearly stated in the field notes. If not identical, a bearing and dis-

tance will be given in the field notes from each established corner of

the survey to the corresponding corner of the location. The lines

of the location as found upon the ground will be laid down upon the

preliminary plat only in such manner as to contrast and show their

relation to the lines of survey. Philip Dephanger, 1 L. D. 581 (1882).

678. The survey will be given but one number. A location under

the mining laws can legally be made only of a tract or piece of land

embraced within one set of boundary lines; and two or more tracts

merely cornering with each other can not legally be embraced in a

single location. Gomeira Placer Claim, 33 L. D. 560 (1905); Hidden

Treasure Mine, 35 L. D. 485 (1907). But an owner of several claims

who has received patent for certain contiguous claims in the group may

apply for patent to the remainder in one application, even though

they are not contiguous to each other, if each is contiguous to the body

of land embraced in the patented claims. Wagner Assets Realization

Corp., 53 I. D. 614 (1932).

679. In accordance with the principle that courses and distances

must give way when in conflict with fixed objects and monuments,

the mineral surveyor will not under any circumstances change the

corners of the location for the purpose of making them conform to the

description in the record. If the difference from the location certifi-

cate is slight, it may be explained in the field notes, as indicated in

the specimen field notes.

680. Revised Statutes, sec. 2324 (30 U. S. C. sec. 28), expressly

provides that "the location must be distinctly marked upon the

ground so that its boundaries can be readily traced," and "that all

records of mining claims made after May 10, 1872, shall contain the

name or names of the locators, the date of the location, and such a

description of the claim or claims located, by reference to some

natural object or permanent monument, as will identify the claim."

Each location certificate should give the name of the location.

681. A single discovery working can not support more than one

location, Poplar Creek Mine, 16 L. D. 1 (1893), unless the vein or

lode can be traced on outcroppings on contiguous claims.

682. These provisions of law must be strictly complied with in
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each case to entitle the claimant to a survey and patent, and should

a claimant under a location made subsequent to May 10, 1872, who

has not complied with said requirements in regard to marking the

location upon the ground and recording the location certificate, apply

for a survey, the mineral surveyor will decline to make it prior to

reporting the facts to the regional or public survey office and receiving

further instructions. Philip Dephanger, 1 L. D. 581 (1882).

683. If after having obtained an order for survey the applicant

should find that the record of location does not practically describe

the location as staked upon the ground, he should file a certified copy

of an amended location certificate, correctly describing the claim,

and obtain an amended order for survey. In fact any change in the

original order including the addition or dropping of locations or

designation of a different surveyor calls for an amended order.

684. Should the survey be applied for under a location made prior

to May 10, 1872 (see K. S. sees. 2319-2328, 2331), the mineral surveyor

will be governed by the special instructions accompanying the order

for survey.

LODE LINES AND END LINES

685. No lode claim located subsequent to May 10, 1872, should

exceed the statutory limit of 300 ft. in width on each side of the center

of the vein, or 1,500 ft. in length. All surveys must close within 0.50 ft.

in 1,000 ft., and the error must not be such as to make the claim

exceed the statutory limit. In the absence of proof to the contrary,

the discovery point is held to be the center of the vein on the surface.

The course and length of the lode line or presumed course of the vein

should be marked upon the plat and specifically described in the

field notes. The record of the intersections of the end lines with the

lode line will be given in the field notes from the lowest numbered

corner on each end line running toward the next higher numbered

corner. Where conditions permit, the distances will be shown on

the plat.

686. It was held in Beliggerent and Other Claims, 35 L. D. 22

(1906), (syllabus), thatâ��

There is no warrant in the mining laws for extending, arbitrarily and without

any basis of fact therefor, the vein or lode line of a location in an irregular and

zigzag manner for the purpose of controlling the length or situation of the exterior

lines of the location to suit the convenience, real or imagined, of the locator.

The end lines of a lode location must be straight and parallel to each other

and when at right angles with the side lines may not exceed 600 feet in length.

The mining laws contemplate that the end lines of a lode claim shall have

substantial existence in fact, and in length shall reasonably comport with the

width of the claim as located.
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METHOD AND ORDER OF PROCEDURE

687. The fixation of the position of the official survey upon the

ground will be ascertained by connecting it by course and distance

either to a corner of the public survey, preferably the nearest, or to a

location monument, but in any event the connecting line will not

exceed a length of two miles. If both a corner of the public survey

and a location monument are within the limiting distance, the con-

nection should, if practicable, be made to the public survey corner.

Each location of a survey embracing two or more locations will be so

connected.

688. As a matter of convenience in the preparation of subsequent

metes and bounds descriptions it is preferable that the corner of each

location from which the connection is made should be established as

corner No. 1.

689. The two preceding sections are intended to permit the sur-

veyor to obtain connections in a practicable manner based upon

existing field conditions. Any unusual conditions that may be en-

countered in obtaining connections should be explained in the field

notes.

690. When a mining claim is situated within the limits of a town-

ship the survey of which is in good standing, but where no corner of

the survey can be found within 2 miles of the claim, after diligent

search, connection may be made with a location monument, which in

turn will be connected with an established public survey comer.

691. From corner No. 1 the successive boundaries of each location

will be run in regular manner, numbering the remaining corners in

consecutive order.

692. A lode and a mill site embraced in one survey will be distin-

guished by the letters A and B, respectively, following the number of

the survey. The corners of the mill site will be numbered independ-

ently of those of the lode. A corner of the mill site, preferably corner

No. 1, will be connected with a corner of the public survey or location

monument, and a corner of the mill site with a corner of the lode

claim.

693. When a placer claim includes lodes, or when several contiguous

placer or lode locations are included as one claim in one survey, the

corners of each location will be given a separate consecutive numerical

designation, beginning with corner No. 1 in each case. In the former

case, describe the placer claim first in the field notes.
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CONFLICTS

694. When the exterior lines of a claim conflict with the survey of

another claim, the distances to the points of intersection and the

courses and distances along the line intersected from an established

corner of such conflicting claim to such points of intersection should

be reported in the field notes: Provided, That where a corner of the

conflicting survey falls within the claim being surveyed, this corner

should be selected from which to give the tie. When the same line

of a conflict is intersected by two lines of the survey, the tie will be

given from the same corner of the conflicting survey at both intersec-

tions.

695. When the lines of two locations of the survey intersect, only

the point of intersection will be given on the line being described.

696. Conflicts with unsurveyed locations will not be reported unless

excluded from the area claimed.

697. Surveyed claims owned by the applicant, in conflict with or

contiguous to the survey, will be reported in the field notes.

698. A connecting line should be run from some corner of the survey

to a corner of each conflicting survey, also to a corner of each conflict-

ing unsurveyed location that is to be excluded.

699. Connection will also be given to any survey, the record position

of which is within 100 feet of the lines of the survey being executed;

also to any other neighboring survey, the location of which is not

definitely fixed by the record. Such connections will be made and

conflicts shown according to the boundaries of the neighboring or

conflicting claims as each is marked, defined, and actually established

upon the ground. The field notes will fully and specifically state how

and by what visible evidence the several conflicting surveys were

identified on the ground, as well as those which appear to conflict,

according to their returned tie or boundary lines, and report all

material errors or discrepancies found in such surveys. In the survey

of a group of contiguous claims where any corners are common to two

or more claims of the group, bearings should be mentioned but once

and the corner described as a common corner in the claim first men-

tioned in the field notes.

LOCATION MONUMENTS

700. When a survey is situated in a district where there are no

corners of the public survey and no other monuments within 2 miles,

a location monument will be established. The site, when practicable,

should be some prominent point, giving good visibility from every

direction, and the site should be so chosen that the permanency of the
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monument will not be endangered by snow, rock, or land movements

or other natural causes. Its position with reference to latitude and

longitude should be recorded as accurately as the known data and the

instruments used will afford.

701. The monument should consist of a stone not less than 30 inches

long, 20 inches wide, and 6 inches thick, set two-thirds in the ground

with a conical mound of stone 4 feet high and 6 feet base alongside.

The letters "U S L M" followed by the number of the survey in con-

nection with which it is established will be plainly chiseled upon the

stone. The exact reference point will be indicated on the monument

by a cross (X) chiseled on the top. Any necessary departure from

the prescribed material and size of monument is to be explained.

702. From the monument the precise course and distance will be

taken to two or more bearing trees or rocks, and to any well-known

and permanent objects in the visinity, such as buildings, shafts, mouths

of adits, prominent rocks, or the confluence of streams. Bearing

trees will be properly scribed "B T" and the bearing rocks chiseled

"B O" together with the number of the location monument; the exact

point on the tree or stone to which connection is made to be indicated

by a cross or other unmistakable mark. Bearings should also be

taken to prominent mountain peaks or other land marks, and the

approximate distance and direction ascertained to the nearest town

or mining camp. A detailed description of the location monument,

with a topographic map of its location, will be furnished.

CORNER MONUMENTS

703. Corner monuments may consist of the following material,

given in the order of preference:

(A) Tubular iron posts with flaring base, cement core, and brass

cap for marking with steel dies, of the type adopted for public land

surveys;

(B) A stone at least 24 inches long, 6 inches wide, and 4 inches

thick, set 16 inches in the ground, with a conical mound of stone,

IK feet high, 2 feet base, alongside; or,

(C) A rock in place.

If none of the foregoing material is available, a concrete post, 24

inches long, 6 inches square, set 16 inches in the ground, or durable

wooden post at least 3 feet long by 4 inches square, set 24 inches in

the ground, and surrounded by a substantial mound of stone or earth,

may be used. Should it become necessary to vary from these instruc-

tions, the returns will contain a full statement of the reason therefor.

704. All corners will be established in a permanent and work-

manlike manner, and the distinguishing initial letter or letters,
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corner, and survey numbers will be neatly chiseled or scribed on the

side facing the claim. The precise corner point will be permanently

indicated on the monument. When a rock in place is used, its di-

mensions above ground will be stated, and a cross chiseled at the exact

corner point. Corners common to two or more locations will bear

the initial letter and corner number of each location.

705. In case the point for the corner is inaccessible or unsuitable, a

witness corner will be established, which will bear the letters "W C"

in addition to the regular markings. When practicable the witness

corner should be located upon a lino of the survey and as near as possi-

ble to the true corner point, with which it must be connected by course

and distance. The reason for the establishment of a witness corner

will be stated in the field notes.

706. The position of all corners should be recorded by course and

distance to bearing trees, rocks, and other permanent objects, as

prescribed in the establishment of location monuments, and when no

objects are available the field notes should so state. In the latter

event a memorial, if practicable, should be deposited with the corner

and described in the field notes.

TOPOGRAPHY

707. Note carefully all topographic features of the claim, taking

distances on the lines to intersections with all streams, gulches, ditches,

ravines, mountain ridges, roads, trails, etc., with their widths, courses,

and other data that may be required for mapping purposes. If the

claim is situated within a town site, all important municipal improve-

ments, and the street and block system, within the claim, will be

located for mapping purposes.

FIELD NOTES

708. Field notes and other reports must be typewritten in black-

record ink, and upon the proper blanks, which will be furnished with

the order for survey or upon application. No interlineations or

erasures are permissible, and no abbreviations or symbols may be

used excepting those shown in section 550, chapter VII, and as em-

ployed in the specimen field notes, appendix, page 575.

709. The mineral surveyor will prepare and file a preliminary plat

on tracing cloth, drawn on a scale of 200 feet to an inch, if practicable,

in conformity with the specimen plat (insert No. 2), the lines of the

claim surveyed being shown heavier in contrast with conflicting claims.

A copy of such calculations of areas as are made by double meridian

distances and of all triangulations or traverse lines will also be

furnished.
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710. In order that the results of the survey may be reported in a

uniform manner, the field notes and preliminary plat will be prepared

in strict conformity with the specimen field notes and plat, which are

made part of these instructions. They are designed to furnish all

needed information concerning the manner of describing the boun-

daries, corners, lode lines, connections, intersections, conflicts, and

improvements, and of stating the magnetic declination, area, location,

and other data connected with the survey of mineral claims, and to

prescribe certain forms of certificates for the surveyor, and for listing

his assistants.

711. Throughout the description of the survey, after each reference

to the lines or corners of a location, give the name thereof, and if

unsurveyed state the fact. If reference is made to a location included

in a prior official survey, the survey number will be given, followed by

the name of the location.

712. The total area of each location in a group embraced by its

exterior boundaries, and also the area in conflict with each intersecting

survey or claim, should be stated. When locations of the survey

conflict with each other, such conflicts should be stated only in connec-

tion with the location from which the conflicting area is excluded.

713. The field notes and plat of survey should not show exclusions,

or attempt to specify the net area of the claim. These are matters for

the applicant to state in connection with his application for patent, and

the notices posted and published. The field notes should merely show

the total and net areas of conflict, so that any exclusion desired may be

made readily.

714. The field notes should state specifically whether the claim is

upon surveyed or unsurveyed public lands, giving in the former case

the quarter section, township, and range in which it is located, and in

the latter the township and range as nearly as can be determined by

the information at hand. When upon surveyed lands, the section

boundaries should be indicated by full lines and quarter sections by

broken lines.

715. The title-page should contain the post-office address of the

claimant or his authorized agent.

IMPROVEMENTS

716. In R. S. sec. 2325 (30 U. S. C. sec. 29), it is directed that at

least $500 shall be expended upon a mineral claim as a prerequisite

to patent.

717. In preparing the certificate of the value of the improvements,

the form shown in the specimen field notes will be followed.

718. Only actual expenditures and mining improvements made by
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the claimant or his grantors, having a direct relation to the develop-

ment of the claim, are to be included in the estimate. Labor or

improvements, within the meaning of the statute, are deemed to have

been had on a mining claim, whether it consists of one location or

several, when the labor is performed or the improvements are made for

its developmentâ��that is, to facilitate the extraction of the metals it

may contain. Emily Lode, 6 L. D. 220 (1887).

719. The expenditures required may be made on the surface or in

running a tunnel, drifts, or crosscuts for the development of the claim.

Improvements of any other character, such as buildings, machinery, or

roadways, will be excluded from the estimate unless it is clearly shown

that they are associated with actual excavations, such as cuts, tunnels,

and shafts, and are essential to the practical development and to

actually facilitate the extraction of mineral. Mills for ore treatment,

or roadways, tramways, or trails built for transporting the extracted

ore from the mine, are not to be included.

720. All mining and other improvements on the claim will be located

by course and distance from corners of the survey, or from points on

the indicated lode line, specifying with particularity the dimensions

and character of each. The improvements upon each location

should be numbered consecutively, the point of discovery always being

No. 1. Improvements made by a former locator who has abandoned

his claim are not to be included in the estimate, but should be described

by separate statement in the field notes and shown on the plat.

721. The field notes will show in detail the value of each mining

improvement included in the estimate of expenditures, and when

a tunnel or other improvement has been made for the development

of other claims in connection with the one for which survey is made,

the name, ownership, and survey number, if any, of each claim to be

credited, and the value of the interest credited to each will be stated.

722. When a lode and mill site are included in the same survey, an

expenditure of $500 at the time of application for patent is required

upon the lode claim only.

723. When a survey embraces several locations held in common,

constituting one entire claim whether lode or placer, an expenditure

of $500 at the time of application for patent for each location embraced

in the group will be required.

724. It is held in James Carreto, 35 L. D. 361 (1907), (syllabus),

thatâ��

Where several contiguous mining claims are held in common and expenditures

are made upon an improvement intended to aid in the common development

of all of the claims so held, and which is of such character as to redound to the

benefit of all, such improvement is properly called a common improvement.

Each of a group of contiguous mining claims held in common and developed

by a common improvement has an equal, undivided interest in such improve-
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ment, which is to be determined by a calculation based upon the number of claims

in the group and the value of the common improvement.

There is no authority in law for an unequal assignment of credits out of the cost

of an improvement made for the common benefit of a number of mining claims, or

the apportionment of a physical segment of an improvement of that character to

any particular claim or claims of the number, such an arbitrary judgment of credits

as the exigencies of the case may seem to require being utterly at variance with

the essential idea inherent in the term "a common improvement."

In any patent proceedings where a part of a group of mining claims is applied for

and reliance is had upon a common improvement, the land department should

be fully advised as to the total number of claims embraced in the group, as to

their ownership, and as to their relative situations, properly delineated upon an

authenticated map or diagram. Such information should always be furnished in

connection with the first proceeding involving an application of credit from the

common improvement, and should be referred to and properly supplemented in

each subsequent patent application in which a like credit is sought to be applied.

725. It is also held in Aldebran Mining Co., 36 L. D. 551 (1908),

(syllabus), thatâ��

A common improvement or system, offered for patent purposes, although of

sufficient aggregate value and of the prerequisite benefit to all the mining claims

of a group, can not be accepted as it then stands in full satisfaction of the statutory

requirement as to such of the claims the location of which it preceded, the law

requiring that an expenditure of at least $500 shall succeed the location of every

claim.

If the requisite benefit to the group is shown, or to the extent of such of the

claims as are so benefited, and the elements of contiguity and common interest in

the claims concerned appear; if the improvement represents a total value sufficient

for patent purposes for the number of claims so involved; if for each claim located

after the partial construction of the improvement the latter has been subsequently

extended so as to represent an added value of not less than $500, each is entitled

under the law to a share of the value of the common improvement in its entirety, no

claim receiving more or less than another from that source, participating therein

without distinction or difference, and as to each the statutory requirement

is satisfied.

726. The explanatory statement in such cases should be given in

the field notes or affidavit at the conclusion of the description of the

improvements included in the estimate of expenditure, and should be

as full and explicit as the facts in the case warrant, dealing only

with improvements, conditions, and circumstances as they actually

existed at the time of survey or subsequent field examination.

727. If the value of the labor and improvements upon a mineral

claim is less than $500 at the time of survey, authority is given to file

thereafter supplemental proof showing $500 expenditure made prior

to the expiration of the period of publication. The information on

which to base this proof must be derived by the mineral surveyor, who

makes the actual survey, from a careful examination upon the premises.

728. Only improvements made by the claimant or his grantors

subsequent to the location of the claim are available under the statutes
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for patent expenditure. The regional or public survey office certifies

to this fact according to the record and as the certificate is based on

the report of the mineral surveyor, the latter should exercise special

care to see that such improvements only are reported.

DESCRIPTIVE REPORTS ON PLACER CLAIMS

729. Revised Statutes, sec. 2331 (30 U. S. C, sec. 35) provides

that all placer-mining claims located after May 10, 1872, shall con-

form as nearly as practicable with the United States system of public

land surveys and the rectangular subdivision of such surveys, and

such locations shall not include more than 20 acres for each individual

claimant (43 CFR 185.24, 185.28).

The mineral surveyor is required to make a full examination of all

placer claims at the time of survey (43 CFR 185.73) and to file with

his field notes a descriptive report, under oath, duly corroborated by

one or more disinterested persons and covering the following items:

(a) The quality and composition of the soil, and the kind and amount

of timber and other vegetation;

(b) The location and size of streams, aud such other matter as may

appear upon the surface of the claims;

(c) The character, extent, and position of all surface and under-

ground workings for mining purposes;

(d) The proximity of centers of trade or residence;

(e) The proximity of well-known systems of lode deposits or of

individual lodes;

(f) The use or adaptability of the claim for placer mining, including

the availability of water in sufficient quantity for practical operations;

(g) Works or expenditures made by the claimant or his grantors

for the development of the claim; and,

(h) The true position of all known mines, salt licks, salt springs,

and mill sites. When none is known to exist on the claim, the fact

will be so stated.

AMENDED SURVEYS

730. Amended surveys are ordered only by the Director, Bureau of

Land Management. The conditions and circumstances peculiar to

each separate case and the object sought by the required amendment

are set forth in the authorization from that office, and alone govern

all special matters relative to the manner of making such surveys and

the form and subject matter to be embraced in the field notes.

731. The amended surveys are to be made in strict conformity

with, or be embraced within, the lines of the original survey. If

any portion of the amended and original surveys are identical, that

700004'â��47 80
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fact will be distinctly stated in the field notes. If not identical, the

bearing and distance are to be given from each established corner of

the amended survey to the corresponding corner of the original

survey. The fines of the original survey, as found upon the ground,

are to be laid down upon the preliminary plat in such manner as to

contrast and show their relation to the lines of the amended survey.

732. The field notes of the amended survey are to be prepared on

the same size and form of blanks as are required for the field notes of

the original survey, and the abbreviation "Am." will be used after

the survey number wherever it occurs.

PLATS

733. Chapter IX is devoted to the subject of plat making and in

so far as applicable will be followed. In addition, the following

instructions relating especially to mineral plats will be observed.

The returns of the survey when filed in the regional or public survey

office will be carefully examined and compared with the records to

determine that all conflicts with prior approved surveys are correctly

shown, that all connecting fines given are in harmony with the record,

that all material errors found in prior surveys are fully reported, and

that the calculations of intersections and of conflicting areas are cor-

rect. The final plat will be drawn on a scale of 200 feet to an inch

when practicable. See Specimen Mineral Plat, Insert No. 2.

The scale should be large enough to illustrate clearly the field notes,

showing the improvements, conflicts, and physical features described

therein, together with all courses and distances of intersecting lines

and connecting lines, where space will permit. Any topographic

features described in the field notes tending to confuse or obscure

the plat may be omitted, but as the copy of the plat posted on the

claim is a notice to the public of the ground applied for, all wagon

roads, streams, and other objects that may aid in locating the surveyed

ground should be shown.

In case the entire survey cannot be shown on one sheet on a scale

large enough to be clear, two or more sheets may be used and numbered

consecutively, each sheet bearing the inscription, "Survey No. ,

Sheet No. ." The last sheet will carry the certificate of approval,

with the extra sheets of the same width and not longer than the last

sheet. Although a form plat showing protractor and marginal lines

is available, its use is optional with the public purvey office.

734. The approval of a mineral survey is final, no acceptance being

required as in the case of the public land subdivisional surveys. When

approved, the plat will be reproduced and the returns of the survey

will be distributed in accordance with existing regulations.
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In case the entire survey cannot be shown on one sheet on a scale 
large enough to be clear, two or more sheets may be used and numbered 
consecutively, each sheet bearing the inscription, "Survey No. --, 
Sheet No. --." The last sheet will carry the certificate of approval, 
with the extra sheets of the same width and not longer than the last 
sheet. Alt.hough a form plat showing protractor and marginal lines 
is available, its use is optional with the public &urvey office. 

734. The approval of a mineral survey is final, no acceptance being 
required as in the case of the public land subdivisional surveys. When 
approved, the plat will be reproduced and the returns of the survey 
will be distributed in accordance with existing regulations. 
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The Manual Appendix contains continuations or elaborations of

the subject matter where editorially desirable to make the separations

from the principal textual material. It is arranged by the identical

chapter and section numbers.

Chap. Sec. Page

I. 6 The early laws and citation of authorities 4G0

II. 15 The chain, arpent, and vara units of measurement 464

31 Stadia test, wire ratio, 1-.100 467

40 The magnetic compass 468

41 The transit adjustments 469

61 The star magnitudes, and the planets 475

62 Conversion from right ascension to mean time 476

66 Hour angles of Polaris, diagrams 476

78 Developments of the solar unit 477

79 Adjustments of the solar unit 478

82 Repairs and reconditioning of the solar transit 492

108 Examples of observation, sun south declination 493

133 Computation of geographic position, example 497

III. 216 Diagrams, completion of partially surveyed sections 500

V. 376 Half-mile posts, Alabama and Florida 512

VI. 427 Computations, converting from retracement data to true line

courses and distances 514

VII. 472 Special surveys, Alaska 518

472 Forest homestead surveys 519

Exchange surveys 519

538 Soil studies 519

VIII. 560 Specimen field notes, township surveys:

Standard parallel 526

Guide meridian 532

Township boundary lines 537

Subdivisional and meander lines 541

427 Dependent resurvey 564

X. 708 Specimen field notes, mineral-patent and mill-site surveys 575

IX. 567 No. 1: Specimen township plat (folded map)... Pocket, back cover

X. 734 No. 2: Specimen plat, mineral-patent survey and mill-site

(folded map) Pocket, back cover
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Appendix I

EARLY LAWS AND CITATION OF AUTHORITIES

6. The rectangular system of survey of the public lands was inaugurated by a

committee appointed by the Continental Congress. On the 7th of May 1784,

this committee reported "An ordinance for ascertaining the mode of locating and

disposing of lands in the western territory, and for other purposes therein men-

tioned." The ordinance as finally passed on the 20th of May 1785, provided for

townships 6 miles square, containing 36 sections of 1 mile square. The first

public surveys were made under this ordinance. The townships 6 miles square,

were laid out in ranges extending northward from the Ohio River, the townships

being numbered from south to north, and the ranges from east to west. The

region embraced by the surveys under this law forms a part of the State of Ohio.

In these initial surveys only the exterior lines of the townships were surveyed,

but the plats were marked by subdivisions into sections of 1 mile square, and mile

corners were established on the township lines. The sections were numbered

from 1 to 36, and the surveys were made under the direction of the geographer

of the United States.

The Act of May 18, 1796 (1 Stat. 464), provided for the appointment of a sur-

veyor general and directed the survey of the lands northwest of the Ohio River

and above the mouth of the Kentucky River, "in which the titles of the Indian

tribes have been extinguished." Under this law it was provided that" the sections

shall be numbered, respectively, beginning with the number one in the northeast

section and proceeding west and east alternately through the township, with

progressive numbers till the thirty-sixth be completed." This method of number-

ing sections is still in use.

The Act of May 10, 1800 (2 Stat. 73), required the "townships west of the

Muskingum, which * * * are directed to be sold in quarter townships,

to be subdivided into half sections of three hundred and twenty acres each, as

nearly as may be, by running parallel lines through the same from east to west

and from south to north at the distance of one mile from each other, and marking

corners at the distance of each half mile on the lines running from east to west

and at the distance of each mile on those running from south to north. * * *

And the interior lines of townships intersected by the Muskingum, and of all the

townships lying east of that river, which have not been heretofore actually sub-

divided into sections shall also be run and marked. * * * And in all cases

where the exterior lines of the townships thus to be subdivided into sections or

half sections shall exceed, or shall not extend, six miles, the excess or deficiency

shall be specially noted and added to or deducted from the western and northern

ranges of sections or half sections in such townships, according as the error may be

in running the lines from east to west or from south to north."

The Act of February 11, 1805 (2 Stat. 313), directed the subdivision of the

public lands into quarter sections and provided that all the corners marked

in the public surveys shall be established as the proper corners of sections, or

subdivisions of sections, which they were intended to designate, and that corners
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EARLY LAWS AND CITATIONS OF AUTHORITIES 461

of half and quarter sections not marked shall be placed as nearly as possible

"equidistant from those two corners which stand on the same line." This act

further provides that "The boundary lines actually run and marked * * *

shall be established as the proper boundary lines of the sections or subdivisions

for which they were intended; and the length of such lines as returned by * * *

the surveyors * * * shall be held and considered as the true length thereof

and the boundary lines which shall not have been actually run and marked as

aforesaid shall be ascertained by running straight lines from the established

corners to the opposite corresponding corners; but in those portions of the frac-

tional townships where no such opposite or corresponding corners have been or

can be fixed, the said boundary lines shall be ascertained by running from the

established corners due north and south or east and west lines, as the case may

be, to the * * * external boundary of such fractional township."

The Act of April 25, 1812 (2 Stat. 716), provided "That there shall be established

in the Department of the Treasury an office to be denominated the General

Land Office, the chief officer of which shall be called the Commissioner of the

General Land Office, whose duty it shall be, under the direction of the head of

the department, to superintend, execute, and perform all such acts and things

touching or respecting the public lands of the United States, and other lands

patented or granted by the United States, as have heretofore been directed by

law to be done or performed in the office of the Secretary of State, of the Secre-

tary and Register of the Treasury, and of the Secretary of War, or which shall

hereafter by law be assigned to the said office."

The Act of April 24, 1820 (3 Stat. 566), provided for the sale of public lands

in half-quarter sections, and requires that "in every case of the division of a

quarter section the line for the division thereof shall run north and south * * *

and fractional sections, containing one hundred and sixty acres and upward,

shall, in like manner, as nearly as practicable, be subdivided into half-quarter

sections, under such rules and regulations as may be prescribed by the Secretary

of the Treasury; but fractional sections containing less than one hundred and

sixty acres shall not be divided."

The Act of May 29, 1830 (4 Stat. 417; It. S. sees. 2412, 2413), provided for

the fine and imprisonment of any person obstructing the survey of the public

lands, and for the protection of surveyors, in the discharge of their official duties,

by the United States marshal, with sufficient force, whenever necessary.

The Act of April 5, 1832 (4 Stat. 503), directed the subdivision of the public

lands into quarter quarters; that in every case of the division of a half-quarter

section the dividing line should run east and west; and that fractional sections

should be subdivided under rules and regulations prescribed by the Secretary

of the Treasury. Under the latter provision the Secretary directed that frac-

tional sections containing less than 160 acres, or the residuary portion of a frac-

tional section, after the subdivision into as many quarter-quarter sections as

it is susceptible of, may be subdivided into lots, each containing the quantity

of a quarter-quarter section as nearly as practicable, by so laying down the

line of subdivision that they shall be 20 chains wide, which distances are to be

marked on the plat of subdivision, as are also the areas of the quarter quarters

and residuary fractions.

Both the Act of April 24, 1820, supra, and the Act of April 5, 1832, supra,

provided that the corners and contents of half-quarter and quarter-quarter sec-

tions should be ascertained, as nearly as possible, in the manner and on the

principles directed and prescribed in the Act approved February 11, 1805, supra.

The Act of July 4, 1836 (5 Stat. 107), provided for the reorganization of the

General Land Office, and that the executive duties of said office "shall be sub-
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462 MANUAL OF SURVEYING INSTRUCTIONS

ject to the supervision and control of the Commissioner of the General Land

Office under the direction of the President of the United States." The repealing

clause is, "That such provisions of the act of the twenty-fifth of April, in the

year one thousand eight hundred and twelve, entitled 'An act for the establish-

ment of a General Land Office in the Department of the Treasury,' and of all

acts amendatory thereof, as are inconsistent with the provisions of this act, be,

and the same are hereby, repealed."

From the wording of this act it would appear that the control of the General

Land Office was removed from the Treasury Department, and that the Commis-

sioner reported directly to the President; but, as a matter of fact, the Secretary

of the Treasury still had supervisory control, for the Act of March 3, 1849 (9

Stat. 395), by which the Department of the Interior was established, provided,

"That the Secretary of the Interior shall perform all the duties in relation to

the General Land Office, of supervision and appeal, now discharged by the

Secretary of the Treasury * * *." By this act the General Land Office was

transferred to the Department of the Interior.

The Act of March 3, 1925 (43 Stat. 1144), provided for the reorganization of the

public survey offices as follows: The office of surveyor general is hereby abol-

ished, effective July 1, 1925, and the administration of all activities theretofore

in charge of the surveyors general, including the necessary personnel, all records,

furniture, and other equipment, and all supplies in their respective offices, are

hereby transferred to and consolidated with the field surveying service, under the

jurisdiction of the United States Supervisor of Surveys, who shall hereafter ad-

minster same in association with the surveying operations in his charge and under

such regulations as the Secretary of the Interior may provide.

The administrative plan that was set up through the Act of March 3, 1925,

continued in operation until displaced by the reorganization of July 16, 1946,

wherein the General Land Office was abolished and its functions transferred to

the Bureau of Land Management. Manual, Chapter I, section 7.

The laws (1) in reference to the reorganization of the public survey offices

(March 3, 1925, 43 Stat. 1144; 43 U. S. C. sec. 51), effective July 1, 1925, and (2)

in reference to the transfer to the States of the field notes and plats on the com-

pletion of the surveys (May 28, 1926, 44 Stat. 672; 43 U. S. C. sees. 25, 25a, 25b),

superseded certain long established and important provisions of the Public

Land Laws, of which the following sections of the Revised Statutes are given here

for the information bearing upon former practices:

R. S. sec. 2207. There shall be appointed by the President, by and with the

Surveyor general advice and consent of the Senate, a surveyor general for the

how and where ap- States and Territories herein named, embracing, respectively,

one surveying district, namely: Louisiana, Florida, Minnesota,

Kansas, California, Nevada, Oregon, Nebraska and Iowa, Dakota, Colorado, New

Mexico, Idaho, Washington, Montana, Utah, Wyoming, Arizona.

R. S. sec. 2218. Whenever the surveys and records of any surveying district are

completed the surveyor general thereof shall be required to

and discontinuance of deliver over to the secretary of state of the respective States,

ph-ted'surveys0' CÂ°m* including such surveys, or to such other officer as may be author-

ized to receive them, all the field notes, maps, records, and other

papers appertaining to land titles within the same; and the office of surv*yor

general in every such district shall thereafter cease and be discontinued.
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R. S. sec. 2219. In all cases of discontinuance, as provided in the preceding sec-

tion, the authority, powers, and duties of the surveyor general in

ersuponcommissioner relation to the survey, resurvey, or subdivision of the lands

In rase of discontinu- therein, and all matters and things connected therewith, shall

be vested in and devolved upon the Commissioner of the General

Land Office.

R. S. sees. 2220, 2221. Under the authority and direction of the Commissioner

of the General Land Office any deputy surveyor or other agent

lie records delivered of the United States shall have free access to any such field

tion oftsuchDdelivery* nÂ°tes> maps, records, and other papers for the purpose of taking

extracts therefrom or making copies thereof without charge of

any kind; but no transfer of such public records shall be made to the authorities of

any State until such State has provided by law for the reception and safekeeping of

such public records, and for the allowance of free access thereto by the authorities

of the United States.
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Appendix II

THE CHAIN UNIT

15. The chain unit is known as the invention of Edmund Gunter, an English

astronomer of the seventeenth century; the chain unit of measurement is especially

convenient in computing areas in the unit of acres, one acre being equal co 10

square chains. In the colonial area of the United States, the boundaries of the

land grants that were made to the English speaking people were usually measured

in the same unit, but the lengths of lines were frequently expressed in terms of

"poles," 4 poles being equal to 1 chain.

The public land fractions of even 20.00 and 40.00 chains for the quarter and

half-mile distances greatly simplify the subdivision of the section into the aliquot

parts, termed the quarter-quarter and quarter sections, or units of area as 40

acres and-160 acres. The fraction of 10 chains along the section boundary gives

the 'side of a 10-acre subdivision, or quarter-quarter-quarter unit.

Again, where the law requires a proportional distribution of differences in

measurement as in making retracements for the restoration of lost corners, and

in the subdivision of a section into its aliquot parts, this is accomplished in terms

of a few links added to or subtracted from the 20.00 and 40.00 chain measurement

that is Ishown in the official record. No other linear unit can be so well suited to

these practices.

In the beginning (sixth rule; Manual sec. 6) all lines were to be measured with

chains, containing 2 perches of 16H feet each, subdivided into 25 equal links;

the chain was to be adjusted to a standard kept for that purpose. This short

unit was frequently called the "2-pole" chain. The more common term now for

the perch, or pole, is the rod, which equals 16}i feet in length; however, that

term is more ordinarily applied to the dimensions of small tracts, length of fence

lines, widths of land cultivation in strips, etc. In the larger scale surveys, and

especially in the public land surveying practice, the unit is the chain of 66 feet

in length, divided or graduated into 100 links.

The ordinary foot unit, while used almost exclusively in city, town, and village

subdivisions, and in railroad, highway, and topographic surveys, is not well

suited to the acre unit of area. This should be noted in sections 584 to 595,

inclusive, on the computation of areas. All public land surveying records are

in the chain unit, though the term "pole" will be found in some of the early field

notes.

In its earliest construction the chain was made from iron, later heavy steel

wire, in short pieces which were bent at the ends to form rings; three extra rings

were placed in between the pieces, each assembly to make up one whole link,

or 7.92 inches. Adjustable handles, with swivels, were placed at the extreme

ends; this gave flexibility to the whole, and means for making corrections to a

standard length. There were many wearing surfaces, and other ready causes

for errors in length. Almost daily testing was required, and the errors could be

large if this was neglected. The link chain was not superseded by the steel ribbon

tape, in general practice, until after 1900.
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Appendix II 

THE CHAIN UNIT 

15. The chain unit is known as the invention of Edmund Gunter, an English 
astronomer of the seventeenth century; the chain unit of measurement is especially 
convenient in computing areas in the unit of acres, one acre being equal to 10 
square chains. In the colonial area of the United States, the boundaries of the 
land grants that were made to the English speaki.ng people were usually measured 
in the same unit, but the lengths of lines were frequently expressed in terms of 
"poles," 4 poles being equal to 1 chain. 

The public land fractions of even 20.00 and 40.00 chains for the quarter and 
half-mile distances greatly simplify the subdivision of the section into the aliquot 
parts, termed the quarter-quarter and quarter sections, or units of area as 40 
acres and -160 acres. The fraction of 10 chains along the section boundary gives 
the ·side of a 10-acre subdivision, or quarter-quarter-quarter unit. 

Again, where the law requires a proportional distribution of differenccs in 
measuremcnt as in making retracements for the restoration of lost corners, and 
in the subdivision of a section into its aliquot partA, this is accomplished in terms 
of a few links added to or subtracted from the 20.00 and 40.00 chain measurement 
that is ~hown in the official record. No other linear unit can be so well suited to 
these practices. 

In the beginning (sixth rule; Manual sec. 6) all lines were to be measured with 
chains, containing 2 perches of 16~ feet each, subdivided into 25 equal links; 
the chain was to be adjusted to a standard kept for that purpose. This short 
unit was frequently called the" 2-pole" chain. The more oommon term now for 
the perch, or pole, is the rod, which equals 16~ feet in length; however, that 
term is more ordinarily applied to the dimensions of small tracts, length of fence 
lines, widths of land cultivation in strips, etc. In the larger scale surveys, and 
especially in the public land surveying practice, the unit is the chain of 66 feet 
in length, divided or graduated into 100 links. 

The ordinary foot unit, while used almost exclusively in city, town, and village 
subdivisions, and in railroad, highway, and topographic surveys, is not well 
suited to the acre unit of area. This should be noted in sections 584 to 595, 
inclusive, on the computation of areas. All public land surveying records are 
in the chain unit, though the term "pole" will be found in some of the early field 
notes. 

In its earliest construction the chain was made from iron, later heavy steel 
wire, in short pieces which were bent at the ends to form rings; three extra rings 
were placed in between the pieces, each assembly to make up one whole link, 
or 7.92 inches. Adjustable handles, with swivels, were placed at the extreme 
ends; this gave flexibility to the whole, and means for making corrections to a 
standard length. There were many wearing surfaces, and other ready causes 
for errors in length. Almost daily testing was required, and the errors could be 
large if this was neglected. The link chain was not superseded by the steel ribbon 
tape, in general practice, until after 1900. 
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The 2-pole (or 4-pole) chain could be used in level or gently rolling country,

but the chain itself required "leveling," and frequently a plummet at one end.

On steep slopes there was the practice of " breaking chain," i. e.â��using only 10, 20,

or more links at a time, whatever could be held horizontally. In consequence

of the difficulties, and the many chances for error, and later the need for much

greater accuracy in all respects, the long steel-ribbon tape finally supplanted

the link chain.

The boundaries of the grants of land that were made to private individuals or

companies by the British crown both in the area of the Colonial States and in

the territory that was turned over to the Federal Government by those States

were usually described in terms of natural objects and metes-and-bounds traverse,

the latter by direction of lines and lengths in terms of poles or chains. There

were few, if any, exceptions to the latter unit.

THE ARPENT AND VARA UNITS

The land grants by the French crown were usually described in terms of the

arpent. Where the Spanish settled first, the land survey distances were expressed

in the vara unit. The conversions that are most frequently needed are given in

table 26, Standard Field Tables.

Grants by the French crown were usually expressed as so many arpenis in area

and/or as a tract of so many arpenis frontage upon a certain body of water, and

so many arpents back, on either side; sometimes as a tract of so many arpents in

the two or more directions along the sides. The arpent is a unit of area, approxi-

mately 0.85 acres, and when used as a linear term is intended to refer to the

length of the side of one square arpent.

The grants by the Spanish crown and by the Mexican Government, prior to

the cessions to the United States, were more often described as by the British

plan, but svith lengths of lines expressed in the vara unit.

In the State of Texas where the titles and land survey descriptions were brought

down from the Spanish sovereignty, the vara unit of linear measurement is

employed; 36 varas are recognized as being equal to 100.000 feet.

In the survey of private land grants, therefore, and in making retracements

and resurveys, it has been necessary to interpret the language of each grant, and

to convert the dimensions to the equivalent in the chain unit.

The public domain is made up largely of areas acquired from France, Mexico,

and Spain, by cessioD and purchase. Prior to the acquisition of the areas by the

United States, those foreign governments had made many grants of land to

private individuals as reward for services rendered, to promote trade, and en-

courage settlement in their colonies. Such private land grants, when duly

authenticated and confirmed, were recognized by our government and the areas

thereof were segregated from the lands subject to disposal under the general

public land laws.

These land grants were surveyed under authority, and described in terms of

the units of measurement customarily used by, the granting sovereignty. Thus,

the arpent (arpen) was in general use in the French settlements in North America,

and the vara was generally employed â�¢ throughout the Spanish and Mexican

settlements. The present day use of those units on surveys within the public

domain is limited to those instances where it may be necessary to retrace the

boundaries of private land grants.

Slightly different values were employed for the arpent and vara in the French,

Spanish, and Mexican private land grants in the several surveying districts, due

to the lack of exact standards, the continuation of local practice and usage, and
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but the chain itself required "leveling," and frequently a plummet at one end. 
On steep slopes there was the practice of "breaking chain," i. e.-using only 10, 20, 
or more links at a time, whatever could be held horizontally. In consequence 
of the difficulties, and the many chances for error, and later the need for much 
greater accuracy in all respects, the long steel-ribbon tape finally supplanted 
the link chain. 

The boundaries of the grants of land that were made to private individuals or 
companies by the British crown both in the area of the Colonial States and in 
the territory that was turned over to the Federal Government by those States 
were usually described in terms of natural objects and metes-and-bounds traverse, 
the latter by direction of lines and lengths in terms of poles or chains. There 
were few, if any, exceptions to the latter unit. 

THE ARPENT AND V ARA UNITS 

The land grants by the French crown were usually described in terms of the 
arpent. Where the Spanish settled first, the land survey distances were expressed 
in the lIara unit. The conversions that are most frequently needed are given in 
table 26, Standard Field Tables. 

Grants by the French croWD were usually expressed as so many arpenls in area 
and/or as a tract of so many arpents frontage upon a certain body of water, and 
so many arpents back, on either !'Iide; sometimes as a tract of so many arpents in 
the two or more directions along the sides. The arpent is a unit of area, approxi
mately 0.85 acres, and when used as a linear term is intended to refer to the 
length of the side of one square arpent. 

The grants by the Spanish croWD and by the Mexican Government, prior to 
the cessions to the United States, were more often described as by the British 
plan, but with lengths of lines expressed in the vara unit. 

In the State of Texas where the titles and land survey descriptions were brought 
down from the Spanish sovereignty, the vara unit of linear measurement is 
employed; 36 varas are recognized as being equal to 100.000 feet. 

In the survey of private land grants, therefore, and in making retracements 
and resurveys, it has been necessary to interpret the language of each grant, and 
to convert the dimensions to the equivalent in the chain unit. 

The public domain is made up largely of areas acquired from France, Mexico, 
and Spain, by cession and purchase. Prior to the acquidition of the areas by the 
United States, those foreign governments had made many grants of land to 
private individuals as reward for services rendered, to promote trade, and en
courage settlement in their colonies. Such private land grants, when duly 
authenticated and confirmed, were recognized by our government and the arens 
thereof were segregated from the lands subject to disposal under the general 
public land laws. 

These land grants were surveyed under authority, and described in terms of 
the units of measurement customarily used by, the granting sovereignty. Thus, 
the arpent (arpen) was in general use in the French settlements in North America, 
and the vara was generally employed. throughout the Spanish and Mexican 
settlements. The present day use of those units on surveys within the public 
domain is limited to those instances where it may be necessary to retrace the 
boundaries of private land grants. 

Slightly different values were employed for the arpent and vara in the French, 
Spanish, and Mexican private land grants in the several surveying districts, due 
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the use of approximate conversion factors. Where necessary to ascertain the

definite equivalents for conversion of the units, an examination should be made

of the early surveying records and court opinions of that particular district for

the authority.

The values stated in table 26, Standard Field Tables, are provided as an aid

in the interpretation of the descriptions which may be found in the early land

grants.

The Arpent

The arpent {arpen) is a French unit of area whose value varied depending on

origin and local custom, as the arpent de Paris, the arpent commun, and the arpent

d'ordonnance. Troll v. City of St. Louis, 168 SW., 167 (1914).

The arpent is not primarily a unit of linear measure, but tracts of land were

frequently described in terms of arpent frontage and depth, the unit being the

side of a square arpent; in this manner, by custom and usage, the arpent came to

be considered also in terms of linear value.

The Surveyor General's office at St. Louis, Mo., adopted a definite value for

the arpent which was used consistently in the surveys in Arkansas and Missouri,

as follows:

1 arpent=0.8507 acres

The side of the square arpent=2.91667 chains (192.500 feet).

(Report of the Commissioner, General Land Office, 1869, p. 406).

A slightly different value for the arpent appears to have been adopted in

Louisiana, Mississippi, Alabama, and northwestern Florida. While no authorita-

tive definition for the value of the arpent in this region is known, the following

values have been derived from the records of early surveys:

1 arpent=0.84625 acres (nearly).

The side of the square arpent=2.909 chains (191.994 feet)

The Vara

The vara is a Spanish and Mexican unit of linear measure which was employed

generally in description of lands granted by those sovereignties The vara also

is found to have different values, depending on locality and custom.

The Castilian vara was the Spanish unit of linear measurement generally adopted

in the land grants of that sovereignty in Florida, with the following value:

1 vara =33.372 inches (4.2136 links)

100 varas = 4.2136 chains (278.100 feet)

Mitchel v. United States, 15 Peters 51, 57 (1841).

The Mexican vara was the unit of linear measurement generally adopted in the

early land descriptions in the area of the public domain of the southwest, where

early settlement was of Spanish and Mexican origin.

The standard vara of Mexico which was brought to the United States at the

close of the Mexican War was found to be 32.9682 inches in length. United

States v. Perot, 98 U. 8., 428 (1878). However, by agreement of September 15,

1837, between the Mexican republic and the holders of her bonds, it is stated that

the Mexican vara is equal to 837 French millimetres; with this value

1 vara=32.95269 inches

elsewhere in that agreement, the value of the vara is given

1 vara=32.99312 inches
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the use of approximate conversion factors. Where necessary to ascertain the 
definite equivalents for conversion of the units, an examination should be made 
of the early surveying records and court opinions of that particular district for 
the authority. 

The values stated in table 26, Standard Field Tables, are provided as an aid 
in the interpretation of the descriptions which may be found in the early land 
grants. 

The Arpent 

The arpent (arpen) is a French unit of area whose value varied depending on 
origin and local custom, as the arpent de Paria, the arpent commun, and the arpent 
d'ordonnance. Troll v. City of St. Louis, 168 SW., 167 (1914). 

The arpent is not primarily a unit of linear measure, but tracts of land were 
frequently described in terms of arpent frontage and depth, the unit being the 
side of a square arpent i in this manner, by custom and usage, the arpent came to 
be considered also in terms of linear value. 

The Surveyor General's office at St. Louis, Mo., adopted a definite value for 
the arpent which was used consistently in the surveys in Arkansas and Missouri, 
as follows: 

1 arpent = 0.8507 acres 
The side of the square arpent=2.91667 chains (19'2.500 feet). 

(Report of the Commissioner, General Land Office, 1860, p. 406). 
A slightly different value for the arpent appears to have been adopted In 

Louisiana, Mississippi, Alabama, and northwestern Florida. While no authorita
tive definition for the value of the arpent in this region is known, the following 
values have been derived from the records of early surveys: 

1 arpent=0.84625 aCres (nearly). 
The side of the square arpent=2.909 chains (191.994 feet) 

The Vara 
The vara is a Spanish and Mexican unit of linear measure which was employed 

generally in description of lands granted by those sovereignties. The vara allo 
is found to have different values, depending on locality and custom. 

The Castilian vara was the Spanish unit of linear measurement generally adopted 
in the land grants of that sovereignty in Florida, with the following value: 

1 vara =33.372 inches (4.2136 links) 
100 varas=4.2136 chains (278.100 feet) 

MitcMl v. United States, 15 Peters 51,57 (1841). 
The Mexican vara was the unit of linear measurement generally adopted in the 

early land descriptions in the area of the public domain of the southwest, where 
early settlement was of Spanish and Mexican origin. 

The standard vara of Mexico which was brought to the United States at the 
close of the Mexican War was found to be 32.9682 inches in length. Uniud 
Statea v. Perot, 98 U. S., 428 (1878). However, by agreement of September 15, 
1837, between the Mexican republic and the holders of her bonds, it is stated that 
the Mexican vam is equal to 837 French millimetresj with this value 

1 vara= 32.95269 inches 

elsewhere in that agreement, the value of the vara is given 

1 vara=32.99312 inches 
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(Report of the Commissioner, General Land Office, 1854, p. 27).

In California, the value of the Mexican vara has been recognized by common

consent, as:

1 vara =33.00000 inches

(Report of the Commissioner, General Land Office, 1854, p. 22; United States v.

Perot, supra). This value also has been used universally in the survey of the

private claims in New Mexico, having been officially recognized by the Court

of Private Land Claims, and generally in Arizona.

In Texas, by legislative enactment, the value of the Spanish vara has been

established as:

1 vara= 33.33333 inches

(Acts of Texas Legislature, 1919, p. 232). Ordinarily, in Texas, it is recognized

that 36 varas=100.000 ft.

It will be seen that the value of the vara is not the same for all localities, and

that local authorities should be consulted for a definite determination of the

value in the particular locality of a survey.

STADIA TEST

31. Example of test of stadia wire interval, the approximate ratio being 1:100,

and the focal constant 1.2 links:

Field record

Measurement of base by steel

tape and clinometer

Mean

vertical

angle

Distance

on slope

True hori-

zontal dis-

tance

Vertical rod

reading

Transcribed field note*

-3HÂ°

-4HÂ°

Chains

6.40

2.70

5.20

Total base

(c+/)

Stadia base

Chains

6.386 chs.

2.692

6.082

- 14.160

- .012

â�¢ 14. MS chs.

-933.768 it.

Mean rod reading=

Coefficient for 1Â°54 =0.9989;

0.0011X9.5200-

r cos'sâ��

logK.

933.768

9. 5095

.1.992081

â�  1.819544

=98.193

K

66

-0.172537

Feet

9.615

9.518

9.522

9.519

9.527

9.513

9.521

9.524

9.621

9.520

9.5200

.0105

9.5095

July 7,1945, I made the following test of the stadia wire

interval:

Horizontal length of base =14.160 chs

Mean of ten rod readings â�� 9.6200 ft.

Vertical angle of test â��+1Â°54'

JT=98.193

log â��i rod in feet and horizontal distance

'66

in chains

- 0.172537
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(Report of the Commissioner, General Land Office, 1854, p. 27). 
In California, the value of the Mexican vara has been recognized by common 

consent, as: 
1 vara= 33.00000 inches 

(Report of the Commissioner, General Land Office, 1854, p. 22; United StaU3 v. 
Perot, .upra). This value also has been used universally in the survey of the 
private claims in New Mexico, having been officially recognized by the Court 
of Private Land Claims, and generally in Arizona. 

In Texas, by legislative enactment, the value of the Spanish vara hM been 
established as: 

1 vara= 33.33333 inches 

(Acts of Texas Legislature, 1919, p. 232). Ordinarily, in Texas, it is recognized 
that 36 V&ras= 100.000 ft. 

It will be seen that the value of the vara is not the same for all localities, and 
that local authorities should be consulted for a definite determination of the 
value in the particular locality of a survey. 

STADIA TEST 
31. Example of test of stadia wire interval, the approximate ratio being 1 :100, 

and the focal constant 1.2 links: 

Field record 

Measurement of base by steel 
tape and clinometer Vertical rod Transcribed field nota reading 

Mean Distance True horf-
vertical on slope zontal dia-

ancle tance 

Cftaftll CAaim Feet 

-3~ 6.40 6.386 cbs. 9.615 July 7, 1945, I made the following test of the stadia wire 
-4 0 2.70 2.692 9. 518 interval: 

+12 0 6.20 6.082 9.522 Horizontallengtb of base -14.160 cbs -- 9.519 Mean of ten rod readings - 9. 5:nl ft. 
Total base - 14.160 9.527 Vertical angle of test _+1°64' 

9.513 K-98.193 
(e+1> - .012 9.521 

log ~. rod in feet and horizontal distance -- 9.62' 
Stadia base - 14. 148 cbs. 9.521 in chafna - 0.172537 .. .. -933.768 ft. 9.520 --
Mean rod readin~- 9.5:nl 
Coetlicient for 10 M -0. 9989; 

0. OOllX9. 6200 - .0105 --
r coaI,- 8.6Qg6 

Ie-Q33. 768 -118. 193 
9.0096 

101 K -1.992081 
.. 66-1.819644 
--

K 
If 66-0. 172537 

Dig ize b 
Original from 

UNIVERSITY OF INNESOTA 

,. 



468

MANUAL OF SURVEYING INSTRUCTIONS

The following example of record, with reductions added, is adapted to the

instrument showing the above test of the wire interval, ratio 1:98.193 and focal

constant 1.2 links.

Field record

Transcribed field notes

Chains

North, bet. sees. 31 and 36.

Over level land.

14.20

24.50

Commence gradual ascent of 40 ft. to base of cliff.

Stadia to top of cliff:

)og|j -0.172537

mean 8.472 ft., +16Â°40'.

Base of cliff, bears N. 65Â° W. and S. 65Â° E.; ascend 190

ft. to top.

" 8.472 - 0.927986

" COS>16Â°40'={Â»:K}

1.0G3245

nat ~r cosÂ»c=11.568

DO

(Â«+/) cosr= .012

14.20 +11.68 chs.

25.78

Top of cliff; thence over level mesa.

log .ST =1.992081

" 8.472 =0.927986

" 0.2748 =9.439017

2.359084

Dtff. elev.~228ft.

To bluff =40

Cliff = 188"

THE USE AND TEST OF THE MAGNETIC COMPASS

40. There are many legitimate uses of the compass, provided that frequent

and complete tests have been made in that same locality, by solar or other ac-

ceptable method, by which to determine the magnetic declination and its diurnal

variation. In all cases this is dependent upon the needle being in good older,

and where there is known freedom from local attraction. Among the common

1 uses, there are: (1) as an aid in the retracement of the early surveys that were

made by needle compass (this is frequently very helpful in following an old line);

(2) when making surveys for topographic detail (of secondary accuracy) at times

of cloudy weather, or in the eaily or late hours of short winter days when the

sun is low, and during the noon period; (3) for blazing the true lines when the sun

can not be used (but the exact location of all corners must be determined by the

approved methods); and, (4) similarly, for noting bearing trees, when the sun is

not available. Where the needle is employed as in blazing or noting bearing

trees, the field-tablet record should show that a test has been made on that date

on a line of known azimuth as a check against the possibility of magnetic storm.1

Another general use, frequently very helpful, is to use the needle for the setting

of a trial mark for beginning the meridian observations, when there has not been

a chance to set a reference mark by a better method. Sometimes a beginning

point on a survey, or a turning point, is badly "pocketed" where there is little or

1 Magnetic Declination in the United States: Definition of terms, compass surveys, and tables. U. S.

Coast and Geodetic Survey: Superintendent of Documents, Government Printing Office, Washington,

D. C.
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The following example of record, with reductions added, is adapted to the 
instrument showing the above test of the wire interval, ratio 1 :98.193 and focal 
constant 1.2 links. 

Field record Transcribed field notes 

K 
log 66 - O. 172537 
.. 8.472 - 0.927986 

.. cosl 16°40' - {g: :gg~ 
1.003245 

K nat 6if cost ,-11.568 

(e+fl COIII- .012 

14.2» +11.68 cbs. 

101 K -1.992081 
.. 8. 472 .. 0.927986 
.. o.27~ -9.439017 

2.359084 

Dlt!. elev.-228 Ct. 
To blutf =40 

Cliff =188 .. 

aa/m North, bet. 1!eCS. 31 and 36. 
Over levelland. 

14. 3) Commence gradual ucent of 40 ft. to base of cW!. 
Stadia to top of c~: 

mean 8.472 ft., +16°40'. 
24. 50 Base of cliff, bears N. 65° W. and B. 65° E.; ascend 1110 

ft. to top. 

25. 78 Tpp of clIff; thence over level mesa. 

THE USE AND TEST OF THE MAGNETIC COMPASS 
40. There are many legitimate uses of the compass, provided that frequent 

and complete tests have been made in that same locality, by solar or other ac
reptable method, by which to determine the magnetic declination and its diurnal 
variation. In all cases this is dependent upon the needle being in good 01 der, 
and where there is known freedom from local attraction. Among the common 

.. uses, there are: (1) as an aid in the retracement of the early surveys that were 
made by needle compass (this is frequently very helpful in following an old line) ; 
(2) when making surveys for topographic detail (of secondary accuracy) at times 
of cloudy wearher, or in the eally or late hours of short winter days when the 
sun is low, and during the noon period; (3) for blazing the true lines when the sun 
ran not be used (but the exact locat.ion of all corners must be determined by the 
approved methods); and, (4) similarly, for noting bearing trees, when the sun is 
not available. Where the needle is employed as in blazing or noting bearing 
trees, the field-tablet record should show that a test has been made on that dat.e 
on a line of known azimuth as a check against the possibility of magnetic storm.1 

Another general use, frequently very helpful, is to use the needle for the setting 
of a trial mark for beginning the meridian observations, when there has not been 
a chance to set a reference mark by a better method. Sometimes a beginning 
point on a survey, or a turning point, is badly "pocketed" where there is little or 

I Magnetic Declination in the United States: Definition of terms, compass surveys, and tables. U. B. 
Coast and Geodetic Survey: Superintendent of Documents, Government Prlntlna Office, Wuhineton. 
D.O. 
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no chance for a solar observation, and in situations where there can not be a

satisfactory back sight. In these cases the use of the needle may give a satisfac-

tory direction to a forward point that may be occupied for a meridian observation,

and for correction of that point to desired position.

The detail of the use of the needle in the above manner is not ordinarily carried

to the transcribed field notes, other than the normal recording of the magnetic

declination, and the local attraction if found to exist. A record of the magnetic

declination is doubly important if the needle has proven to be helpful in the retrace-

ment or identification of a prior survey. Section 236, item 19.

The larger General Land Office solar transits have a variation plate and vernier

that will permit a good reading to the nearest 5'; the smaller instruments do not

have a variation plate, the readings being estimated to the nearest 10'. To be

dependable, no readings should be made where there are nearby electric or steel

wires, rails, or similar disturbing influences.

The observations should include certain minimum requirements, as follows:

1. At the camp meridian, through the whole clay at intervals of not to exceed

1 hour, on 2 or more days, well separated; this will ordinarily be done when

making the tests for the orientation of the solar unit. The data will give the

amount and time of the daily variation.

2. On 1 mile of each township exterior, where these lines are a part of the

survey, taken at two or more well separated points, in connection with the line

work; date and time of day recorded.

3. Same, on 1 mile of the subdivisional survey, observed within each quarter

township.

4. At the township or section corner at the southeasterly point of the survey,

this reading to be corrected to the mean magnetic declination.

THE TRANSIT ADJUSTMENTS

41. Presuming that the transit is in good order and adjustment at the beginning

of the survey, and that the chief of field party is supplied with his favorite college

text books on surveying, which give the detail of how to make the transit adjust-

ments, and having in hand the maker's bulletin or Manual on the transit, its care,

use, test and adjustment, its performance then depends largely on the attention

that is given to its care, the "touch up" adjustments that may be required from

time to time, and the methods of operation by which small residual errors of adjust-

ment may be compensated or eliminated. It is equally important to understand

the things that should be avoided. These very practical considerations are

stressed in the explanations that follow, all with regard to the conditions of the

survey most likely to be encountered, as these fit into the Manual methods.

The instrument should be cleaned daily to avoid accumulations of dust, just a

brushing off; a small flat-brush for the general cleaning; a pointed brush for the

tangent and clamp screws; a camels-hair brush and/or a piece of soft-worn linen

(free from lint) for the lenses, exposed arcs, verniers, and the reflector. Avoid all

noticeable accumulations of dust or oil. Be prepared daily to give the instrument

complete protection against dust, rain, or snow.

Avoid an over-adjustment of any kind. Do not continually change the adjust-

ments. Unless it is plainly demonstrated do not make an adjustment at all.

In most cases do not make an adjustment until the performance from day to day

gives a consistent indication that a certain "touch up" will be an improvement.

Then be certain of the direction of the movement that is required, and in small

amount to improve the adjustment without passing the point of perfect adjust-

ment.
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no chance for a solar observation, and in situations where there can not be a 
satisfactory back sight. In these cases the use of the needle may give a satisfac
tory direction to a forward point that may be occupied for a meridian observation, 
and for correction of that point to desired position. 

The detail of the use of the needle in the above manner is not ordinarily carried 
to the transcribed field notes, other than the normal recording of the magnetic 
declination, and the local attraction if found to exist. A record of the magnetic 
declination is doubly important if the needle has proven to be helpful in the retrace
ment or identification of a prior survey. Section 236, item 19. 

The larger General Land Office solar transits have a variation plate and vernier 
that will permit a good reading to the nearest 5'; the smaller instruments do not 
have a variation plate, the readings being estimated to the nearest 10'. To be 
dependable, no readings should be made where there are nearby electric or steel 
wires, rails, or similar disturbing influences. 

The observations should include certain minimum requirements, as follows: 
1. At the camp meridian, through the whole day at intervals of not to exceed 

1 hour, on 2 or more days, well separated; this will ordinarily be done when 
making the tests for the orientation of the solar unit. The data will give the 
amount and time of the daily variation. 

2. On 1 mile of each township exterior, where these lines are a part of the 
survey, taken at two or more well separated points, in connection with the line 
work; date and time of day recorded. 

3. Same, on 1 mile of the subdivisional survey, observed within each quarter 
township. 

4. At the township or section corner at the southeasterly point of the survey, 
this reading to be corrected to the mean magnetic declination. 

THE TRANSIT ADJUSTMENTS 
41. Presuming that the transit is in good order and adjustment at the beginning 

of the survey, and that the chief of field party is supplied with his favorIte college 
text books on surveying, which give the detail of how to make the transit adjust
ments, and having in hand the maker's bulletin or Manual on the transit, its care, 
use, test and adjustment, its performance then depends largely on the attention 
that is given to its care, the "touch up" adjustments that may be required from 
time to time, and the methods of operation by which small residual errors of adjust
ment may be compensated or eliminated. It is equally important to understand 
the things that should be avoided. These very practical considerations are 
stressed in the explanations that follow, all with regar4 to the conditions of the 
survey most likely to be encountered, as these fit into the Manual methods. 

The instrument should be cleaned daily to avoid accumulations of dust, just a 
brushing off; a small flat-brush for the general cleaning; a pointed brush for the 
tangent and clamp screws; a camels-hair brush and/or a piece of soft-worn linen 
(free from lint) for the lenses, exposed arcs, verniers, and the reflector. Avoid all 
noticeable accumulations of dust or oil. Be prepared daily to give the instrument 
complete protection against dust, rain, or snow. 

Avoid an over-adjustment of any kind. Do not continually change the adjust
ments. Unless it is plainly demonstrated do not make an adjustment at all. 
In most cases do not make an adjUf,tment until the performance from day to day 
gives a consistent indication that a certain "touch up" will be an improvement. 
Th.en be certain of the direction of the movement that is required, and in small 
amount to improve the adjustment without passing the point of perfect adjust
ment. 
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470 MANUAL OF SURVEYING INSTRUCTIONS

If the instrument has suffered the misfortune of a fall or other accident, be

extremely careful not to make matters worse by forcing any movement that binds

in the least. If binding is noticed in the slightest particular, tighten every clamp

to snug and let it be sent to the maker or to an instrument shop for attention.

There is no field adjustment for worn centers, nor to correct centers that have

been sprung by an accident. The daily performance will indicate the condition

of the centers. Many observations require a careful levelling with the telescope

level. When so levelled on one center, it should hold for the other center; if not,

the centers are worn, or sprung in relation one to the other. There is no field

adjustment, or compensation for this. If small, it may be neglected in work that

is not too exacting; if bad, it requires shop correction.

An instrument that is in good adjustment when shaded, or in moderate tem-

peratures, may show quite a change in the plate levels and/or in collimation, when

exposed to a hot sun.2 Do not change the adjustments under these conditions;

instead, employ the methods that will compensate the differences.

The eyepiece should be on correct focus for the user of the instrument. Insist

that others do not change that focus when taking just an occasional sight. Always

check this focus if others have used the instrument. Precision observations

cannot be secured if there is appreciable "parallax" in this focus. Check the

eyepiece focus against a perfectly flat field in the sky, sighting away from

bright light, and where there are no objects such as a moving cloud that would

influence the muscles of the eye.*

The term "direct" sighting as used in reference to making the instrumental

adjustments, stellar observations, etc., means the position of the telescope when

the telescope level is underneath; "reversed" sighting is the opposite position.

Before starting to make any adjustments, make certain that the parts are

thoroughly clean, and that the related movements are working smoothly, freely,

and without play such as weaving in any noticeable amount.

Also, give daily attention to the tripod to see that the wing nuts are snug, but

not so tight as to cause a straining on the tripod head.4 Notice that all screw

adjustments, and plate screws, are snug, and that the metal shoes are tightly

fitted.

The problem in making the instrumental adjustments is to bring all geometrical

elements into proper inter-relation. All engineer's transits of American design,

the one-minute transit ordinarily employed in land surveying, are substantially

the same in basic principles of construction. They differ only slightly in the detail

of accomplishing the desired adjustment. The vertical axis is the line through

the vertical centers; it intercepts the horizontal circle at the center of the plate

1 The change indicated comes from unequal temperatures within the instrumental parts, therefore in-

equalities in expansion. If an adjustment must be made In the sun, the instrument should be protected by

shading, and turned frequently to equalize its expansion or contraction changes.

â�¢ To verify this focus of the eyepiece, first hold a piece of white paper a few feet in front of the objective

lens, checking the appearance of the cross wires which should be sharp and black; then turn the telescope to

a well-defined distant object, focusing by movement of the objective slide for sharp appearance of the image.

If no parallax can be detected when moving the eye position from side to side or up and down, the eyepiece

focus is good, but if the image becomes displaced with respect to the cross wires the eyepiece focus is not

perfect. In the latter case, first change the objective focus to remove the parallax (disregarding sharpness of

image until that has been accomplished); this will bring the image into the plane of the cross wires. The

sharpness of the image may now be improved by a slight re-focus movement of the eyepiece. That position

should be final for the user of the instrument, unless it becomes disturbed.

â�¢ When making a transit set-up for a precision observation, such as a repetition of angles or a series of

direct and reversed sightings, where the final value in horizontal angle is sought much inside of a single

vernier reading, and when making instrumental adjustments, It is necessary to remove the possibility of

torque or straining. After getting a firm tripod setting, simply loosen the three wing nuts from snug, give

the tripod head and legs a firm twist to the right and left to a perfectly free position, then tighten the wing

nuts to mag.
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If the instrument has suffered the misfortune of a fall or other accident, be 
extremely careful not to make matters worse by forcing any movement that binds 
in the least. If binding is noticed in the slightest particular, tighten every clamp 
to snug and let it be sent to the maker or to an instrument shop for attention. 

There is no field adjustment for worn centers, nor to correct centers that have 
been sprung by an accident. The daily performance will indicate the condition 
of the centers. Many observations require a carefullevelllng with the telescope 
level. When so levelled on one center, it should hold for the other center; if not, 
the centers are worn, or sprung in relation one to the other. There is no field 
adjustment, or comp~nsation for this. If small, it may be neglected in work that 
is not too exacting; if bad, it requires shop correction. 

An instrument that is in good adjustment when shaded, or in moderate tem
peratures, may show quite a change in the plate levels and/or in collimation, when 
exposed to a hot sun.1 Do not change the adjustments under these conditions; 
instead, employ the methods that will compensate the differences. 

The eyepiece should be on correct focus for the user of the instrument. Insist 
that others do not change that focus when taking just an occasional sight. Always 
check this focus if others have used the instrument. Precision observations 
cannot be secured if there is appreciable "parallax" in this focus. Check the 
eyepiece focus against a perfectly flat field in the sky, sighting away from 
bright light, and where there are no objects such as a moving cloud that would 
influence the muscles of the eye.' 

The term "direct" sighting as used in reference to making the instrumental 
adjustments, stellar observations, etc., means the position of the telescope when 
the telescope level is underneath; "reversed" sighting is the opposite position. 

Before starting to make any adjustments, make certain that the part.s are 
thoroughly clean, and that the related movements are working smoothly, freely, 
and without play such as weaving in any noticeable amount. 

Also, give daily attention to the tripod to see that the wing nuts are snug, but 
not so tight as to cause a straining on the tripod head.· Notice that all screw 
adjustments, and plate screws, are snug, and that the metal shoes are tightly 
fitted. 

The problem in making the instrumental adjustments is to bring all geometrical 
elements into proper inter-relation. All engineer's transits of American design, 
the one-minute transit ordinarily employed in land surveying, are substantially 
the same in basic principles of construction. They differ only slightly in the detail 
of accomplishing the desired adjustment. The vertical axis is the line through 
the vertical centers; it intercepts the horizontal circle at the center of the plate 

I The change indicated comes from unequal temperatures within the instrumental parts, therefore in
equalities In expansion. If an adjustment must be made in the sun, the Instrument should be protected by 
shading, and turned frequently to equalize Its expansion or contraction changes. 

I To verity this focus of the eyepiece, first hold a piece of white paper a few feet in front of the objective 
lens, checking the appearance of the cross wires which sbonld be sharp and black; then turn the telescope to 
a well-defined distant object, focusing by movement of the objective sUde for sharp appearance oUhe Image. 
If no parallax can be detected when moving the eye position from side to side or up and down, the eyepiece 
focus is good, but If tbe image becomes dlaplaoed with respect to the croM wires the eyepiece focus is not 
perfect. In tbe latter case, first change the objective focus to remove the parallax (disregarding sharpness of 
Image until tbat bas been accomplisbed); tbls will bring the Image Into tbe plane of the crosl wires. The 
sharpness of the Image may now be Improved by a slight re-focus movement of the eyepiece. That position 
should be final for tbe user of the Instrument, unless It becomes disturbed • 

• When making a transit set-up for a precision observation, such II a repetition of angles or a series of 
direct and reversed a1ght.1ngs, where the final value In horizontal angle is sought much inside of a single 
vernier reading, and when making instrumental adjustments, It is necessary to remove the possibility of 
torque or straining. After getting a 1I.rm tripod setting, simply loosen the three wInI nuts from snug, give 
the tripod bead and lep a firm twlat to the right and left to a perfeetly free poe1UoD. thaD u,hteD the wiDe 
uuta to mac. 
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THE TRANSIT ADJUSTMENTS 471

graduations; it intercepts the horizontal plane of the telescope, or instrumental

"H. I.", at the line of sight of the telescope, and at the horizontal axis of the

latter.

There are five transit adjustments that may occasionally require a slight

"touch up" in the field, but this should be seldom, and should be undertaken only

with caution, and after ample demonstration, by performance, that the error is

consistent under all normal conditions.

Plate Levels

1. To bring the plate levels into a plane that is normal to the vertical axis.

An error is ordinarily first noticed in daily use, especially in solar transit orienta-

tion, where the practice is to level with the solar unit on the west, reverse to solar

unit on the east, or normal position, then, just prior to orientation, correct for

level by just half the displacement of each bubble. If either bubble shows that

it is consistently displaced slightly to one side on the reversals, especially when

well shaded and in moderate temperatures, the error may be regarded as having

been demonstrated, and may be corrected, if needed. A quarter-division displace-

ment, when compensated in the manner described, represents not over 15" in

adjustment.

Carefully level the instrument using the telescope level, which is more sensitive

than the plate levels. Then bring the plate levels into agreement.*

Collimation

2. To make the line of sight normal to the horizontal axis. A small error may

scarcely be noticeable where the sights are short, as when running through heavy

forest cover or undergrowth, but it will be appreciable when reversing on long

sights in the open. The difference in the two forward pointings is four times the

error. As in the adjustment of the plate levels, an error in collimation may change

appreciably in a hot sun, unless the instrument is well shaded, due to unequal

temperatures within the instrumental parts that may cause disturbance in expan-

sion. When fully demonstrated under normal conditions, an error in collimation

may be corrected if needed, but it had better be left alone than to overadjust.

Make a record of what is done, including the direction of the adjustment, and

approximate amount in the turn of the capstan.

The sighting points should be at a considerable distance, the longer the line the

better, but balanced for distance back and forward so as not to require appreciable

change in focus â�¢ when turning from one to the other; both should be on low

vertical angle from the instrument.

Ascertain the exact forward point at the mean of the reversals from the rear

pointing. On any reversal then, the forward sighting shows double the actual

error of collimation, counting from the mean. The General Land Office solar

transits have the erecting eyepiece (image erect). Therefore the direction for

the correction of the cross-wire assembly should be apparently to increase the

error, but only in half amount.

For example, telescope direct, if the forward sighting is to the right of the true

â�¢ Models A, B, and C: Description of models, Manual Appendix n, section 78. Face the instrument,

level vial on the near side. Mounting screw at left; capstan adjustment at right. Models B and C: two

top slotted screws for mounting; capstan adjustment below, fitted with opposing spring Inserted. It is

helpful to use the reading glass when approaching good adjustment, to magnify the position of the bubble

ends with relation to the vial division lines; avoid overadjustment.

* The collimation may be checked for change from long to short focus, but this is strictly a maker's adjust-

ment.
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graduations; it intercepts the horizontal plane of the telescope, or instrumental 
"H. I.", at the line of sight of the telescope, and at the horizontal axis of the 
latter. 

There are five transit adjustments that may occasionally require a slight 
"touch up" in the field, but this should be seldom, and should be undertaken only 
with caution, and after ample demonstration, by performance, that the error is 
consistent under all normal conditions. 

Plate Levels 
1. To bring the plate levels into a plane that is normal to the vertical axis. 

An error is ordinarily first noticed in daily use, especially in solar transit orienta
tion, where the practice is to level with the solar unit on the west, reverse to solar 
unit on the east, or normal position, then, just prior to orientation, correct for 
level by just half the displacement of each bubble. If either bubble shows that 
it is consistently displaced slightly to one side on the reversals, especially when 
well shaded and in moderate temperatures, the error may be regarded as having 
been demonstrated, and may be corrected, if needed. A quarter-division displace
ment, when compensated in the manner described, represents not over 15" in 
adjustment. 

Carefully level the instrument using the telescope level, which is more sensitive 
than the plate levels. Then bring the plate levels into agreement.6 

Collimation 
2. To make the line of sight normal to the horizonta.l axis. A small error may 

scarcely be noticeable where the sights are short, as when running through heavy 
forest cover or undergrowth, but it will be appreciable when reversing on long 
sights in the open. The difference in the two forward pointings is four time8 the 
error. As in the adjustment of the plate levels, an error in collimation may change 
appreciably in a hot sun, unless the instrument i,s well shaded, due to unequal 
temperatures within the instrumental parts that may cause disturbance in expan
sion. When fully demonstrated under normal conditions, an error in collimation 
may be corrected if needed, but it had better be left alone than to overadjust. 
Make a record of what is done, including the direction of the adjustment, and 
approximate amount in the turn of the capstan. 

The sighting points should be at a considerable distance, the longer the line the 
better, but balanced for distance back aud forward so as not to require appreciable 
change in focus • when turning from one to the other; both should be on low 
vertical angle from the instrument. 

Ascertain the exact forward point at the mean of the reversals from the rear 
pointing. On any reversal then, the forward sighting shows double the actual 
error of collimation, counting from the mean. The General Land Office solar 
transits have the erecting eyepiece (image erect). Therefore the direction for 
the correction of the cross-wire assembly should be apparently to increase the 
error, but only in half amount. 

For example, telescope direct, if the forward sighting is to the right of the true 

I Models A., B, and C: Description of models, Manual A.ppendb: n, section 78. Face the Instrument, 
level vial on the near side. Mounting screw at left; capstan adjustment at right. Models B and C: two 
top Ilotted IClI'eWi for mounting; capstan adjustment below, fitted with opposing spring inserted. It Is 
helpfUl to use the readJni glass when approaching good adjustment, to magnify the pOSition of the bubble 
ends with relation to the vial division Unes; avoid overadjustment. 

I The oolUmation may be obecked for change from long to abort focus, but this Is stricti,. a maker'. adJuIt
IDIIlt. 
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472 MANUAL OF SURVEYING INSTRUCTIONS

mean, the reticle is to be moved to the right. The capstan screws are normal

right-handed screws, but are purposely slight and should not be strained under

any circumstance. First loosen the capstan that must be freed a partial turn

(usually not over He) to permit the tightening of the companion screw.* Check

carefully, and make certain not to overadjust.

Horizontal Axis

3. To make the horizontal axis normal to the vertical axis, or to correct any

inequality in the height of the standards. A slight error may not be noticeable

in taking ordinary sights, but will be manifest on reversals when sighting at ex-

treme vertical angles. In most cases there is little opportunity to make the

customary test under field conditions, probably the best check is to make the

reversals on Polaris when at elongation.8

The usual plan of reversals in the observing programs is designed to compensate

for small errors in this adjustment. It is well, occasionally, to reduce separately

each of any two azimuth observations of a pair. If there is an appreciable error

in this adjustment, the difference will be noted when making the separate reduc-

tions. In the event that an error in the adjustment of the horizontal axis seems

probable, a direct check should be made by the reversals on Polaris.

A discrepancy in the reductions in pairs, if consistent along with several such

tests, indicates an error in this adjustment. If the reductions of pairs of observa-

tions come out differently, it is a strong indication though not necessarily a proof

that an error is present in the horizontal axis, as other inaccuracies may enter

into the results. However, if the separate reductions compare well, it is usually

safe to conclude that the adjustment of the horizontal axis is in good order.

If the difference in the reversals of the horizontal axis is appreciable, it may be

corrected as follows:

If the adjustment is to go up, loosen the screws in the pivot cap and turn the

adjusting screw right handed until the horizontal axis is in the required position.

If it is already too high at point of adjustment, back the screw off a little and

again raise by a right hand turn to the correct position.' When the adjustment

is satisfactory, the screws in the pivot cap should be turned down just enough to

prevent looseness in the bearings.

The later transits model A are equipped with what the makers call "automatic

bearings" on the axle of the telescope. These include four small spiral springs,

completely enclosed, which supply slight friction to the bearing cap. The friction

provides a balance for the telescope in any position. The caps should be screwed

down to a snug fit, as the springs will prevent any binding of the axle. Any slight

rocking movement of the blocks need cause no concern as this will not affect the

accuracy of the adjustments.

The models B and C transits have the upper bearing blocks separate from the

T Note the additional caution that the prior adjustment here may have placed a strain on these capstans,

or on the vertical capstans, and/or the possibility that the collets through which the capstans play may not

move freely. If the adjustment docs not respond as it should, the vertical capstans may be freed slightly,

but equally, then tap the vertical collets very gently. After the adjustment for the direction of the sighting

has been accomplished, carefully reseat the vertical capstans. If all four capstans have been loosened at the

same time, or if there has been any tapping on the collets, carefully verify the position of the vertical wire

in true vertical alinement. Check on a plumb line, or sight on a sharp point and test by movement of the

telescope in vertical angle.

8 The reversals on Polaris may be made at any point in hour angle, provided that proper allowance is

made for the small differential in azimuth. A check at twilight is the best time for this test.

Â» Sometimes in making a downward adjustment it is necessary first to force the pivot block beyond the

point of perfect adjustment (by tightening the screws in the pivot cap, then loosen these screws before making

the upward turn at the point of adjustment).
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mean, the reticle is to be moved to the right. The capstan screws are normal 
right-handed screws, but are purposely slight and should not be strained under 
any circumstance. First loosen the capstan that must be freed a partial turn 
(usually not over ~e) to permit the tightening of the companion screw.' Check 
carefully, and make certain not to overadjust. 

Horizontal Axis 
3. To make the horizontal axis normal to the vertical axis, or to correct any 

inequality in the height of the standards. A slight error may not be noticeable 
in taking ordinary sights, but will be manifest on reversals when sighting at ex
treme vertical angles. In most cases there is little opportunity to make the 
customary test under field conditions, probably the best check is to make the 
reversals on Polaris when at elongation.s 

The usual plan of reversals in the observing programs is designed to compensate 
for small errors in this adjustment. It is well, occasionally, to reduce separately 
each of any two azimuth observations of a pair. If there is an appreciable error 
in this adjustment, the difference will be noted when making the separate reduc
tions. In the event that an error in the adjustment of the horizontal axis seems 
probable, a direct check should be made by the renrsals on Polaris. 

A discrepancy in the reductions in pairs, if consistent along with several such 
tests, indicates an error in this adjustment. If the reductions of pairs of observa
tions come out differently, it is a strong indication though not necessarily a proof 
that an error is present in the horizcntal axis, as other inaccuracies may enter 
into the results. However, if the separate reductions compare well, it is usually 
safe to conclude that the adjustment of the horizontal axis is in good order. 

If the difference in the reversals of the horizontal axis is appreciable, it may be 
corrected as follows: 

If the adjustment is to go up, loosen the screws in the pivot cap and turn the 
adjusting screw right handed until the horizontal axis is in the required position. 
If it is already too high at point of adjustment, back the screw off a little and 
again raise by a right hand turn to the correct position.' When the adjustment 
is satisfactory, the screws in the pivot cap should be turned down just enough to 
prevent looseness in the bearings. 

The later transits model A are equipped with what the makers call "automatic 
bearings" on the axle of the telescope. These include four small spiral springs, 
completely enclosed, which supply slight friction to the bearing cap. The friction 
provides a balance for the telescope in any position. The caps should be screwed 
down to a snug fit, as the springs will prevent any binding of the axle. Any slight 
rocking movement of the blocks need cause no concern as this will not affect the 
accuracy of the adjustments. 

The models Band C transits have the upper bearing blocks separate from the 

7 Note the additional caution that the prior adjustment here may have placed a strain on these capstans, 
or on the vertical capstans. and/or the possibility that the collets through which the capstans play may not 
move freely. If the adjustmpnt does not respond as It should, the vertical capstans may be freed slightly. 
but equally, then tap the vertical collets very gently. After the adjustment for the direction of the sighting 
has been accomplished, carefully reseat the vertical capstans. If all four capstan!! have been loosened at the 
same time, or If there has been any tapping on the collets, carefully verify the position of the vertical wire 
In true vertical allnement. Check on a plumb line, or sight on a sharp point and test by movement of the 
telescope in vertical angle. 

S The reversals on PolariS may be made at any point In hour angle, provided that proper allowance is 
made for the small differential in azimuth. A check at twilight 15 the best time for this test. 

9 Sometimes In ma1dng a downward adjustment It is necessary first to force the pivot block beyond the 
point of perfect adJustmen t (by tightening the screws In the pivot cap, then loosen these screws before makln ~ 
the upward turn at the point of adjustment). 
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standard cap. The standard cap is screwed solidly to the standards, and carries

in its center a capstan screw which presses against the upper bearing block. The

proper friction or brake action on the telescope axle is adjusted by tightening or

loosening these two capstan screws, one on top of each standard.

Identification and description of the instrument models: Manual Appendix

II, section 78.

4. Horizontal sighting: to be combined with:

5. Vernier of the vertical circle:

In (4) it is to adjust the transit for levelling; and in (5) it is to secure correct

vertical angle readings from true horizontal. On (4) alone the adjustment may

be secured either by movement of the vertical capstans of the reticle, or by adjust-

ment of the telescope level. Ordinarily, in the field, there is no good way to ascer-

tain which of the two movements should have preference; however, when combined

with (5) it is readily seen whether the vernier is in good position when the transit

is levelled with the telescope level (disregarding the sighting), or if the vernier is

in better position when the telescope is sighting in the true horizontal plane

(disregarding the telescope bubble). If (4) is in good position (disregarding ver-

tical angle readings) the adjustments should of course be left in that position, but

if a "touch up" is required, make it at the point to favor the vernier setting as it is.

If the transit is to be used for careful levelling, it will have to be tested for that

purpose. The first thing is to secure a true horizontal plane by any one of several

methods. If the telescope level is of the "reversion" type, simply take the mean

of the two horizontal sightings, telescope "direct" and telescope "reversed."

If the telescope level is not of the reversion type, the usual field practice is to

secure the exact difference of elevation of two points A and B, well separated on

nearly horizontal ground. This is done by placing the transit on the line between

the points and equally distant from them; level carefully by the telescope bubble,

and then take rod readings on both A and B; the difference in the rod readings will

be the true difference in elevation of the points. Next, make a transit set-up on

the line Aâ��B extended, near A but far enough away so that sharp focus may be

secured. Take the rod reading on A; then, set the target for the reading when in

true horizontal sighting on B, which will be the same as on A plus or minus the

differential.

The adjustment (4) may then be made, proceeding on the analysis previously

described as to which one of the two points of adjustment should be moved. If

this is to be done with the vertical capstans, note that with the erecting eye-piece

the movement of the reticle is to be in the direction apparently to increase the error,

and in full amount to sight in the true horizontal plane. Observe the same pre-

cautions as in making the adjustment for collimation.

If the adjustment (4) is to be made by movement of the telescope level, do the

sighting in the true horizontal plane and bring the bubble to center when the

sighting is in that position.

Vernier of the Vertical Circle

5. After the transit has been adjusted for levelling, note the readings of the vernier

of the vertical circle when sighting in the true horizontal plane, both in the direct and

reversed positions. If these are appreciably different than zero, opposite in

sign, and similar in amount, or nearly so, and if the vernier seems to be well

"fitted" to the circle, it is much safer to use the readings as index errors as so

much to be< , . , , , \ plus vertical angles, and as so much to be

[or subtracted fromj
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standard cap. The standard cap is screwed solidly to the standards, and carries 
in its center a capstan screw which presses against the upper bearing block. The 
proper friction or brake action on the telescope axle is adjusted by tightening or 
loosening these two capstan screws, one on top of each standard. 

Identification and description of the instrument models: Manual Appendix 
II, section 78. 

4. Horizontal lighting: to be combined with. 
5. Vemier of the vertical circle: 

In (4) it is to adjust the transit for levelling; and in (5) it is to secure correct 
vertical angle readings from true horizontal. On (4) alone the adjustment may 
be secured either by movement of the vertical capstans of the reticle, or by adjust
ment of the telescope level. Ordinarily , in the field, there is no good way to ascer
tain which of the two movements should have preference; however, when combined 
with (5) it is readily seen whether the vernier is in good position when the transit 
is levelled with the telescope level (disregarding the sighting). or if the vernier is 
in better position w hen the telescope is sighting in the true horizontal plane 
(disregarding the telescope bubble). If (4) is in good position (disregarding ver
tical angle readings) the adjustments should of course be left in that position, but 
if a "touch up" is required , make it at the point to favor the vernier setting as it is. 

If the transit is to be used for careful levelling, it \\' ill have to be tested for that 
purpose. The first thing is to secure a true horizontal plnne by anyone of Beveral 
methods. If the telescope level is of the" reversion" type, simply take the mean 
of the two horizontal sightings, telescope "direct" and telescope "reversed." 

If the telescope level is not of the reversion type, the usual field practice is to 
secure the exact difference of elevation of two points A and B, well separated on 
nearly horizontal ground. This is done by placing the transit on the line between 
the points and equally distant from them; level carefully by the telescope bubble, 
and then take rod readings on both A and B; the difference in the rod readings will 
be the true difference in elevation of the points. Next, make a transit set-up on 
the line A-B extended, near A but far enough away so that sharp focus may be 
secured , Take the rod reading on Aj then, set the target for the reading when in 
true horizontal sighting on B, which will be the same as on A plus or minus the 
differential. 

The adjustment (4) may then be made, proceeding on the analysis previously 
described as to which one of the two t>oints of adjustment should be moved. If 
this is to be done with the vertical capstans, note that with the erecting eye-piece 
the movement of the reticle is to be in the direction apparently to increase the error, 
and in full amount to sight in the true horizontal plane. Observe the same pre
cautions as in making the adjustment for collimation. 

If the adjustment (4) is to be made by movement of the telescope level, do the 
sighting in the true horizontal plane and bring the bubble to center when the 
sighting is in that position. 

Vernier of the Vertical Circle 
5. After the transit has been adjusted for levelling, note the readings of the yernier 

of the vertical circle when sighting in the true horizontal plane, both in the direct and 
reversed positions. If these are appreciably different than zero, oppm,ite in 
sign, and similar in amount, or nearly so, and if the vernier seems to be well 
"fitted" to the circle, it is much safer to use the readings as index errors as so 

{
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\ ,, , f minus vertical angles, direct position of the telescope. A

similar record for the reversed position.

The difficulties liable to be encountered in moving the vernier are the loss of

the proper space between the circle and vernier, thus changing the length of the

vernier in relation to the arc, and the danger of not setting the vernier concentric

with the circle. If the vernier is set too close there is grave danger of burring the

graduated edges of both circle and vernier.

Note also, in the event that it is necessary to reset the vernier, that frequently

the vernier does not seem to remain exactly where it is intended to place it;

careful watching is required for some time after making a change in the setting.

If the vernier readings in the direct and reversed positions are appreciably

different, it means there is an element of "eccentricity" in the relation of the center

of the graduations to the setting of the vertical circle on its horizontal axis, which,

if large, may be very troublesome. It can not be corrected in the field, but it

may be partly compensated if the circle can be thoroughly tested on known vertical

angles at intervals up to +60Â°.

Errors in vertical angle readings may be undetected unless a test is made for

that purpose. If there is freedom from eccentricity, then the test (4) and the

mean of direct and reversed readings, after applying the index error as noted

above, should be in close agreement, and reasonably accurate for altitude observa-

tions. However, if the index corrections as determined by the tests (4) and (5)

have not been correctly applied, and/or the compensation for eccentricity allowed

for, if present, taking the mean of the reversals does not eliminate these errors.10

One other point. In the tests (4) and (5), the direct and reversed readings

may be in close agreement, seemingly good but at the same time fail to show an

eccentric mounting when the points of zero correction are in a vertical line,

telescope horizontal. If that should be the case, an error of eccentricity does not

become manifest in the tests until taken in the positions such as Â±40Â° vertical

angle.

There are two methods of ordinary field practice that will demonstrate an

error in vertical angle reading, i. e.â��that the readings are not counted strictly

from the true horizontal plane. The first is by latitude observation on Polaris

as checked against a meridian altitude observation on the sun, for latitude, or a

latitude observation on a star within the equatorial belt, or either as checked

against a known true latitude. The second is to check an altitude observation

for azimuth on the sun or a star southeasterly against an observation southwest-

erly. Taking the mean by either method will accomplish a compensation. If

successive comparisons show consistent differences then it may be regarded as

demonstrated that even though the adjustments (4) and (5) have been made,

and the index corrections properly applied, there is still present an uncompensated

factor in eccentricity.

The equal altitude observation accomplishes a complete elimination of error

in both (4) and (5); also, an error due to eccentricity. The more nearly the

azimuth observation southeasterly, as above, can be brought into balance with

the southwesterly, the more nearly complete will be the compensation for such

" It can be accomplished If the vertical circle has two double opposite verniert, but the General Land Office

solar transit Is equipped with just one double vernier.
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similar record for the reversed position. 
The difficulties liable to be encountered ill moving the vernier are the 1088 of 

the proper space between the circle and vernier, thus changing the length of the 
vernier in relation to the arc, and the danger of not setting the vernier concentric 
with the circle. If the vernier is set too close there is grave danger of burring the 
graduated edges of both circle and vernier. 

Note also, in the event that it is necessary to reset the vernier, that frequently 
the vernier does not seem to remain exactly where it is intended to place it; 
careful watching is required for some time after making a change in the setting. 

If the vernier readings in the direct and reversed positions are appreciably 
different, it means there is an element of "eccentricity" in the relation of the center 
of the graduations to the setting of the vertical circle on its horizontal axis, which, 
if large, may be very troublesome. It can not be corrected in the field, but it 
may be partly compensated if the circle can be thoroughly tested on known vertical 
angles at intervals up to + 60°. 

Errors in vertical angle readings may be undetected unless a test is made for 
that purpose. If there is freedom from eccentricity, then the test (4) and the 
mean of direct and reversed readings, after applying the index error as noted 
above, should be in close agreement, and reasonably accurate for altitude observa
tions. However, if the index corrections as determined by the tests (4) and (5) 
have not been correctly applied, and/or the compensation for eccentricity allowed 
for, if present, taking the mean of the reversals does not eliminate these errors.10 

One other point. In the tests (4) and (5), the direct and reversed readings 
may be in close agreement, seemingly good but at the same time fail to show an 
eccentric mounting when the points of zero correction are in a vertical line, 
telescope horizontal. If that should be the case, an error of eccentricity does not 
become manifest in the tests until taken in the positions such as ± 40° vertical 
angle. 

There are two methods of ordinary field practice that will demonstrate an 
error in vertical angle reading, i. e.-that the readings are not counted strictly 
from the true horizontal plane. The first is by latitude observation on Polaris 
as checked against a meridian altitude observation on the sun, for latitude, or a 
latitude observation on a star within the equatorial belt. or either as checked 
against a known true latitude. The second is to check an altitude observation 
for azimuth on the sun or a star southeasterly against an observation southwest
erly. Taking the mean by either method will accomplish a compensation. If 
successive comparisons show consistent differences then it may be regarded as 
demonstrated that even though the adjustments (4) and (5) have been made, 
and the index corrections properly applied, there is still present an uncompensated 
factor in eccentricity. 

The equal altitude observation accomplishes a complete elimination of error 
in both (4) and (5); also, an error due to eccentricity. The more nearly the 
azimuth observation southeasterly, as above, can be brought into balance with 
the southwesterly, the more nearly complete will be the compensation for such 
errors. 

10 It caD be accompllshed U the vertical circle has two doublt 0pPQlUe lemUr •• but the General Land Omca 
IOIar ullnslt Is equipped with Just one double vernier. 
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The Magnetic Needle

The Manual comments on the legitimate uses of the compass, sections 40,

41, 236 item 19, and Appendix II, section 40, presume that the needle is in good

order, and that all needed tests have been made.

A sluggish needle indicates weak magnetism or a dull pivot, or both. If the

needle is properly active and oscillates freely, the next tests are for balance and

straightness. The correction for balance is to move the weight toward the high

end. Note carefully whether the cover glass is a simple cover, held by a bezel

ring, or if it is a screw cover. The needle should be tested also for straightness

and for the centering of the pivot. To test for straightness, read the angle

between the two ends, first with the needle in normal position, then when turned

end for end. This difference will be twice the error, and indicates the needle is

bent one half that amount. If corrected the two ends of the needle should be 180Â°

apart, providing the pin is in the center of the circle. To test the center pin read

both ends of the needle at 0Â° and 180Â°, then turn instrument and test at 90Â°.

Both ends of the needle should read exactly opposite in all instances; if not the

pivot is bent.

THE STAR MAGNITUDES, AND THE PLANETS

61. A first magnitude star is rated as 1.0; second magnitude 2.0; etc. Brighter

than first magnitude is rated, as Capella, 0.2; slightly brighter, as Vega, 0.1;

much brighter, as Canopus, â��0.9; or still brighter, as Sirius, â��1.6; on this scale

a magnitude of 2.2 is rated for Polaris. This detail is an important feature of

identification.

As an additional aid in star identification, it is helpful to note the positions of

the bright planets Venus, Mars, Jupiter, and Saturn. The times of their transits,

and their approximate declinations, are tabulated in the Epheuieris for the first

and sixteenth day of eacli month. The planets are "wanderers", i. e.â��very

changeable in position, so that the interpolations between the dates will be rough,

close enough however for identification; their travel in the sky, from week to week,

will be readily noted on acquaintance with them. The proximities of the planets

to the selected stars, up to about 40 minutes in time of transit and 10Â° difference

in declination are shown, in the tabulations, by footnote-reference.

The planets will appear differently in the telescope, Venus, very bright and

slightly crescent when farthest from the sun, though not so bright, but decidedly

crescent when near the sun. Mars is always an infrared, or dull red, in color,

bright when the transit is near the midnight hour, but Mars is scarcely noticeable

when its transit is within two or three hours of noon. Jupiter is very bright when

passing the meridian any time from 9 p. m. to 3 a. m., and then in that position

some of its several moons will always be in evidence, easily noticed on sharp focus.

Saturn, similarly, though not so bright, has its "rings", but no moons. As in the

case of Mars, Jupiter and Saturn are scarcely noticeable during the periods when

their meridian passage occurs between 9 a. m. and 3 p. m., as their positions are

then so far distant from the earth.

If a star identification is to be made naked-eye from the constellations, then

the nearby planet or planets should be noted, and accounted for by appearance.

If the star is identified instrumentally, by settings in horizontal and vertical

angle, then the noting of the relation to the nearby planet, or planets, is one of

the best ways in which to become acquainted with the latter.
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The Magnetic Needle 
The Manual comments on the legitimate uses of the compass, sections 40, 

41, 236 item 19, and Appendix II, section 40, presume that the needle is in good 
order, and that all needed tests have been made. 

A sluggisb needle indicates weak magnetism or a dun pivot, or both. If the 
needle is properly active and oscillates freely, the next tests are for balance and 
straightness. The correction for balance is to move the weight toward the high 
end. Note carefully whether the cover glass is a simple cover, held by a bezel 
ring, or if it is a screw cover. The needle should be tested also for straightness 
and for the centering of the pivot. To test for straightness, read the angle 
between the two ends, first with the needle in normal position, then when turned 
end for end. This difference will be twice the error, and indicates the needle is 
bent one half that amount. If corrected the two ends of the needle should be 180° 
apart, providing the pin is in the center of the circle. To test the center pin read 
both ends of the needle at 0° and 180°, then tum instrument and test at 90°. 
Both ends of the needle should read exactly opposite in all instances; if not the 
pivot is bent. 

THE STAR MAGNITUDES, AND THE PLANETS 
61. A first magnitude star is rated as 1.0; second magnitude 2.0; etc. Brighter 

than first magnitude is rated, as Capella, 0.2; slightly brighter, as Vega, 0.1; 
much brighter, as Canopus, -0.9; or still brighter, as Sirius, -1.6; on this scale 
a magnitude of 2.2 is rated for Polaris. This detail is an important feature of 
identification. 

As an additional aid in star identification, it is helpful to note the positions of 
the bright planets Venus, Mars, Jupiter, and Saturn. The times of their transits, 
and their approximate declinations, are tabulated in the Ephemeris for the first 
and sixteenth day of each month. The planets are "wanderers", i. e.-very 
changeable in position, so that the interpolations between the dates will be rough, 
close enough however for identification; their travel in the sky, from week to week, 
will be readily noted on acquaintance with them. The proximities of the planets 
to the selected stars, up to about 40 minutes in time of transit and 10° difference 
in declination are shown, in the tabulations, by footnote-reference. 

The planets will appear differently in the telescope, Venus, very bright and 
slightly crescent when farthest from the sun, though not so bright, but decidedly 
crescent when near the sun. Mars is always an infrared, or dull red. in color, 
bright when the transit is near the midnight hour, but Mars is scarcely noticeable 
when its transit is within two or three hours of noon. Jupiter is very bright when 
passing the meridian any time from 9 p. m. to 3 a. m., and then in that position 
some of its several moons will always be in ~vidence, easily noticed on sharp focus. 
Saturn, similarly, though not so bright, has its "rings", but no moons. As in the 
case of Mars, Jupiter alld Saturn are scarcely noticeable during the periods when 
their meridian p&'3sage occurs between 9 a. m. and 3 p. m., 88 their positions are 
then so far distant from the earth. 

If a star identification is to be made naked-eye from the constellations, then 
the nearby planet or planets should be noted, and accounted for by appearance. 
If the @tar is identified instrumentally, by settings in horizontal and vertical 
angle, then the noting of the relation to the nearby planet, or planets, is one of 
the best ways in which to become acquainted with the latter. 
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REDUCTION FROM RIGHT ASCENSION TO

GREENWICH MEAN TIME

62. Example of computation (for the tabulation in the Ephemeris) of the

Greenwich mean time of the meridian transit of the star "No. 25/49, a Aquilse

(Altair), Mag. 0.9, on Sept 16, 1945:

Eight ascension, or sidereal time of meridian transit, Sept. 16, 1945, from the American J24i>

Ephemeris and Nautical Almanac, p. 316 Il9'48â�¢07.7"

Sidereal time of Ob civil time, at Greenwich, same date, same reference, p. 12 (also, tabu-

lated in the American Nautical Almanac, p. 3).. 23b38m18.3"

Sidereal time interval 20i>09n49.4>

Reduction to mean time interval (from the American Ephemeris, table II, pp. 535 to

f.37, or the Nautical Almanac, table V, pp. 287 and 288; condensed on p. 27 of the

Ephemeris, and table 19, Standard Field Tables, p. 207)... -3Â«18.2>

Mean time interval 20>ti6Â°>31.2"

Subtract for p. m â��12>>

Star's Greenwich meridian transit, civil date, and mean time, Sept. 10,1945

Tabulated in the Ephemeris as _* _

8>>06Â»3i.2> p.m.

8i>06.5Â» p. m.

EXAMPLES OF COMPUTING HOUR ANGLES OF POLARIS,

BOTH WEST AND EAST OF MERIDIAN, WITH DIAGRAMS

4'29.2=> a. m.

^"OS^â�¢ a. m

-1.3

= 4 27.9 a. m

66. Examples of computing hour angles of Polaris; all taken out for longitude

117Â°1V W.:

West of the meridian, p. m. obsn., U. C. in p. m.

= 5h20.1â�¢ p. m.

â� =3h 52.0" p. m.

-= â�� 1.3 =3 50.7 p.m.

Feb. 18, 1945,1. m. t. of obsn.

Or. U. C, same date

Rfd. for long.

Hour angle, west

West of the meridian, p. m. obsn., U. C. In a. m.

May 14, 1945, I. m. t. of obsn.

=1129.4â�¢

Gr. U. C, same date

Red. for long.

ITonr angle, west

= 10M7.5Â»a. m.

- -1.3

J+12

| 7M2.4" p. m.

10 16.2 a. m.

West of the meridian, a. m. obsn., TJ. C. in p. m

Nov. 3, 1945, 1. m. t. of obsn.

f+12

I 61>31.6Â»

Gr. V. C, Nov. 2

Red. for long.

â�¢a. m.

= 10b59.7Â»p. m.

â��1.3 = 10 58.4 p. m

Hour angle, west

= 7k33.2Â»

West of the meridian, a. m. obsn., TJ. C. in a. m.

Aug. 11, 1945, 1. m. t. of obsn.

Gr. TJ. C, same date

Red. for long.

Hour angle, west

=0h38.0Â»
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REDUCTION FROM RIGHT ASCENSION TO 
GREENWICH MEAN TIME 

62. Example of computation (for the tabulation in the Ephemeris) of the 
Greenwich mean time of the meridian transit of the star "No. 25/49, ex Aquilm 
(Altair), Mag. 0.9, on Sept 16, 1945: 

Right 85censlon, or sidereal time of meridian transit, Sept. 16, 194.5, from the American 
Ephemeris and Nautical Almanac, p. 316 _____________________ . _____________________ _ {

24h 
19h48m07.'71 

Sidcreal time of Oh civil time, at Greenwich. same date, same reference, p. 12 (also, tabu-
lated in the American Nautical Almanac, p. 3). ________________________________ ..... 

Sidereal time Interval .. ____________________________ . __________________________ ._ 

Reduction to mean time intrrval (from the American Ephemeris, table II, pp. 535 to 
537, or the Nautical Almanac, table V, pp. 287 and 288; condensed on p. 27 of the 
Ephrmeris, and table 19. Standard Field Tables, p. 207) .. __________________________ _ 

Mean time interval. __________________________________________ ._ • __ • _______ • __ ._ 
Subtract for p. m ___________ ••• _. ___ •••• __ • __ •••••• _. ___ • _____ • _________________ • _____ -12h 

Star's Gr~nwich meridian transit. ci'l"il dotr. and mean time, Sept. 16, 19411.____ 8b()6"31.2" p.m. 
Tabulated In the Ephemeris 85. ______________ ._. ____ • _________ :______________________ 8h06 . .5'" p. m. 

EXAMPLES OF COMPUTING HOUR ANGLES OF POLARIS, 
BOTH WEST AND EAST OF MERIDIAN, WITH DIAGRAMS 

66. Examples of computing hour angles of Polaris; all taken out for longitude 
117°1')' W.: 
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West of the meridian. p. m. obsn., U. C. in p. m. 

FC'h. 18, 1945, 1. m. t. of oban. 
(Jr. U. ('., same date 
Hfd. ror long. 

flour angle, west 

~5h2O.1'" p. m. 
=3h 52.0'" p. m. 
- - 1.3 =350.7 p. m. 

=l h29.4m _____ _ 

West of the meridian, p. m. obsn., U. C.ln a. m. 

May 14.1945,1. m. t. ofobsn. -{+12 
7h12.4m p. m. 

Gr. U. C .• same date 
Red. for long. 

flour angle. west 

=10hI7.llm a. m. 
... -1.3 1016.2 a. m. 

West of the meridian. a. m. obsn .• U. C. in p. m. 

Nov. 3, 194.5, I. m. t. of obsn. 

Or. U. C., Nov. 2 
Red. for long. 

IIour angle, west 

-{+!2 
6h31.6m a. m. 

-10h59.7m p. m. 
-1.3 .. 10 58.4 p. m. 

West of the meridian, a. m. obsn .• U. C. In a. m. 

Aug. 11, 1945, 1. m. t. of obsn. 
Or. U. C., same date 
Red. for long. 

Hour angle, west 

-1)b()5.9" a. m 
-=4h29.2m a. m. 

-1.3 .. 4 27.9 a. m. 
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East of the meridian, p. m. obsn., U. C. in p. m.

Or. U. C, Dec. 20,1945

Red. for long.

L. M. T. of TJ. 0., Dec. 20

L. M. T. of obsn., same date

= 7h 50.5" p. m.

- -1.3

= 7 49.2 p.m.

-4 35.1 p. in.

Hour angle, east

East of the meridian, p. m. obsn., U. C. in a. m.

Or. TJ. C, Sept. 2, 1945

Red. for long.

L. M. T. ofTJ. C, Sept. 2

L. M. T. of obsn., Sept. 1

Hour angle, east

- 3' 3.0Â» a. m.

-1.3

-J 3 1.7

1+12

a. m.

6 34.0 p. m.

8>>27.7Â»

East of the meridian, a. m. obsn., TJ. C. in p. m.

Or. TJ. C, Mar. 19, 1945

Red. for long.

L. M. T. of U. C, Mar. 19

L. M. T. of obsn., same date

Hour angle, east

1'57.6Â«

-1.3

p. m

1 56.3

+12

6 6.6

p. m

a. m

East of the meridian, a. m. obsn., TJ. C. in a. m.

Or. TJ. C, May 18,1945

Red. for long.

L. M. T. of TJ. C, May 18

L. M. T. of obsn.

Hour angle, east

= 10' 1.8Â» a. m.

-1.3

-10 0.S a. m.

= 4 42.9 a. m.

5M7.6"

DEVELOPMENTS OF THE SOLAR UNIT

78. The several models of instruments that have been used extensively in the

subdivision of the public lands of the United States, as designed for instrumental

orientation in parallel position with the pole-zenith-sun celestial triangle.

The Burt solar compass, 1836 to 1914: an outstanding improvement over

the needle compass; an excellent instrument on the prairies and in the woods,

fully capable of performing within the accuracy that was required during the

period of its use. It was not equipped for making stellar observations, and was

not suited to rough mountain country.

The engineer's transit, 1885 to 1900: equipped with the Burt solar attachment

mounted on the transit telescope. This adapted the theory of instrumental

orientation to the transit, but did not add to the accuracy. The solar compass

performed with much greater speed, and with more stability of adjustment.

The engineer's transit, 1886 to 1910: equipped with the Smith solar attachment

mounted on one standard; four-point base; declination tangent motion by long

screw, ball and socket construction; latitude clamp operating on the frame of

the solar unit. This combined the speed of the solar compass with the facilities
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East of the meridian, p. m. ohsn., U. C. In p. m. 

Or. U. C., Dec. 20, 1945 
Red. for long. 

L. M. T. of U. C., Dec. 20 
L. M. T. of ohsn., same date 

Hour angle, east 

_7b 50.5111 p. m. 
=- -1.3 

-7 49.2 p. m. 
-4 35.1 p. m. 

=3 b 14.1111 

East of the meridian, p. m. obsn., U. C. In a. m . 

Or. U. C., Sept. 2, 194.5 
Red. for long. 

L. M. T. of U. C., Sept. 2 

L. M. T. ofobsn., Sept. 1 

Hour angle, east 

3.3.0- a. m. 
-1.3 

-{ 3 1.7. a. m. 
+12 

634.0 p. m. 

East of the meridian. a. m. obsn., U. C. In p. ID . 

Or. U. C., Mar. 19, 1946 
Red. for Jong. 

L. M. T. of U. C., Mar. 19 

L. M. T. of obsn., same date 

Hour angle, east 

I b57.6'" p. m. 
-1.3 

{
- 1 ~.3 p. m. 

+12 
6 6.6 a. m. 

East of the meridian, a. m. obsn., U. C. In a. m . 

Or. U. C., May 18, 19~ 
Red. for Jong. 

L. M. T. of U. C., May 18 
L. M. T. of obsn. 

Hour angle, east 

~ lOb 1.8'" a. m. 
-1.3 

-10 0.6 a. m. 
- 442.9 a. m. 

DEVELOPMENTS OF THE SOLAR UNIT 
78. The several models of instruments that have been used extensively in the 

subdivision of the public lands of the United States, as designed for instrumental 
orientation in parallel position with the pole-zenith-sun celestial triangle. 

The Burt solar compass, 1836 to 1914: an outstanding improvement over 
the needle compass; an excellent instrument on the prairies and in the woods, 
fully capable of performing within the accuracy that was required during the 
period of its use. It was not equipped for making stellar observations, and was 
not suited to rough mountain country. 

The engineer's transit, 1885 to 1900: equipped with the Burt solar attachment 
mounted on the transit telescope. This adapted the theory of instrumental 
orientation to the transit, but did not add to the accuracy. The solar compass 
performed with much greater speed, and with more stability of adjustment. 

The engineer's transit, 1886 to 1910: equipped with the Smith solar attachment 
mounted on one standard; four-point base; declination tangent motion by long 
screw, ball and socket construction; latitude clamp operating on the frame of 
the solar unit. This combined the speed of the solar compass with the facilities 
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478 MANUAL OF SURVEYING INSTRUCTIONS

of the transit for running lines. It was well suited to rough mountain country.

It lacked certain details of construction required in making stellar observations,

and for the exact field adjustment of the solar unit.

An engineer's transit, 1900 to 1914: fully equipped for making stellar observa-

tions for time, latitude, and azimuth; the Smith solar unit. This provided the

means for making altitude observations on the sun, aiding greatly in checking

and verifying the performance of the solar unit. This model, as heretofore,

lacked esssential detail for the exact field adjustment of the solar unit; the need

for the re-design of the solar unit became apparent.

A. The General Land Office Solar Transit, 1914 to 1945. Transit fully equipped

for making stellar observations for time, latitude, and azimuth, including altitude

observations on the sun. Essentially the Smith solar unit, but with a three-

point Dase; striding level adjustment; re-design of the clamp and tangent motion

for the declination arc. This instrument has been thoroughly well-adapted to

the public-land surveying practice, adding very considerably to the accuracy

of the solar orientation. The long-continued and widespread use of this instru-

ment provided the experience that was required in order to trace and demonstrate

residual errors of construction and adjustment, if present in individual instru-

ments of this series. â�¢

B. The General Land Office Solar Transit, 1937 to 1945. Transit specifica-

tions as in model A. A telescopic solar unit, combining the principles of the

Smith solar, but with a three-point base; declination clamp as in model A; latitude

clamp operating on the latitude axis; complete field adjustment by the prime

vertical method; striding levels eliminated.

C. The General Land Office Solar Transit, 1946. Transit specifications as in

model A, and for the first time in any surveying instrument, a solar circle in the

reticle of the transit telescope. The solar unit as in model B, excepting that the

declination clamp operates on the reflector axis; improved mechanical construction

including means for setting the declination vernier without disturbing the radius

and the concentric mounting with relation to the arc; greatly improved optical

construction in the solar telescope.

ADJUSTMENT OF THE SOLAR UNIT

79. Before starting in with the adjustments it should be determined that the

solar telescope revolves smoothly in its collar bearings, neither too tight nor too

loose; that there is free and smooth motion to the latitude and declination arcs;

that the clamps are positive, and the tangent motions smooth; that the eyepiece

is carefully focused upon the cross wires; and, that the objective is carefully

focused upon a distant object, then secured in this position."

If the general adjustments, accomplished as hereinafter described, have not

been disturbed appreciably, there are only three field tests preliminary to checking

the solar unit for orientation. Two of these are made by the prime vertical method,

more fully described under that heading; the third is the noon observation.

(1) To ascertain whether the line of collimation of the solar telescope (or polar

axis) is truly parallel to the vertical plane of the transit telescope when the solar

is set and clamped in the latitude of the station. Any difference here is a constant,

i. e.â��any discrepancy to the right or to the left should remain the same in all

orientation, both a. m. and p. m.

â�¢J Models A and C: the eyepiece turns freely, and has a pin which travels in a guide slot; this pin is not a

clamp. The objective may be moved by first loosening, then pushing the screw, which will be found to

travel in a guide slot near the lower (or left hand) collar bearing. Model B: the focus is secured by the

movement of the whole eyepiece assembly; grasp the upper portion of the telescope tube which slides

within the lower portion. There is no set screw for this focus adjustment.
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of the transit for running lines. It was well suited to rough mountain country. 
It lacked certain details of construction required in making stellar observations, 
and for the exact field adjustment of the solar unit. 

An engineer's transit, 1900 to 1914: fully equipped for making stellar observa
tions for time, latitude, and azimuth; the Smith solar unit. This provided the 
means for making altitude observations on the sun, aiding greatly in checking 
and verifying the performance of the solar unit. This model, as heretofore, 
lacked esssential detail for the exact field adjustment of the solar unit; the need 
for the re-design of the solar unit became apparent. 

A. The General Land Office Solar Transit, 1914 to 1945. Transit fully equipped 
for making stellar observations for time, latitude, and azimuth, including altitude 
observations on the sun. Essentially the Smith solar unit, but with a three
point base; striding level adjustment; re-design of the clamp and tangent motion 
for the declination arc. This instrument has been thoroughly well-adapted to 
the public-land surveying practice, adding very considerably to the accuracy 
of the solar orientation. The long-continued and widespread use of this instru
ment provided the experience that was required in order to trace and demonstrate 
residual errors of construction and adjustment, if present in individual instru-
ments of this series. • 

B. The General Land Office Solar Transit, 1937 to 1945. Transit specifica
tions as in model A. A telescopic solar unit, combining the principles of the 
Smith solar, but with a three-point base; declination clamp as in model A; latitude 
clamp operating on the latitude axis; complete field adjustment by the prime 
vertical method; striding levels eliminated. 

C. The General Land Office Solar Transit, 1946. Transit specifications as in 
model A, and for the first time in any surveyino £nstrt~ment, a solar circle in the 
reticle of the transit telescope. The solar unit as in model B, excepting that the 
declination clamp operates on the reflector a»is; improved mechanical construction 
including means for selting the declination vernier without disturbing the radius 
and the concentric mounting with relation to the arc; greatly improved optical 
con&truction in the solar telescope. 

ADJUSTMENT OF THE SOLAR UNIT 
79. Before starting in with the adjustments it should be determined that the 

solar telp:-lcope revolves smoothly in its collar bearings, neither too tight nor too 
loose; that there is free and smooth motion to the latitude and declination arcs; 
that the clamps are positive, and the tangent motions smooth; that the eyepiece 
is carefully focused upon the cross wires; and, that the objective is carefully 
focused upon a. distant object, then secured in this position.ll 

If the general adjustments, accomplisQed as hereinafter described, have not 
been disturbed appreciably, there are only three field tests preliminary to checking 
the solar unit for orientation. Two of these are made by the prime vertical method, 
more fully described under that heading; the third is the noon observation. 

(1) To ascertain whether the line of collimation of the solar telescope (or polar 
axis) is truly parallel to the vertical plane of the transit telescope when the solar 
is set and clamped in the latitude of the station. Any difference here is a constant, 
i. e.-any discrepancy to the right or to the left should remain the same in all 
orientation, both a. m. and p. m. 

11 Models A and C: the eyepiece turns freely, and has a pin which travels In a guide slot; this pin Is not a 
clamp. The objective may be moved by first loosening, then pl18hlng the screw, which will be found to 
travel In a guide slot near the lower (or left hand) collar bearing. Mo~el B: the focos Is secured by the 
movement of the whole eyepiece assembly; grasp the upper portion of the telescope tube which slides 
within the lower portion. There Is DO I8t screw for this focus adjustment. 
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ADJUSTMENT OF THE SOLAR UNIT 479

Select a suitable sighting point, then in order to find its reflected image, deter-

mine the vertical angle counting from the H. I. of reflector; compute the setting

for a north declination on the value: sin 5=sin <p sin v.

Start with the main telescope on the sighting point, plate reading at zero,

reflector in the direction of the sighting point; the solar telescope clamped in the

latitude of the station; a north declination set on the above value.

On the first check, turn the transit 90Â°, and turn the solar telescope in hour

angle to pick up the image of the sighting point." Next, set the central equa-

torial-wire on the image of the sighting point by movement of the declination

tangent motion. This brings the solar unit in a position for beginning the rever-

sals, alternately at 90Â° to the right and left of the line from the transit station to

the sighting point.

In making the reversals, each on the exact plate setting of 90Â°, correct as neces-

sary, half on the declination tangent motion, half on the lower tangent motion of

the transit. When good in both positions, set back to zero on the horizontal

plate. Observe the sighting point; if good in the main telescope, the adjustment

for parallelism in this latitude is good. If the main telescope is to one side of the

sighting point, note which side, and the amount; that will be the discrepancy in

parallelism for the latitude of the station.

Ordinarily no change in the adjustment should be made at this stage, nor until

it has been demonstrated that there is a consistent discrepancy that can be

improved by a "touch up" adjustment. Before doing that analyze the results

given by the prime vertical method for parallelism both in this position and in

zero latitude to ascertain which of the two points of adjustment can be improved.

(2) To ascertain the index error of the declination arc, suitable for the date,

and for the range of the sun's declination in that immediate period. In this test

the solar telescope is set and clamped in zero latitude. The declination arc is set

at or near the desired declination.

If the sighting point is in the horizon, the angle to be turned on the plates for

the successive reversals will be 90Â° Â±S; plus for north declination; minus for south

declination. If the sighting point is above the horizon, the value of the angle to

be turned on the plates should be determined by the equation: cos A= > "A"

cos V

being the horizontal angle counting from the sighting point. The equation gives

the right supplemental value for the plate angles for the same north or south

declinttion value; over 90Â° for north declination; less than 90Â° for south declina-

tion.

Start with the main telescope on the sighting point, plate reading at zero,

reflector in the direction of the sighting point. On the first check, turn the solar

telescope in hour angle, and pick up the sighting point by the tangent motion of

the declination arc. On the subsequent reversals, each on the exact plate setting

as determined by the equation, correct as necessary, half on the declination tan-

gent motion, half on the lower tangent motion of the transit. When the sighting

point is in good position on the reversals, without having to change the tangent

motions as described, read the declination arc carefully. The difference between

this reading and the value of the declination that was used in the equation is the

exact index error for that position in declination; this gives the index error to

employ for that date or period.

(3) To ascertain the instrumental latitude of the station. The instrumental

latitude is the one observed by the solar unit at apparent noon. It may agree

Â»It Is usually helpful to shade the reflector so as to protect it from all light excepting those rays coming

from the direction of the sighting point.
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Select a suitable sighting point, then in order to find its reflected image, deter
mine the vertical angle counting from the H. I. of reflector; compute the setting 
for a north declination on the value: sin ~=sin '" sin v. 

Start with the main telescope on the sighting point, plate reading at zero, 
reflector in the direction of the sighting point; the solar telescope clamped in the 
latitude of the station; a north declination set on the above value. 

On the first check, turn the transit 90°, and tUrn the solar telescope in hour 
angle to pick up the image of the sighting point.12 Next, set the central equa
torial-wire on the image of the sighting point by movement of the declination 
tangent motion. This brings the solar unit in a position for beginning the rever
sals, alternately at 90° to the right and left of the line from the transit station to 
the sighting point. 

In making the reversals, each on the exact plate setting of 90°, correct as neces
sary, half on the declination tangent motion, half on the lower tangent motion of 
the transit. When good in both positions, set back to zero on the horizontal 
plate. Observe the sighting point; if good in the main telescope, the adjnstment 
for parallelism in this latitude is good. If the main telescope is to one side of the 
sighting point, note which side, and the amount; that will be the discrepancy in 
parallelism for the latitude of the station. 

Ordinarily no change in the adjustment should be made at this stage, nor until 
it has been demonstrated that there is a consistent discrepancy that can be 
improved by a "touch up" adjustment. Before doing that analyze the results 
given by the prime vertical method for parallelism both in this pOl'lition and in 
zero latitude to ascertain which of the two points of adjustment can be improved. 

(2) To ascertain the index error of the declination arc, suitable for the date, 
and for the range of the sun's declination in that immediate period. In this test 
the solar telescope is set and clamped in zero latitude. The declination arc is set 
at or near the desired declination. 

If the sighting point is in the horizon, the angle to be turned on the plates for 
the succeBBive reversals will be 90° ± ~; plus for north declination; minus for south 
declination. If the sighting point is above the horizon, the value of the angle to 

. sin ~ 
be turned on the plates should be determmed by the equation: cos A=--, "A" 

cos v 
being the horizontal angle counting from the sighting point. The equation gives 
the right supplemental value for the plate angles for the same north or south 
declinltion value; over 90° for north declination; less than 90° for south declina
tion. 

Start with the main telescope on the sighting point, plate reading at zero, 
reflector in the direction of the sighting point. On the first check, turn the solar 
telescope in hour angle, and pick up the sighting point by the tangent motion of 
the declination arc. On the subsequent reversals, each on the exact plate setting 
as determined by the equation, correct as necessary, half on the declination tan
gent motion, half on the lower tangent motion of the transit. When the sighting 
point is in good position on the reversals, without having to change the tangent 
motions as described, read the declination arc carefully. The difference between 
this reading and the value of the declination that was nsed in the equation is the 
exact index error for that position in declination; this gives the index error to 
employ for that date or period. 

(3) To ascertain the instrumental latitude of the station. The instrumental 
latitude is the one observed by the solar unit at apparent noon. It may agree 

u It Is usually helpful to shade the reflector so as to protect It from all Ught excepting those rays comJng 
from the dIrect10D of the sighting point. 
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with, or it may be slightly more or less than the true latitude. The instrumental

latitude is the one to employ in solar orientation, as this value disposes of any

possible discrepancy between exact zero setting for latitude (index error at hori-

zontal) and correct reading for the station.

With the instrument carefully levelled and set in the meridian, and having

carefully set the declination arc for the sun's noon declination for that date, with

refraction duly added to a north decimation, or subtracted from a south declina-

tion, and with the index error of the declination arc determined as above explained

(2), duly applied to the declination as calculated, bring in the sun at meridian

passage with the tangent motion of the latitude arc. The reading of the latitude

arc will then be the proper instrumental latitude. This is tested daily in regular

field practice.

Orientation

The solar unit is now ready for p. m. and a. m. tests for orientation, by com-

parison with a carefully determined meridian. Any discrepancy in (1) will be

a constant, as already noted. A discrepancy in either (2) or (3) will result in a

variable orientation (Manual sec. 83; table 22, Standard Field Tables).

If the field tests (1), (2), and (3) have been carried through successfully, the

solar should give satisfactory orientation within the Manual tolerance (1'30"

during the usual hours), without going through the general adjustments.

The tests for orientation should duplicate actual line practice on the survey.

Care in levelling, and close setting of the arcs to the nearest half-minute'; every-

thing counts just as in making an altitude observation for azimuth, recalling that

the variables in the latter will also be appreciable and can be brought within

small limits only by close attention to every element of the observation.

The general adjustments are designed for the instrument assembly in the

beginning, and after repairs have been made, or in remounting a solar unit if it

has been removed. These give attention to the correct relation of all working

parts, good for any latitude. The general tests and adjustments are made after

the return of an instrument at the end of a long season; after cleaning and lubrica-

tion; and to ascertain if repairs are required. Again, after repairs have been

made, to see that an instrument is ready for field assignment.

Any large discrepancies in the field tests (1), (2), and (3), or in the orientation

trials, will demonstrate that something is fundamentally wrong in the condition

of the solar unit, or in the general adjustment. Ordinarily this will be "nusual,

indicating that some important detail has escaped attention. The smaller dis-

crepancies, or residuals, are best taken care of by close attention to the performance,

day after day in the tests on the camp meridian, and in the observations that

should be made frequently on the lines of the survey to verify the instrumental

performance.

A uniform discrepancy in orientation, i. e.â��always holding about the same

amount to the right or left of the meridian, may be traced only to field test (1), to

be treated as an index error, or to be corrected by careful touch up adjustment

wlien fully demonstrated.

The variables are more difficult to analyze. Those traceable to either (2) or (3) may

be due to poor fitting of the clamps or tangent motions; back lash in the tangent

screws; opposing springs not in good order; or a weaving in the tangent motions;

these are mechanical difficulties. Another mechanical difficulty, not at all unusual

on worn instruments, which will be manifest in variable orientation, may be

traced directly to poor fitting of the collar bearings, too snug in a portion of the

turn, too loose in places, or not truly round. All other tests may appear to be
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with, or it may be slightly more or less than the true latitude. The instrumental 
latitude is the one to employ in solar orientation, as this value disposes of any 
possible discrepancy between exact zero setting for latitude (index error at hori
zontal) and correct reading for the station. 

With the instrument carefully levelled and set in the meridian, and having 
carefully set the declination arc for the sun's noon declination for that date, with 
refraction duly added to a north declination, or subtracted from a south declina
tion, and with the index error of the declination arc determined as above explained 
(2), duly applied to the declination as calculated, bring in the sun at meridian 
passage with the tangent motion of the latitude arc. The reading of the latitude 
arc will then be the proper instrumental latitude. This is tested daily in regular 
field practice. 

Orientation 

The solar unit is now ready for p. m. and a. m. tests for orientation, by com
parison with a carefully determined meridian. Any discrepancy in (1) will be 
a constant, as already noted. A discrepancy in either (2) or (3) will result in a 
variable orientation (Manual sec. 83; table 22, Standard Field Tables). 

If the field tests (1), (2), and (3) have been carried through successfully, the 
solar should give satisfactory orientation within the Manual tolerance (1'30" 
during the usual hours), without going through the general adjustments. 

The tests for ·orientation should duplicate actual line practice on the survey. 
Care in levelling, and close setting of the arcs to the nearest half-minute'; every
thing counts just as in making an altitude observation for azimuth, recalling that 
the variables in the latter will also be appreciable and can be brought within 
small limits only by close attention to every element of the observation. 

The general adjustments are designed for the instrument assembly in the 
beginning, and after repairs have been made, or in remounting a solar unit if it 
has been removed. These give attention to the correct relation of all working 
parts, good for any latitude. The general tests and adjustments are made after 
the return of an instrument at the end of a long season; after cleaning and lubrica
tion; and to ascertain if repairs are required. Again, after repairs have been 
made, to see that an instnlment is ready for field assignment. 

Any large discrepancies in the field tests (1), (2), and (3), or in the orientation 
trials, will demonstrate that something is fundamenta.lly wrong in the condition 
of the solar unit, or in the general adjustment. Ordinarily this will be ~nusual, 
indicating that some important detail has escaped attention. The smaller dis
crepancies, or residuals, are best taken care of by close attention to the performance, 
day after day in the tests on the camp meridian, and in the observations that 
should be made frequently on the lines of the survey to verify the instrumental 
performance. 

A uniform discrepancy in orientation, i. e.-always holding about the same 
amount to the right or left of the meridian, may be traced only to field test (1), to 
be treated as an index error. or to be corrected by careful touch up adjustment 
when fully demonstrated. 

The variables Ilre more difficult to analyze. Those traceable to either (2) or (3) may 
he due to poor fitting of the clamps or tangent motions; back lash in the tangent 
i"crews; opposing springs not in good order; or a weaving in the tangent motion~; 
these are mechanical difficulties. Another mechanical difficulty, not at all unusual 
on worn instruments, which will be manifest in variable orientation, may be 
traced directly to poor fitting of the collar bearings, too snug in a portion of the 
turn, too loose in places, or not truly round. All other tests may appear to be 
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ADJUSTMENT OF THE SOLAR UNIT 481

good, but if the outside equatorial wires may not be spaced equally from the

true line of collimation it will establish a residual that is disturbing until fully

identified by performance.

Detail of the Adjustments

The general adjustments of the solar unit should be considered in the following

order:

1. The equatorial wires must be made parallel to the axis of the reflector.

2. The line of sight of the solar telescope must lie in its true turning axis.

3. The polar axis, or line of sight of the solar telescope, must be normal to the

axis of the latitude arc, describe a true vertical plane when turned in latitude, and

this plane must be parallel to the vertical plane of the transit.

4. The latitude arc should read zero when the solar telescope is horizontal, and

be tested for reading true latitude of station.

5. The declination arc should be tested for reading the true declination of the

sun, plus the refraction in polar distance, in all positions.

6. The hour circle should read the sun's apparent time.

Additionally, tests are required to ascertain:

7. If the collar bearings are free from inequality or roughness that would cause

a displacement in the turning in hour angle from 6 a. m. to 6 p. m., i. e.â��truly

round.

8. If there is appreciable inequality in the spacing of the equatorial wires.

The above may be termed performance requirements and tests, as distinguished

from the maker's adjustments which are designed to accomplish the correct

construction and assembly. There are several methods of approach to the

general adjustments, all with regard to the same geometric problem wherein each

step is intended to bring one element into appropriate relation with the other

parts.

The Solar Diagram

The general adjustments, and preliminary tests, may be accomplished most

readily with the help of the solar diagram, dimensioned for the particular instru-

ment or instruments of that model. The diagram is mounted by means of a

board, similar to a plane-table board but held vertically by a bracket, on a light

tripod, placed at a measured distance from the instrument, and adjustable to the

same H. I. The diagram has the appearance shown below for the arrangement

of the lines and the lettering. The letters read normally when viewed through

the solar telescope with its inverting eyepiece, and when receiving reflected light

rays in certain positions of the tests. Figure 100.

The measured base is required only for the tests (7) and (8); it may be used also

for a check of the transit stadia-wire interval; the same diagram is correct for

any model in these particular tests. The base measurement from the vertical

axis of the transit to the face of the drawing board is 2.50 chains (165 feet.)

The diagram may be placed at any distance for the remaining tests, the condi-

tions being to secure the same H. I., good light, and sharp images, including the

reading of the letters, which will appear normal, and will identify the line that is

to be used in each test. The several offset lines are placed to conform with the

dimensions of one standard model.

The board is to be oriented to face the transit, carefully set to exact right angle

with the line of sight, vertical, and moved into the exact H. I. of the transit. The

lower horizontal lines then indicate the H. I. of the solar telescope. The "D"

and "It" vertical lines show the offset of the solar telescope when in direct and

reversed positions measured from the vertical axis of the transit. The lower

ADJUSTMENT OF THE SOLAR UNIT 481 

good, but if the outside equatorial wires may not be spaced equally from the 
true line of collimation it will establish a residual that is disturbing until fully 
identified by performance. 

Detail of the Adjustments 

The general adjustments of the solar unit should be considered in the following 
order: 

1. The equatorial wires must be made parallel to the axis of the reflector. 
2. The liue of sight of the solar telescope must lie in its true turning axis. 
3. The polar axis. or line of sight of the solar telescope, must be normal to the 

axis of the latitude arc, describe a true vertical plane when turned in latitude. and 
this plane must be parallel to the vertical plane of the transit. 

4. The latitude arc should read zero when the solar telescope is horizontal, and 
be tested for reading true latitude of station. 

5. The declination arc should be tested for reading the true declination of the 
sun, plus the refraction in polar distance .. in all positions. 

6. The hour circle should read the sun's apparent time. 
Additionally, tests are required to ascertain: 
7. If the collar bearings are free from inequality or rou/l:hness that would cause 

a displacement in the turning in hour angle from 6 a. m. to 6 p. m., i. e.-truly 
round. 

S. If there is appreciable inequality in the spacing of the equatorial wires. 
The above may be termed performance requirements and tests, as distinguished 

from the maker's adjustments which are designed to accomplish the correct 
construction and assembly. There are several methods of approach to the 
general adjustments, all with regard to the same geometric problem wherein each 
step is intended to bring one element into appropriate relation with the other 
parts. 

The Solar Diagram 

The general adjustments, and preliminary tests, may be accomplished most 
readily with the help of the solar diagram, dimensioned for the particular instru
ment or instruments of that model. The diagram is mounted by means of a 
board, similar to a plane-table board but held vertically by a bracket, on a light 
tripod, placed at a measured distance from the instrument, and adjustable to the 
same H. I. The diagram has the appearance shown below for the arrangement 
of the lines and the lettering. The letters read normally when viQ~'ed through 
the solar telescope with its inverting eyepiece, and when receiving reflected light 
rays in certain positions of the tests. Figure 100. 

The measured base is required only for the tests (7) and (S); it may be used also 
for a check of the transit stadia-wire interval; the same diagram is correct for 
any model in these particular tests. The base measurement from the vertical 
axis of the transit to the face of the drawing board is 2.50 chains (165 feet.) 

The diagram may be placed at any distance for the remaining tests, the condi
tions being to secure the same H. I., good light, and sharp images, including the 
reading of the letters, which will appear normal, and will identify the line that is 
to be used in each test. The several offset lines are placed to conform with the 
dimensions of one standard model. 

The board is to be oriented to face the transit, carefully set to exact right angle 
with the line of sight, vertical, and moved into the exact H. I. of the transit. The 
lower horizontal lines then indicate the H. I. of the solar telescope. The ltD" 
and "R" vertical lines show the offset of the solar telescope when in direct and 
reversed positionl'l measured from the vertical axis of the transit. The lower 
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TOP

Base â�¢ 2.50

Stadia rah'o-1-132

Spacing of outside li'ne

of inner circle. I5'45'

Upper short vertical lines spaced for offset Lower horizontal lines placed for 0* latitude!

of solar telescope from transit telescope. central vertical lines 0Â°declination;

Short fine lines at central intersection N&S lines l5"declination.

spaced for 30"and 60" horizontal angle. X lines placed for 40Â° latitude, 0*declination.

Figure 100. The solar diagram.

vertical lines are for testing the declination arc at 0Â° and at 15Â° each for north

and south declinations. The "X" lines are for testing the parallelism of the tele-

scopes when the solar is set and clamped at latitude 40Â°.

(1) The equatorial wires, for parallel to axis of reflector.â��With the solar telescope

clamped at 0Â° latitude, 0Â° in declination, and the tran'it oriented 90Â° from the

line to the target, pick up the reflected image of the main vertical line. Use the

transit tangent motion to bring the central equatorial wire onto the vertical line.

Then turn the solar telescope in hour angle. The equatorial wire should follow

the central intersection across the field. If not in good adjustment, the solar

cross-wire assembly, or reticle, requires a slight rotation to bring it into good

position.

The test may be made on the sun, as follows: set up the instrument as in a

regular solar observation, setting off the latitude, declination and apparent time;
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vertical lines are for testing the declination arc at 0° and at 15° each for north 
and south declinations. The "X" lines are for testing the parallelism of the tele
scopes when the solar is set and clamped at latitude 40°. 

(1) The equatorial wire8, for parallel to axi8 of reftector.-With the solar telescope 
clamped at 0° latitude, 0° in declination, and the tran, it oriented 90° from the 
line to the target, pick up the reflected image of the main vertical line. Use the 
transit tangent motion to bring the central equatorial wire onto the vertical line. 
Then tUrn the solar telescope in hour angle. The equatorial wire should follow 
the central intersection across the field. If not in good adjustment, the solar 
cross-wire assembly, or reticle, requires a slight rotation to bring it into good 
position. 

The test may be made on the sun, as follows: set up the j,~strument as In a 
regular solar observation, setting off the latitude, declination and apparent time; 
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bring the sun's image accurately between the equatorial wires by orienting tho

transit, in which position the instrument should be clamped. Turn the solar

telescope in hour angle, causing the sun's image to travel across the field from side

to side. If the image follows the equatorial wires accurately the latter are

parallel to the axis of the reflector as required.

If the image departs materially from the equatorial wires, the capstan screws

which hold the reticle should be loosened, and the reticle rotated until the equa-

torial wires are made to agree with the path of the image across the field; then

return each capstan to a proper seat.18

(2) Collimation.â��With the solar telescope clamped at 0Â° latitude, make a

direct sighting u on the solar diagram, using the transit tangent motion to set

on the vertical line; the latitude tangent motion to set on the horizontal line.

Turn the solar telescope 12 hours in hour angle; the displacement, if any, on the

center intersection, is double the error in collimation, in both directions, for the

equatorial wires, and for the time wire.

The same test may be made by sighting on a distant point: set the line of sight

on a distant point and clamp the instrument. Revolve the solar telescope 12

hours in hour angle. If the line of sight remains fixed on the point it agrees with

the turning axis as required. If after revolution, the line of sight appears to be

above or below, or to the right or left of the point, one-half of each difference should

be taken up with the capstan screws. The test should be repeated. This test

and adjustment is similar to colli mating the telescope of the Wye level.

As the eyepiece of the solar telescope gives an inverted image, the direction for

the movement of the reticle to correct for collimation is apparently to reduce the

error, i. e.â��if there is appreciable displacement, turn the capstan screws so as to

move the reticle in the direction towards the image of the sighting point, both

vertical and horizontal. The correction is for only half the amount of the displace-

ment. Be very careful not to over-adjust, i. e.â��not to pass the point of perfect

adjustment. Exercise the same precautions as in adjusting the transit telescope

for collimation. Manual Appendix II, section 41.

(7) and (8) Collar bearings, and spacing of the equatorial wires.â��The next step is

to test the spacing of the equatorial wires. These should fit the outside line of the

inner circle, spaced on a radius of 15'45", which is the sun's semidiameter at the

July 1 date. Check carefully for equality of spacing on the two sides.

There is no way to correct an inequality except by the maker. If there is an

appreciable inequality, the collimation test should be by the reversal of one outside

equatorial-wire into the position of the other, rather than on the central point of

intersection.

Carefully turn in hour angle, pausing at each hour interval, to check the rotation

of the solar telescope in its collar bearings. Any roughness or inequalities will be

manifest in the direct sighting on the circle, i. e.â��the equatorial wires will appear

to jump or to be displaced in relation to the circle. If there is appreciable dis-

placement at any point, note the place on the hour circle. There will be a cor-

responding displacement, or variable, in the orientation tests on the meridian at

the same position in hour angle. Irregularities in the collar bearings cannot be

corrected in the field.

(3) The polar axis. Several steps are combined in this adjustment. The line of

collimation should be normal to the latitude axis; the latter should be horizontal.

Â« A very light tapping on the capstans may be necessary to move the reticle in rotation. Model A has

the regular capstans. Models B and C have a cover ring over the adjusting screws; the cover ring screw8

back over the telescope tube.

u Model C: The reflector is constructed of clear optical glass, the planes truly parallel, and duly tested.

The direct sighting will be through the reflector glass.
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and the plane of the solar line of collimation when moved in latitude should be

parallel to the vertical plane of the transit. This makes for general adjustment

in any latitude. For just one latitude or area it is only necessary that the line of

collimation (as a line, called the -polar axis) be made parallel to the vertical plane

of the transit. The field test (1), preliminary to the test for orientation, hereto-

fore described, takes care of that.

Make a direct sighting of the solar telescope on the D line of the target, first

setting the transit telescope on the main vertical line. If the solar telescope

points to one side of the D line, note the amount and whether to the right or to

the left. Turn the transit 180Â° and repeat, sighting with the solar telescope in the

reversed position. Note the amount that the pointing is to one side of the R line,

and whether to the right or to the left. The two pointings now require analysis.

For illustration, assume pointings as indicated by diagram "a", figure 101.

Note.â��First, the diagram projections are in true relation. With the inverting

eye-piece (image inverted) the right and left appear reversed, and the image is

upside down; Second, if the line of sight is not normal to the latitude axis, the

line will describe a cone in the reversal.

The short dash line is the normal to the latitude axis; the full line shows the

assumed pointings.

Adjust first on the base plate at the foot post that controls the pointing at

horizontal sighting; make the correction to the position where the sighting will

conform to the full line in diagram "b".

In the projection, the latitude axis will be normal to the vertical plane of the

transit (although not necessarily horizontal). The pointings should be symmetri-

cal with respect to the D and R lines.

Adjust second at one end of the frame that supports the solar telescope." Make

the correction to bring the pointing exactly to the D and R lines, as shown in

diagram "c". This brings the line of sight of the solar telescope into normal with

the latitude axis.

In using the solar diagram, the adjustment that is required to bring the latitude

axis into horizontal must be preceded by the test for the zero position of the declina-

tion arc, but when that has been accomplished (the declination vernier remaining

clamped in that position) then set and clamp the solar telescope in latitude 40Â°.

From this point on, the steps are as previously described for the primary field test

(1) to ascertain if the line of collimation of the solar telescope, when set and clamped

in the latitude of the station, is parallel to the vertical plane of the transit.

Make the test on the X lines, either a.m. or p.m. position; reflected light rays

as in regular solar orientation; all clamps set; transit turned 90Â° from the main

line of sight. This setting will be either 6 a.m. or 6 p.m. in hour angle. The

adjustment should check in both a.m. and p.m. positions, which accomplishes a

reversal of the horizontal axis. The slant of one line of the X represents the

direction of the sun's movement at sunrise or sunset, zero declination, 40Â° latitude.

The reflected image of the second line of the X will appear to be horizontal. The

intersection is in the same H.I. as the reflector in the line of the polar axis.

18 Model A has heavy capstan nuts that control this adjustment.

Model B has three capstan screws; the center screw pulls the eye-piece end closer to the base; the outside

are opposing screws.

Model C has two capstan screws; the neat adjustment is secured through the slight movement of a metal

wedge, which itself is controlled by a slow-motion screw. In this model, first loosen the opposing capstan

screws slightly; after the adjustment has been made, tighten again against the wedge.

In both models B and C care should be exercised to apply the same tension on the opposing screws. Note

that an unequal tension may cause a strain at the cradle bar which supports the solar telescope which

would tend to pass a strein to the collar bearings.
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FiorRE 101. Adjustment of the Polar Aiis.
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ADJUSTMENT OF THE POLAR AXIS.

(a) The discrepancies in the diagram are exaggerated.

(6) First. Make the vertical plane of the latitude axis normal to the vertical plane of the transit telescope.

Bring the sightings into symmetry, direct and reversed positions. Adjust at the foot post that controls

the sighting at horizontal.

(c) Second. Make the line of sight of the solar telescope normal to the latitude axis. Bring the sightings

into parallel, direct and reversed positions. Adjust on the frame that supports the solar telescope.

Third. The last step is to bring the latitude axis into horizontal. Adjust at the foot post that controls

that position.
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FIGURE 101. Adjustment of the Polar Axis. 
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ADJUSTMENT OF TIlE POLAR AXIS. 

(a) The discrepancies in the diagram are exaggerated. 
(0) First. Make the vertical plane of the latitude axis normal to the vertical plane of the transit telescope. 

Bring the slghtings into symmetry, direct and reversed positions. Adjust at the foot post that oontrolg 
the sighting at horizontal. 

(c) Second. Make the line of sight of the solar telescope normal to the latitude axis. Bring the sighting~ 
into paraUel, direct and reversed positions. Adjust on the frame that supports the solar telescope. 

Third. The last step Is to bring the latitude axis into horizontal. Adjust at the foot post that controls 
that position. 
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When taking the sight, the center equatorial wire will be on, or parallel to,

one line of the X, and will follow that line, or continue to be parallel to it, when

the solar telescope is turned in hour angle.

The adjustment is good when the center equatorial-wire is on the line of the

X. If adjustment is required, bring the center equatorial-wire to the line of the

X; adjust on the base plate at the foot post that controls the position of the latitude

axis for true horizontal.

The adjustments at the foot posts on the base plate of the solar unit should now

be fully accomplished, or completed excepting only for the slightest "touch up"

if and when the need becomes demonstrated by performance in orientation, and

then only to secure final accuracy in the position of the polar axis for parallelism

with the vertical plane of the transit.

Note also, that the adjustments on the foot posts should be in final position,

or nearly so, before making the test (4) for the index error, if any, in the setting

of the latitude vernier.

The mechanical construction at the points of contact of the base frame of the

solar unit with the inner capstans or hexagon nuts at the foot posts is designed

to accommodate an adjustment without straining the base frame, but care i&

necessary not to place too much pressure on the points of contact while making

the adjustments. A strain here will cause difficulty in coming into good position,

or a jump in position when the strain is relieved. The safest plan is to ease off

the pressure at the point or points that must be relieved in order to make the

adjustment, also a slight easing off at the other point or points (including the one

at the 90Â° angle); follow with the adjustment turns; then re-seat with equal

pressure at each point.

The statement of the adjustments of the polar axis is intended to show the

successive steps that are appropriate when the whole unit requires examination

and test. Later, an explanation will be given for the more rigid test of the polar

axis by the prime vertical method. If a residual error is then present, the latter

test will show which point of adjustment on the foot posts will control the

improvement.

While the statement here may seem involved, the steps are simple enough if

taken in proper order. A demonstration by some one experienced in solar transit

work will be an aid to those who may need that assistance. The way to accuracy

in solar transit orientation, as in all observations for azimuth, is to give close

attention to every essential detail.

The latitude axis may be adjusted to horizontal as described in the next para-

graph, striding level method, including also the other steps to bring the polar

axis into good position, if the solar diagram is not available. Note that the

striding level method for this and the next adjustment is applicable only to

model A.

Carefully level the transit and then sight the main telescope to a distant point

and clamp the instrument; sight toward the same point with the solar telescope,

and place the striding level on the latitude axis. Figure 10. The striding level

should be reversed to see if there is any error in the level itself, and if so take the

mean position for the true indication of the level.

If the latitude axis is not horizontal it may be made so by adjusting the capstan

nuts on the base frame.

If the line of sight of the solar telescope is not parallel to that of the main

telescope it may be made parallel by means of the capstan nuts on the base frame

of the solar. After doing that, turn the transit 180Â° in azimuth and reverse both

telescopes so as to sight again to the same distant object, setting the main tele-
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Carefully level the transit and then sight the main telescope to a distant point 
and clamp the instrument; sight toward the same point with the solar telescope, 
and place the striding level on the latitude axis. Figure 10. The striding level 
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ADJUSTMENT OF THE SOLAR UNIT 487

scope upon the object. Figure 11. If the solar telescope does not again sight

upon the distant object, one half the error is due to its line of sight not being at

right angles to the axis of the latitude arc. Take up half of the amount of the

error by means of the capstan nuts at one end of the solar telescope, and take up

half of the error by correcting the capstan nuts on the base frame of the solar.

The line of sight should now be normal to the axis of the latitude arc, should

describe a vertical plane when turning on said axis, and this should be parallel

to the vertical plane of the transit. The tests should be carefully repeated until

the adjustments are perfected.

The several steps for the adjustment of the polar axis may be accompished,

and rigidly checked by the prime vertical method, hereinafter described more

fully.

(4) The latitude vernierâ��Solar diagram.â��With the transit carefully leveled,

make a direct sighting with the solar telescope; use the latitude tangent motion

to bring the central equatorial-wire on the lower horizontal lines (hour angle at

noon). The reading of the vernier will indicate the index error in zero latitude.

As a rule it is better not to change the vernier setting if the fitting is good and

only a small difference. The primary field test (3) is made to secure an instrximental

latitude at the station. Ordinarily that will agree with the true latitude Â± the

index error at 0Â°, or check this very closely. A discrepancy will appear in case

there should be a slight eccentricity in the mounting of the latitude arc on its

frame, i. e.â��there will be a slight variable in the index error between 0Â° and the

part of the arc as from 30Â° to 50Â°.

The test may be made with the striding level as follows: Carefully level the

transit, clamp the latitude arc at zero, and place the striding level in position on

the solar telescope. Figure 12. The striding level should be reversed to see if

there is any error in the level itself, and if so take the mean position for the true

indication of the level. If the telescope is not horizontal it may be made so by

means of the tangent motion of the latitude arc. When it has been made truly

horizontal the reading will indicate the index error of the vernier of the latitude

arc. The vernier may be shifted to read zero, or the difference from zero may be

carried as an index error.

Without the solar diagram or striding level, the test may be made by first

ascertaining a sighting point (or line) in the true horizontal plane of the solar

telescope.

(5) The declination vernierâ��Solar diagram.â��Set and clamp at 0Â° latitude, and

the declination at or near 0Â°. Set the main telescope on the long vertical line,

then turn the transit 90Â° to the left, and the solar in hour angle to 6 p. m. Pick

up the image of the central short vertical line, p. m. position; set the central

equatorial-wire exactly on that line by the declination tangent motion. Now

reverse the transit, oriented 90Â° to the right of the solar diagram; turn the solar

telescope 12 hours in hour angle to the 6 a. m. position. Pick up the image of the

central short vertical line, a. tn. position; note the central equatorial-wire, and

if not in coincidence make the correction half with the declination tangent motion.

half with the lower tangent motion of the transit Repeat the reversals, and the

half and half corrections until there is coincidence in both a. m. and p. m. posi-

tions. The reading of the declination arc will give the index error, if any, in the
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scope upon the object. Figure 11. If the solar telescope does not again sight 
upon the distant object, one half the error is due to its line of sight not being at 
right angles to the axis of the latitude arc. Take up half of the amount of the 
error by means of the capstan nut~ at one end of the solar telescope, and take up 
half of the error by correcting the capstan nuts on the base frame of the solar. 
The line of sight should now be normal to the axis of the latitude arc, should 
describe a vertical plane when turning on said axis, and this should be parallel 
to the vertical plane of the transit. The tests should be carefully repeated until 
the adjustments are perfected. 

The several steps for the adjustment of the polar axis may be accompished, 
and rigidly checked by the prime vertical method, hereinafter described more 
fully. 

(4) The latitude vernier-Solar diagram.-With the transit carefully leveled, 
make a direct sighting with the solar telescope; use the latitude tangent motion 
to bring the central equatorial-wire on the lower horizontal lines (hour angle at 
noon). The reading of the vernier will indicate the index error in zero latitude. 

As a rule it is better not to change the vernier setting if the fitting is good and 
only a small difference. The primary field test (3) is made to Secure an instrumental 
latitude at the station. Ordinarily that will agree with the tnle latitude ± the 
index error at 0°, or check this very closely. A discrepancy will appear in case 
there should be a slight eccentricity in the mounting of the latitude arc on its 
frame, i. e.-there will he a !'light variable in the index error between 0° and the 
part of the arc as from 30° to 50°. 

The test may be made with the striding level as follows: Carefully level the 
transit, clamp the latitude arc at zero, and place the striding level in position on 
the solar telescope. Figure 12. The striding level should be reversed to see if 
there is any error in the level itself, and if so take the mean position for the true 
indication of the level. If the telescope is not horizontal it may be made so by 
means of the tangent motion of the latitude arc. When it has been made truly 
horizontal the reading will indicate the index error of the vernier of the latitude 
arc. The vernier may he shifted to read zero, or the difference from zero may be 
carried as an index error. 

Without the solar diagram or striding level, the test may be made by first 
ascertaining a sighting point (or line) in the true horizontal plane of the solar 
telescope. 

(5) The declination vernier-Solar diagram.-Set and clamp at 0° latitude, and 
the declination at or near 0°. Set the main telescope on the long vertical line, 
then turn the transit 90° to the left, and the solar in hour angle to 6 p. ID. Pick 
up the image of the central short vertical line, p. m. position; set the central 
equatorial-wire exactly on that line by the declination tangent motion. Now 
reverse the transit, oriented 90° to the right of the !<olar diagram; turn the solar 
telescope 12 hours in hour angle to the 6 a. m. position. Pick up the image of the 
central short vertical line, a. ffi. position; note the central equatorial-wire, and 
if not in coincidence make the correction half with the declination tangent motion. 
hal! with the lower tangent motion of the transit. Repeat the reversals, and the 
half and half corrections until there is coincidence in both a. m. and p. m. posi
tions. The reading of the declination arc will give the index error, if any, in the 
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setting of the vernier in zero declination. If the discrepancy is small, and the

vernier well fitted, it is usually better not to disturb the adjustment.18

The next step is to check the reading at 15Â° north declination. Proceed in the

same manner as above, except to make the turns 105Â° to the left and right of the

solar diagram, and use the N lines in the p. m. and a. m. positions. Record the

reading when the reversals indicate true position 15Â° north declination.

Check again on 15Â° south declination. The turns are 75Â° for the S lines.

The arc and vernier are well mounted when the index error, if any, runs along

the same, or nearly the same in the three posftions. An appreciable variable will

indicate an inaccuracy in the mounting of the declination arc, either in the setting

for radius or an element of eccentricity, or both.

The field test (2), preliminary to the test for orientation, heretofore described,

will ascertain the index correction in any position of the arc. In field practice it

should be determined for the period when the instrument is being used.

A careful analysis of the variables in orientation in actual performance of the

instrument during the early a. m. and late p. m. hours will show if the index cor-

rection for the declination reading is about right, or if it can be improved slightly.

Those periods are best for that check because any slight discrepancy in the reading

of the latitude arc, which would be apparent during the 6 or 8 hours of the middle

portion of the day, disappears in the early a. m. and late p. m. The check should

not be made when too close to sunrise or sunset as the refractions then become

large and more or less uncertain.

(6) The hour circleâ��Solar diagram.â��This adjustment may be made at any

stage of the tests after the completion of (1). Make a direct sighting. Bring the

time cross wire into coincidence with the long vertical line. In that position the

circle should read 12 hours. There is a set screw which holds the graduated circle

in position; the circle can be shifted as needed.

ie Model A: The declination arc and vernier are both movable. The arc should not be moved unless

necessary to correct for radius, or to correct for concentric position with the axis of the reflector. The vernier

may be shifted as necessary to correct for index error.

Model B: The declination arc is fixed in position. The vernier is held in position by two small screws;

it may be shifted if necessary.

Model C: The declination arc is permanently seated at proper radius, and proper spacing; it is not

intended nor expected that this relationship will be disturbed by field adjustment or use. The vernier is

graduated on the declination-vernier arm. The vernier adjustment is controlled at the reflector axis, where

the declination-vernier arm is locked in position by three setscrews. The setting is carefully made at time

of construction: it should rarely require attention excepting at the time of a maker's repair job.

When setting the vernier in zero position, a test is made to bring the reflector into an exact 45Â° with the

line of collimation of the solar telescope. The reflector and the tangent-clamp-arm are left clamped in that

position.

The first step in making the adjustment is to loosen the three hold-down screws, just enough to allow the

declination-vernier arm to be shifted. The reflector position is not disturbed. Next, remove the "dummy"

screw that is placed about midpoint of the arm, and in its place insert the special adjusting post (the latter

will be found inserted, for safe keeping, near the top of the right standard of the transit). When in position

the end of the post projects into a hole in the tangent-clamp-arm. There are two opposing capstan screws

in the tangent-clamp-arm which are to be brought into play against the adjusting post.

The parts are now in position for an exact setting of the vtmier to zero reading on the declination arc.

Two capstan pins are used in opposing movement to accomplish the exact adjustment.

After adjustment, tighten the three hold-down screws at the reflector axis. Back ofl" the two opposing

capstan screws. Remove the special adjusting post. Replace the "dummy" screw. Replace the adjusting

post for safe keeping. Tighten the two capstan adjusting screws to avoid loss.

Repeat the original test to make sure that the declination clamp held properly during the adjustment.

and that the reflector position was not disturbed from any cause.
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If(~tting of the vernier in zero declination. If the discrepancy is small, and the 
vernier well fitted, it is usually better not to disturb the adjustment. ls 

The next step is to check the reading at 15° north declination. Proceed in the 
same manner as above, except to make the turns 105° to the left and right of the 
solar diagram, and use the N lines in the p. m. and a. m. positions. Record the 
reading when the reversals indicate true position 15° north declination. 

Check again on 15° south declination. The turns are 75° for the S lines. 
The arc and vernier are well mounted when the index error, if any, runs along 

the same, or nearly the same in the three posftions. An appreciable variable will 
indicate an inaccuracy in the mounting of the declination arc, either in the setting 
for radius or an element of eccentricity, or both. 

The field test (2), preliminary to the test for orientation, heretofore described, 
will ascertain the index correction in any position of the arc. Tn field practice it 
should be determined for the period when the instrument is being used. 

A careful analysis of the variables in orientation in actual performance of the 
instrument during the early a. m. and late p. m. hours will show if the index cor
rection for the declination reading i8 about ri!!:ht, or if it can be improved slightly. 
Those periods are best for that check because any slight discrepancy in the reading 
of the latitude are, which would be apparent during the 6 or 8 hours of the middle 
portion of the day, disappears in the early a. m. and late p. m. The check should 
not be made when too close to sunrise or sunset as the refractions then become 
large and more or less uncertain. 

(6) The hour circle-Solar diagram.-This adjustment may be made at any 
stage of the tests after the completion of (1). Make a direct sighting. Bring the 
time cross wire into coincidence with the long vertical line. In that position the 
circle should read 12 hours. There is a set screw which holds the graduated circle 
in position; the circle can be shifted as needed. 

16 Model A: The declination arc and vernier are both movable. The arc should not be moved unless 
necessary to correct for radius, or to corrcct for concentric position with the axis oCthe reflector. The vernier 
may be shifted as necessary to correct Cor Index error. 

Model B: The declination arc Is fixed In position. The vernier Is held In position by two small screws; 
It may be shifted if nece.o;sary. 

Model C: The declination arc Is permanently seated at proper radius, and proper spacing; It Is not 
intpndpd nor expected that this relationship will be disturbed by field adjustment or use. The vernier Is 
graduated on the dcclination-vernier arm. Thc '"ernier adjustment is controlled at the reflector axis, where 
the declination-vernier arm is locked In position by three setscrews. The seHillj! Is carefully made at time 
oC construction: It should rarely require attention excepting at the time oC a maker's repair Job. 

When setting the vernier In zero position, a test is made to hring the reflector into an exact 45° with the 
line oC collimation of the solar telescope. The reflector and the tanl(ent-clamp-arm are left clamped In that 
position. 

The first step In making the adjustment Is to loosen the three hold-down screws,just enough to allow the 
declination-vernier arm to be shifted. The refiector position is not disturbed. Next, remove the "dummy" 
screw that Is placed about midpoint oC the arm, and in its place Insert the special adjusting POSt (the latter 
will be found inserted. Cor saCe keeping. near the top oC the right standard oC the transit). When In position 
the end oC the post projects into a hole In the tan~ent-clamp"arm. There are two opposing capstan screws 
In the tangent-clamp-arm which are to be broul!'ht into plllY al(Binst the adjusting post. 

The parts are now In position for an exact setting of the wrnier to zero reading on the declination arc, 
Two capstan pins are used in opposing mo'"ement to accomplish the exact adjustment. 

After adjustment, tighten the three hold-down screws at the reflector axis. Back off the two opposing 
capstan screws. Remove the special adjusting post. Replace the "dummy" screw. Replace the adjusting 
post Cor safe keepln~. Ti\:hten the two capstan adjusting screws to avoid loss. 

Repeat the original test to make sure that the declination clamp held properly during the adjustment. 
and that the refiector position was not disturbed from any cause. 
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Without the solar diagram, make an observation for the meridian passage of the

sun. A few minutes before apparent noon set the instrument in the meridian.

Level the transit and clamp with the main telescope in the meridian, elevated to

the sun's altitude. Set your watch to read 12 o'clock as the sun's center crosses-

the vertical wire of the main telescope. At any convenient time thereafter set off

the proper readings on the latitude and declination ares, and with the instrument

in the meridian, bring the sun's image to the center of the field of the solar telescope

and observe the watch time. If the reading of the hour circle agrees with the

watch it is in adjustment; if not, it may be made to read apparent time by loosening

the set screw which holds the hour circle in position, shifting the circle until the

reading agrees with the watch, care being taken not to move the telescope in hour

angle until after the set screw is again seated. The test may then be repeated.

The Prime Vertical Method

A complete adjustment may be accomplished by the prime vertical method.

These tests are made by using a distant sighting point, -and do not require the solar

diagram or the striding levels. Some of the tests are by direct sighting; the

remainder are in the positions where the arcs are clamped as in normal orientation,

light rays reflected.

The plan is based on the conception of using the solar unit for an observation

upon a star when in or passing the prime vertical, equal altitude method, permit-

ting all necessary reversals. A suitable sighting point serves for the star position.

It is intended especially for use when duplicating field conditions, and mainly for

the touch up adjustments, rather than for running through the general adjustments.

The conditions for the sighting point are that it may give a sharp point that

can be seen clearly as a reflected image. If it is a long distance away it may be

used as a point in all of the sightings, but if substantially less than one-half mile

an allowance should be made for the instrumental offsets as presented in the solar

diagram method. A sky-line point may be used under many field conditions, as

the station will frequently be remote from a church spire, flag pole, water tower,

and such ideal sighting points. If no suitable point can be picked up from the

instrument station, a piece of white paper may be tacked up where the light is

good. There is no better sighting point than a small hand-mirror reflecting sun-

light from the top of a stake that has been set to hold the position. If the paper

sighting point is placed as much as one-fourth mile distant all necessary offsets

may be provided by trimming as follows: width between the vertical edges to

be double the right-angle offset of the reflector axis counting from the latitude

axis; the lower right-and-left corners to be cut off for several inches on an angle

from the vertical equal to the latitude of the station. Observe on the vertical

edges for tests in the 0Â° latitude settings; on the slanting edges when the solar

telescope is set in the latitude of the station.

(a) The vertical angle counts from the H. I. of the reflector.

(6) To set the correct north declination for the pick-up of the sighting point,

solar unit, reflected image, when clamped in the latitude of the station, use the

equation:

sin a = sin <f> sin v

(c) To ascertain the horizontal angle, counting from the sighting point, that is

to be turned in the tests of the declination arc, more than 90Â° for north declination,

less than 90Â° for south declination, employ the equation:

sin S

cos A =

cos v
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Without the solar diagram, make an observation for the meridian passage of the 
sun. A few minutes before apparent noon set the instrument in the meridian. 
Level the transit and clamp with the main telescope in the meridian, elevated to 
the sun's altitude. Set your watch to read 12 o'clock as the sun's center crosses' 
the vertical wire of the main telescope. At any convenient time thereafter set off 
the proper readings on the latitude and declination arcs, and with the instrument 
in the meridian, bring the sun's image to the center of the field of the solar telescope 
and observe the watch time. If the reading of the hour circle agrees with the 
watch it is in adjustment; if not, it lnay be made to read apparent time by loosening 
the set screw which holds the hour circle in position, shifting the circle until the 
reading agrees with the watch, care being taken not to move the telescope in hour 
angle until after the set screw is again seated. The test may then be repeated. 

The Prime Vertical Method 

A complete adjustment may be accomplished by the prime vertical method. 
These tests are made by using a distant sighting point, -and do not require the solar 
diagram or the striding levels. Some of the tests are by direct sighting; the 
remainder are in the positions where the arcs are clamped as in normal orientation, 
light rays reflected. 

The plan is based on the conception of using the solar unit for an observation 
upon a star when in or passing the prime vertical, equal altitude method, permit
ting all necessary reversals. A suitable sighting point serves for the star position. 
It is intended especially for use when duplicating field conditions, and mainly for 
the touch up adjustments, rather than for running through the general adjustments. 

The conditions for the sighting point are that it may give a sharp point that 
can be seen clearly as a reflected image. If it is a long distance away it may be 
used as a point in all of the sightings, but if substantially less than one-half mile 
an allowance should be made for the instrumental offsets as presented in the solar 
diagram method. A sky-line point may be used under many field conditions, as 
the station will frequently be remote from a church spire, flag pole, water tower, 
and such ideal sighting points. If no suitable point can be picked up from the 
instrument station, a piece of white paper may be tacked up where the light is 
good. There is no better sighting point than a small hand-mirror reflecting sun
light from the top of a stake that has been set to hold the position. If the paper 
sighting point is placed as much as one-fourth mile distant all necessary offsets 
may be provided by trimming as follows: width between the vertical edges to 
be double the right-angle offset of the reflector axis counting from the latitude 
axis; the lower right-and-Ieft corners to be cut off for several inches on an angle 
from the vertical equal to the latitude of the station. Observe on the vertical 
edges for tests in the 00 latitude settings; on the slanting edges when the solar 
telescope is set in the latitude of the station. 

(a) The vertical angle counts from the H. I. of the reflector. 
(b) To set the correct north declination for the pick-up of the sighting point, 

solar unit, reflected image, when clamped in the latitude of the station, use the 
equation: 

sin 6=sin ¢ sin v 

(c) To ascertain the horizontal angle, counting from the sighting point, that is 
to be turned in the tests of the declination arc, more than 900 for north declination, 
less than 90° for south declination, employ the equation: 

sin 6 
cos A=--

cos v 
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The purposes and the order of the tests, and in most cases the principles that are

involved, have already been set out, included in (1) primary field tests, Bolar unit

in good order; and, (2) the general adjustments, solar diagram method, including

the alternatives, both with and without the striding levels. These should be

understood in principle. The explanations that follow are explicit to the extent

that the prime vertical method gives a different approach to the problem.

(1) The equatorial wires, for parallel to axis of reflector.â��Start with the solar

telescope clamped in the latitude of the station; the main telescope set on the

sighting point, plate reading 0Â°, reflector in the direction of the sighting point;

and a north declination set to the value: sin J=sin tp sin v; then turn the transit

90Â° to the right or left. Pick up the image of the sighting point by turning the

solar telescope in hour angle; use the transit lower tangent motion to bring the

central equatorial-wire onto the image of the sighting point. Then turn the

solar telescope in hour angle. The equatorial-wire should follow the image of

the sighting point across the field. This is the equivalent of test (1) of the

general adjustments.

(2) Collimation.â��Make a direct sighting of the solar telescope on the sighting

point; use the transit tangent motion for horizontal movement, the latitude

tangent motion for movement in vertical angle. The test and adjustment then

become the equivalent of test (2) of the general adjustments.

When the collimation is nearing close adjustment, complete the check by

moving over to an outside equatorial-wire. Use the transit tangent motion;

set the equatorial wires on vertical, one outside wire on the sighting point. In

this position the collimation test should be made by the reversal of one outside

equatorial-wire into the position of the other.

(3) The polar axis.â��Proceed as explained for test (3) of the general adjust-

ments when using the solar diagram. Make the tests with the main telescope

set on the sighting point, and direct sights through the solar telescope. The

need for an allowance for the offset between the two telescopes depends upon

the distance to the sighting point; it may be disregarded if more than one-half

mile. In the endeavor to make allowance for an offset, much depends upon the

sharpness of the image, the light, and the quality of the solar telescope for op-

tical performance. A low vertical angle to the sighting point is preferred for

this adjustment, but any vertical angle up to 20Â° is fully compensated in the

steps that follow. Complete the first and second adjustments as previously

explained when using the solar diagram. These two steps will bring the line of

sight of the solar telescope into normal with the latitude axis, and the two tele-

scopes substantially parallel at horizontal.

The next step is to check carefully for parallelism at horizontal, and to test

(5) the reading of the declination arc in true 0Â° position.

Set and clamp at 0Â° latitude, and declination arc at or near 0Â°. Set the hori-

zontal plate to read 0Â°, the main telescope on the sighting point, the reflector

toward the sighting point. Then turn the transit 90Â° to the left; the solar in

hour angle to late p. m. position. Pick up the reflected image of the sighting

point; set the central equatorial-wire on the sighting point by the declination

tangent motion. Now reverse the transit, oriented 90Â° to the right of the sight-

ing point; turn the solar telescope in hour angle to early a. m. position. Again

pick up the image of the sighting point. Note the position of the central equa-

torial-wire; if not in coincidence make the correction half with the declination

tangent motion, half with the lower tangent motion of the transit. Repeat the

reversals, and the half and half corrections until there is coincidence in both a. m.

and p. m. positions. The reading of the declination arc will give the index error,

if any, in the setting of the vernier for zero declination.
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The purposes and the order of t.he tests, and in most cases the principles that are 
involved, have already been set out, included in (1) primary field tests, solar unit 
in good order; and, (2) t.he general adjustments, solar diagram method, including 
the alternatives, both with and without the striding levels. These should be 
understood in principle. The explanations that follow are explicit to the extent 
that the prime vertical method gives a different approach to the problem. 

(1) The equatorial wire3, for parallel to axis of reflector.-Start with the solar 
telescope clamped in the latitude of the station; the main telescope set on the 
sighting point, plate reading 00

, reflector in the direction of the sighting point; 
and a north declination set to the value: sin 8=sin <p sin v; then turn the transit 
900 to the right or left. Pick up the image of the sighting point by turning the 
solar telescope in hour angle; use the transit lower tangent motion to bring the 
central equatorial-wire onto the image of the sighting point. Then turn the 
solar telescope in hour anp;Ie. The equatorial-wire should follow the image of 
the 8ighting point across the field. This is the equivalent of test (1) of the 
general adjustments. 

(2) Collimation.-Make' a direct sighting of the solar telescope on the sighting 
point; use the transit tanp;ent motion for horizontal movement, the latitude 
tangent motion for movement in vertical angle. The test and adjustment then 
become the equivalent of test (2) of the general adjustments. 

When the collimation is nearing close adjustment, complete the check by 
moving over to an outside equatorial-wire. Use the transit tangent motion; 
set the equatorial wires on vertical, one outside wire on the sighting point. In 
this position the collimation test should be made by the reversal of one outside 
equatorial-wire into the position of the other. 

(3) The polar azis.-Proceed as explained for test (3) of the general adjust
ments when using the solar diagram. Make the tests with the main telescope 
set on the sighting point, and direct sights through the solar telescope. The 
need for an allowance for the offset between the two telescopes depends upon 
the distance to the sighting point; it may be disregarded if more than one-half 
mile. In the endeavor to make allowance for an offset, much depends upon the 
sharpness of the image, the light, and the quality of the solar telescope for op
tical performance. A low vertical angle to the sighting point is preferred for 
this adjustment, but any vertical angle up to 200 is fully compensated in the 
steps that follow. Complete the first and second adjustments as previously 
explained when using the solar diagram. These two steps will bring the line of 
sight of the solar telescope into normal with the latitude axis, and the two tele
scopes substantially parallel at horizontal. 

The next step is to check carefully for parallelism at horizontal, and to. test 
(5) the reading of the declination arc in true 00 position. 

Set and clamp at 00 latitude, and declination arc at or near 00
• Set the hori

zontal plate to read 00
, the main telescope on the sighting point, the refit-ctor 

toward the sighting point. Then turn the transit 900 to the left; the solar in 
hour angle to late p. m. position. Pick up the reflected image of the sighting 
point; set the central equatorial-wire on the sighting point by the declination 
tangent motion. Now reverse the transit, oriented 900 to the right of the sight
ing point; turn the solar telescope in hour angle to early a. m. position. Again 
pick up the image of the sighting point. Note the position of the central equa
torial-wire; if not in coincidence make the correction half with the declination 
tangent motion, half with the lower tangent motion of the transit. Repeat the 
reversals, and the half and half corrections until there is coincidence in both a. m. 
and p. m. positions. The reading of the ckclination arc will give the inda error. 
if any, in the aetting of the vernier for uro declination. 
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Also, now turn back to 0Â° horizontal plate reading. Observe the sighting

point with the main telescope. The discrepancy here, if any, is the error in par-

allelism at horizontal. This shows what final "touch up", if any, may be required

at the foot post that controls the pointing at horizontal sighting. If small, as

it should be if the direct sighting tests were successfully executed, proceed with

the final test for parallelism before changing the adjustment.

Clamp and set the solar telescope in the latitude of the station; then start

with the main telescope set on the sighting point, plate reading 0Â°, reflector in

the direction of the sighting point, and declination arc set to the value: sin S =

sin if sin v. Then turn the transit 90Â° to the left. Pick up the image of the sight-

ing point by turning the solar telescope in hour angle; use the tangent motion of

the declination arc to bring the central equatorial-wire onto the image of the

sighting point. Now reverse the transit, oriented 90Â° to the right of the sight-

ing point; turn the solar telescope in hour angle, and again pick up the image

of the sighting point. Note the position of the central equatorial-wire; if not in

coincidence make the correction half with the declination tangent motion, half

with the lower tangent motion of the transit. Repeat the reversals, and the

half and half corrections, until there is coincidence-in both a. m. and p. m po-

sitions. Now turn back to 0Â° horizontal plate reading. Observe the sighting

point with the main telescope. The discrepancy, if any, is the error in parallelism

when set in the latitude of the station.

If the parallelism is good when set in the latitude of the station it is better

to let well-enough alone, i. e.â��no further touch-up adjustment is required. If not

quite good, the previous test for parallelism at horizontal will show whether the

final touch up should be made at the foot post that contiols the pointing at hori-

zontal sighting, or if the improvement is required at the foot post which controls

the axis of the latitude arc for horizontal.

It is believed that this prime vertical method affoids the most rigid test and

adjustment of the polar axis that can be applied.

(4) The latitude vernier.â��The test for the reading of the vernier in true position

of zero latitude may be made by direct sighting, first ascertaining a sighting point

(or line) in the true horizontal plane of the solar telescope. This is the equivalent

of test (4) of the general adjustments. Note also, that the primary field test (3) is

made to secure an instrumental latitude at the station, which gives the value to

be employed in solar orientation.

(5) The declination vernier.â��Note that in the adjustment (3) for the rigid test

of the polar axis, one step required and gave an exact determination of the index

error or setting of the vernier for zero declination. Note also, that the field test (2),

preliminary to the test for orientation, is made to ascertain the index correction,

if any, in that position of the arc for the period when the instrument is to be used.

In field practice this is combined with the test for instrumental latitude. The test

of the declination arc in the appropriate order of sequence is called the "prenoon

test".

Begin by making a calculation of the sun's declination, for the apparent noon

of the date, refraction applied. Then compute the horizontal angle A that is to

be employed in making the reversals in this test, using the equation: cos Aâ�� ;

cos v

in this, "8" is the calculated noon declination; A will exceed 90Â° for north declina-

tions; less than 90Â° for south declinations.

Start the test with the main telescope on the sighting point, plate reading at 0Â°,

reflector in the direction of the sighting point. On the solar unit, set and clamped

in 0Â° latitude; declination set at or near the desired noon value. On the first check,

turn the transit to the left in the amount of the computed horizontal angle A.
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Also, now turn back to 0° horizontal plate reading. Observe the sighting 
point with the main telescope. The discrepancy here, if any, is the error in par
aUelism at horizontal. This shows what final "touch up", if any, may be required 
at the foot post that controls the pointing at horizontal sighting. If small, as 
it should be if the direct sighting tests were successfully executed, proceed with 
the final test for parallelism before changing the adjustment. 

Clamp and set the solar telescope in the latitude of the station; then start 
with the main telescope set on the sighting point, plate reading 0 0

, reflector in 
the direction of the sighting point, and declination arc set to the value: sin Ii = 
sin I(J sin v. Then turn the transit 900 to the left. Pick up the image of the sight
ing point by turning the solar telescope in hour angle; use the tangent motion of 
the declination arc to bring the central equatorial-wire onto the image of the 
sighting point. Now reverse the transit, oriented 900 to the right of the sight
ing point; turn the solar telescope in hour angle, and again pick up the image 
of the sighting point. Note the position of the central equatorial-wire; if not in 
coincidence make the correction half with the declination tangent motion, half 
with the lower tangent motion of the transit. Repeat the reversals, and the 
half and half corrections, until there is coincidence· in both a. m. and p. m. po
sitions. Now turn back to 0° horizontal plate reading. Observe the sighting 
point with the main telescope. The discrepancy, if any, is the error in parallelism 
when set in the latitude of the station. 

If the parallelism is good when set in the latitude of the station it is better 
to let well-enough alone, i. e.-no further touch-up adjustment is required. If not 
quite good, the previous test for parallelism at horizontal will show whether the 
final touch up should be made at the foot post that contlols the pointing at hori
zontal sighting, or if the improvement is required at the foot post which controls 
the azis of the latitude arc for horizontal. 

It is believed that this prime vertical method aff'Olds the most rigid test and 
adjustment of the polar axis that can be applied. 

(4) The latitude vernier.-The test for the reading of the vernier in true position 
of zero latitude may be made by direct sighting, first ascertaining a sighting point 
(or line) in the true horizontal plane of the solar telescope. This is the equivalent 
of test (4) of the genelal adjustments. Note also, that the primary field test (3) is 
made to secure an instrvmental latitude at the station, which gives the value to 
be employed in solar orientation. 

(5) The declination vernier.-Note that in the adjustment (3) for the rigid test 
of the polar axis, one step reqmred and gave an exact determination of the index 
error or setting of the velDier for zero declination. Note also, that the field test (2), 
preliminary to the test for orientation, is made to ascertain the index correction, 
if any, in that position of the arc for the period when the instrument is to be used. 
In field practice this is combined with the test for instrumental latitude. The test 
of the declination arc in the appropriate order of sequence is called the" prenoon 
test" . 

Begin by making a calculation of the sun's declination, for the apparent noon 
of the date, refraction applied. Then compute the horizontal angle A that is to 

be 1 d . k' th l' h· . . A sin Ii emp oye lD rna lDg e reversa S lD t 18 test, USlDg the equatIOn: cos =--; 
cos v 

in this, "~" is the calculated noon declination; A will exceed 900 for north declina
tions; less than 90° for south declinations. 

Start the test with the main telescope on the sighting point, plate reading at 00
, 

refiector in the direction of the sighting point. On the solar unit, set and clamped 
in 0° latitude; declination set at or near the desired noon value. On the first check, 
tu rn the transit to the left in the amount of the computed horizontal angle A. 
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Turn the solar telescope in hour angle to late p. m., then pick up the image of the

sighting point, set the central equatorial-wire exactly on the image of the sighting

point by the declination tangent motion. Now orient the transit to the right

of the sighting point on the horizontal angle A; turn the solar telescope to the

early a. m. position. Pick up the image of the sighting point; note the central

equatorial-wire; if not in coincidence make the correction half with the declination

tangent motion, half with the lower tangent motion of the transit. Repeat the

reversals, and the half and half corrections until there is coincidence in both

a. m. and p. m. positions. Now read the declination arc carefully. This is the

right setting of the declination arc for the noon determination of the instrumental

latitude. The discrepancy, if any, between this reading and the value of the

declination as computed is the exact index error for use in that part of the arc.

(6) The hour circle.â��This is the same test as in the general adjustment (6) when

made without the use of the solar diagram. Observe the watch reading and

correction in apparent time at the meridian passage of the sun, for comparison

with the reading of the hour circle. An altitude observation on the sun for

apparent time may be substituted.

82. EXAMINATION, ADJUSTMENT, AND TEST OF THE GENERAL

LAND OFFICE SOLAR TRANSIT

Principal Adjustments and Tests Tests for Repairs and Reconditioning

TRANSIT

Plate levels

Cross wires, horizontal and vertical

Collimation

Horizontal axis

â�� . . . . ... /single bubble

Horizontal sighting < . , , ,,

[reversion bubble

Fitting of vernier, vertical circle

Zero of vernier at two positions of ver-

tical circle

Vert. ang. readings at +40Â° and â��40Â°

Stadia ratio

Needle: pivot, magnetism, and balance

Centers

Focusing movements

Collimation, both long and short focus

Pivots and bearings

Readings, A and B verniers, at intervals

of 30Â°

Repetition of angles, at 30Â°, 60Â°, and 90Â°

Reading of graduations, both circles and

verniers (condition)

Horizontal and vertical clamps and tan-

gent motions (condition)

Leveling screws (condition)

Clean and lubricate (condition)

SOLAR UNIT

Equatorial wires, parallel to axis of

mirror

Collimation

Spacing of equatorial wires

Line of sight, right angle to latitude axis

Latitude axis horizontal

Parallel sighting at horizontal

Parallel sighting at 40Â° N.

Zero, latitude vernier

Reading of latitude arc at 40Â° N.

Zero, declination vernier

Reading of declination arc, noon test,

latitude known

Azimuth tests: a. m. and p. m.

Fitting of telescope in collar bearings

Focusing movements

True image, direct sighting

True image, reflected

Fitting of axis of mirror

Fitting of latitude arc, vernier, clamp,

and tangent motion

Fitting of declination arc, vernier,

clamp, and tangent motion

Reading of graduations, both arcs and

verniers (condition)

Reading of decl. arc at 15Â° N. and 15Â° S.

Reading of decl. arc on 30Â° true hor. ang.

Reading of hour circle
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Turn the solar telescope in hour angle to late p. m., then pick up the image of the 
sighting point, set the central equatorial-wire exactly on the image of the sighting 
point by the declination tangent motion. Now orient the transit to the right 
of the sighting point on the horizontal angle A; turn the solar telescope to the 
early a. m. position. Pick up the image of the sighting point; note the central 
equatorial-wire; if not in coincidence make the correction half with the declination 
tangent motion, half with the lower tangent motion of the transit. Repeat the 
reversals, and the half and half corrections until there is coincinence in both 
a. m. and p. m. positions. Now read the declination arc carefully. This is the 
right setting of the declination arc for the noon determination of the instrumental 
latitude. The discrepancy, if any, between this reading and the value of the 
declination as computed is the exact index error for use in that part of the arc. 

(6) The hour circle.-This is the same test as in the general adjustment (6) when 
made without the use of the solar diagram. Observe the watch reading and 
correction in apparent time at the meridian passage of the sun, for comparison 
with the reading of the hour circle. An altitude observation on the sun for 
apparent time may be substituted. 

82. EXAMINATION, ADJUSTMENT, AND TEST OF THE GENERAL 
LAND OFFICE SOLAR TRANSIT 

Principal Adjustments and Tests Tests for Repairs and Reconditioning 

TRANSIT 

Plate levels 
Cross wires, horizontal and vertical 
Collimation 
Horizontal axis 

. .. {Single bubble 
HorIzontal slghtmg . b bbl reverSIOn u e 
Fitting of vernier, vertical circle 
Zero of vernier at two positions of ver-

tical circle 
Vert. ang. readings at +40° and -40° 
Stadia ratio 
Needle: pivot, magnetism, and balance 

Centers 
Focusing movements 
Collimation, both long and short focus 
Pivots and bearings 
Readings, A and B verniers, at intervals 

of 30° 
Repetition of angles, at 30°,60°, and 900 

Reading of graduations, both circles and 
verniers (condition) 

Horizontal and vertical clamps and tan
gent motions (condition) 

Leveling screws (condition) 
Clean and lubricate (condition) 

SOLAR UNIT 

Equatorial wires, parallel to axis of 
mirror 

Collimation 
Spacing of equatorial wires 
Line of sight, right angle to latitude axis 
Latitude axis horizontal 
Parallel sighting at horizontal 
Parallel sighting at 40° N. 
Zero, latitune vernier 
Reading of latitude arc at 40° N. 
Zero, declination vernier 
Reading of declination arc, noon test, 

latitude known 
Azimuth tests: a. m. and p. m. 
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Fitting of telescope in collar bearings 
Focusing movements 
True image, direct sighting 
True image, reflected 
Fitting ofaxie of mirror 
Fitting of latitude are, vernier, clamp, 

and tangent motion 
Fitting of declination arc, vernier, 

clamp, and tangent motion 
Reading of graduations, both arcs and 

verniers (condition) 
Reading of dec!. arc at 15° N. and 15° S. 
Reading of dec!. arc on 30° true hor. ang. 
Reading of hour circle 
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ACCESSORIES

Transit case and fitting

Adjusting tools and sundries

Striding levels

Tripod, parts and fitting

Tripod case

Shipping box

V: Good

MEMORANDUM

Requires correction Xy/:

Good after correction

THE SUN, SOUTH DECLINATION

Observa-

tion

Telescope

Sun

"Watch time

Observed vertical

angle "

Horizontal angle,

flag to sun

1st

Direct

c:

C)

8h 56"> 00"

8 57 00

22Â° 43' 00"

22 18 00

49Â° 03' 00"

48 15 00

Reversed

Mean.. ..

8h 56" 30"

22Â° 30' 30"

48Â° 39' 00"

2d

Reversed

0

o

8h 57m 30Â»

8 58 30

22Â° 57' 00"

22 34 00

48Â° 42' 00"

47 57 00

Direct

i

Mean

8h 58ro 00"

22Â° 45' 30"

48Â° 19' 30"

3d

Direct

o

:)

8h 59â�¢ 00"

9 01 00

23Â° 15' 00"

22 50 00

48Â° 21' 00"

47 33 00

Reversed

Mean

9h 00m 00'

23Â° 02' 30"

47Â° 57' 00"

108. Example of direct altitude observation of the sun for azimuth and time,

sun south declination:

Date: November 9,1944. Instrument: Buff No. 14187.

Observer: George W. Johnson. Recorder: Ray W. Garrett.

Collimator test of vertical circle,17 September 5, 1944:

Telescope direct, sights good at zero 0Â°00'00''

Telescope reversed, sights high at zero 0 01 00

Mean index correction at zero

At true vertical angle +40Â°00'00"

Mean corrected value +40 00 30

0'30"

-40Â°00'00"

-40 00 00

Mean index corrpction.

-0'30"

0'00'

Transcribed field notes

Nov. 9, 1944, at my station on the random line between sees. 13 and 14, T. 1 S.,

R. 27 W., 5th Prin. Mer., Arkansas, in latitude 34Â°39'37" N., and longitude 93Â°50'

W., elevation above sea level approximately 1,000 ft., and temperature approxi-

mately 40Â° F., at 8h56nl a. m., app. time, in order to verify the adjustments of the

solar unit, I make a series of three altitude observations of the sun for azimuth,

each with the telescope in direct and reversed positions, observing opposite limbs

of the sun, and reading the horizontal angle from a flag on my retracement line

set by solar transit orientation S. 0Â°40' W., SE. to the sun. My watch carries

approximate apparent time.

" In sec. 46 it is required that index corrections be cleared in the field tablet record. A test by collimator

method for index error of the vertical circle used in this observation is given here. The correction for vertical

angle readings follows in the example.

THE SUN, SOUTH DECLINATION 

Transit case and fitting 
Adjusting tools and sundries 
Striding levels 

ACCESSORIES 

Tripod, parts and fitting 
Tripod case 
Shipping box 

MEMORANDUM 
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v: Good X Requires correction Xv: Good after correction 

THE SUN, SOUTH DECLINATION 
108. Example of direct altitude observation of the sun for azimuth and time, 

sun south declination: 
Date: November 9,1944. Instrument: Buff No. 14187. 
Observer: George W. Johnson. Recorder: Ray W. Garrett. 
Collima tor test of vertical circle,11 September 5, 1944: 
Telescope direct, sights good at zero___ _ _ _ _ __ ____ ____ ____ _________ 0°00'00" 
Telescope reversed, sights high at zero____________________________ 0 0100 

Mean index correction at zero____________________________ 0'30" 
At true vertical angle _________________________ + 40°00'00" -40°00'00" 
Mean corrected value _________________________ +40 0030 -40 0000 

Mean index corr&ction _________________ _ -0'30" 0'00" 

Transcribed lield notes 

Nov. 9, 1944, at my station on the random line between secs. 13 and 14, T. 1 S., 
R. 27 W., 5th Prin. Mer., Arkansas, in latitude 34°39'37" N., and longitude 93°50' 
W., elevation above sea level approximately 1,000 ft., and temperature approxi
mately 40° F., at 8 h56m a. m., app. time, in order to verify the adjustments of the 
solar unit, I make a series of three altitude observations of the sun for azimuth, 
each with the telescope in direct and reversed positions, observing opposite limbs 
of the sun, and reading the horizontal angle from a flag on my retracement line 
set by solar transit orientation S. 0°40' \Y., SE. to the sun. My watch carries 
approximate apparent time. 

Observa- Telescope Sun 
I 

Watch time Observed vertical Horizonta] angle, 
tion allgle 17 1lag to sun 

Ist_. ___ Direct ______ -9-+ 8h 56m 00· 22° 43' 00" 49° 03' 00" 
Reversed ____ 8 57 00 22 18 00 48 15 00 

Mean _____ 8h 56m 30· 22° 30' 30" 48° 39' 00" ----_.---- ... -----
2d _____ Reversed ____ 

-9-+ 8h 57m 30· 22° 57' 00" 48° 42' 00" 
Direct ______ 8 58 30 22 34 00 47 57 00 

Mean _____ 8h 58m 00' 22° 45' 30" 48° 19' 30" ----------------
3d _____ Direct. _____ 

-9-+ 8h 59m 00- 23° 15' 00" 48° 21' 00" 
Reversed ____ 9 01 00 22 50 00 47 33 00 

Mean _____ 9h OOm OO'i 23° 02' 30" 47° 57' 00" ---- .. ---_ ... _-----
I 

17 In sec. 46 It Is required that Index corrections be cleared In the field tablet record. A. test by collimator 
method for Index error of the vertical circle used In thJs observation is given here. The correction for vertical 
angle readJDp follows In the example. 
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By 1st obsn. flag bears S. 0Â°39'41" W.

" 2d " " " S. 0 39 53 W.

" 3d " " " 8.0 39 57 W.

Mean, true bearing of flag S. 0Â°39'50" W.

Watch fast of 1. m. t., by 2d obsn. 15mb7'

Field record

The declination of the sun for the mean period of the three observations=

16Â°56'38" S.

The following reductions are made to obtain the true vertical angles of the above

observations:

lit obm. Id oton. id obm.

v = 22Â°30'30" 22Â°45'30" 23Â°02'30"

Transit index correction = -0 30 -0 30 -0 30

Refraction (Coef.:.98x1.02=1.00) = -2 19 -2 17 -2 15

Sun's parallax... +8 +8 +8

/t=22Â°27'49" 22Â°42'51" 22Â°59'53',

The above observations are reduced for azimuth by the equation:

_ sin S

Cos A= tan </> tan h

cos <j> cos h

The function "sin &" becomes negative for south declinations.

1st obsn.:

0 = 34Â°39'37" A=22Â°27'49" 8=16Â°56'38" S.

cos <*>=.822539 sin Â«=-.291435 tan *= .691408

cos/i=.924122 tan/i= .413470

.760126 .760126 -.285876

-.383404 -.383404

Cos A= -.669280

A=S. 47Â°59'19" E.

Hor. ang.= 48 39 00

Bearing of flag=S. 0Â°39'41" W.

2d obsn.:

A=22Â°42'51*

cos </>=.822539 sin Â«= â��.291435 tan </>= .691408

cos h = .922443 tan h = .418600

.758745 .758745 -.289423

-.384101 -.384101

Cos A =-.673524

A = S. 47Â°39'37" E.

Hor. ang.= 48 19 30

Bearing of flag=S. 0Â°39'53" W.
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By 1st obsn. flag bears 
1/ 2d U " Ie 

II 3d u " 

Mean, true bearing of flag 
Watch fast of 1. ID. t., by 2d obsn. 15m 57' 

Field record 

S. 0°39'41" W. 
S.O 3953 W. 
S.O 3957 W. 

S. 0°39'50" W. 

The declination of the sun for the mean period of the three observations= 
16°56'38" S. 

The following reductions are made to obtain the true vertical angles of the above 
observations: 

181 obm. 

v=22°30'30" 
- -030 

td obm. Uobm. 

Transit index correction ______________ _ 
22°45'30" 

-030 
23°02'30" 

-030 
Refraction (Coef.: .98 x 1.02= 1.00) _____ _ - -219 -217 -215 
Sun's paral\ax _______________________ _ + 8 + 8 + 8 

h=22°27'49" 22°42'51" 22°59'53', 

The above observations are reduced for azimuth by the equation: 

sin 8 
Cos A= h -tan q, tan h 

cos q, cos 

The function "sin 8" becomes negative for south declinations. 

1st obsn.: 
q,=34°39'37" h=22°27'49" 8=16°56'38" S. 

cos q,= .822539 sin 8= - .291435 tan q,= .691408 
.413470 cos h=.924122 tan h= 

.760126 

2d obsn.: 
h=22°42'51" 

cos q,= .822539 
cos h=.922443 

.758745 
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.760126 

-.383404 

-.285876 

-.383404 

Cos A = - .669280 
A=S. 47°59'19" E. 

Bor. ang.= 48 3900 

Bearing of flaa:=S. 0°39'41" W. 

sin 8= -.291435 

.758745 

-.384101 

tan q,= 
tan h= 

.691408 

.418600 

-.289423 

-.384101 

Cos A= - .673524 
A=S. 47°39'37" E. 

Bor. ang.= 48 1930 

Bearing of flag=S. 0°39'53" W. 
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3d obsn.:

fc=22Â°59'53"

cos 0 = .822539

cos h=.920518

.757162

sin Â«=-.291435

.757162

-.384904

tan <Â£= .691408

tan h= .424435

-.293458

-.384904

Cos A= -.678362

Aâ��S. 47Â°17'03" E.

Hor. ang.= 47 57 00

Bearing of flag=S. 0Â°39'57" W.

The second observation is reduced for time by the equation:

_ sin h

Cos t = tan <j> tan S

cos 4> cos S

The product "tan <j> tan 5" is additive for south declinations,

cos 0= .822539 sin h = .386134 tan tf>= .691408.

cos Â«= . 956591 tan S= . 304660

. 786833

.786833

. 201644

.490745

.490745

Cost= .701381

t=45Â°27'41"

= 3hlÂ»51"

App. time=8h58m09" a. m.

Equation of time = â�� 16 06

L. m. t. of obsn. =8h42Â»03' a. m.

Watch time of obsn. = 8 58 00 a. m.

Watch fast of 1. m. t.= 15Â°57-

109. The first of the above series is selected for an example of reduction for

azimuth by the equation:

Cos % A=JBin S sin (g-codec-),

V sin colat. sin coalt.

90Â°â��<*> = 90Â°- 34Â°39'37" - 55Â°20'23" = colat.

90Â°-S=90Â°-(-16 56 38 ) = 106 5638 =codec.

90Â°-h = 90Â°- 22 27 49 =56 32 11 =coalt.

2S = 229Â°49'12'

5â��114 54 36

Codec. = 106 56 38

S- codec. = 7Â°57'58"

log sin 5 9. 957593

log sin (5â��codec.) 9. 141724

log 9. 099317
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3d obsn.: 
h=22°59'53" 

cos 4>= .822539 
cos h= .920518 

.757162 

sin 6= -.291435 

.757162 

-.384904 

tan 4>= .691408 
tan h= .424435 

-.293458 

-.384904 

Cos A=-.678362 
A=S. 47°17'03" E. 

Bor. ang.= 47 5700 

Bearing of flag=S. 0°39'57" W. 
The second observation is reduced for time by the equation: 

sin h 
Cos t= -tan 4> tan ~ 

cos 4> cos 0 

The product "tan 4> tan 8" is additive for south declinations. 
cos 4>= .822539 sin h= .386134 tan 4>= .691408, 
cos 8= .956591 tan ~= .304660 

.786833 .786833 

.490745 

.201644 

.490745 

Cos t= . 701381 
t=45°27'41" 
=3h 1m 511 

App. time=8 b58m09" a. m. 
Equation of time= -16 06 

L. m. t. of obsn. = 8b42m 03" a. m. 
Watch time of obsn. = 8 58 00 a. m. 

Watch fast of 1. m. t.= 15m 57" 
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109. The first of the above series is selected for an example of reduction for 
azimuth by the equation: 

Cos ~ A= sin 8 sin (8-codec.) 
sin colat. sin coalt. 

90°-4>=90°- 34°39'37" = 55°20'23"=colat. 
90°- 6=90°-(-16 5638 )=106 5638 =codec. 
900-h=900- 22 2749 = 56 32 11 =coalt. 

log sin 8 
log sin (8-codec.) 

01 IZ b 

28=229°49'12" 
8=114 54 36 

Codec. = 106 56 38 

8-codec.= 7°57'58" 
9. 957593 
9. 141724 

log 9. 099317 
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log sin colat. 9. 915156

log

9. 099317

log sin coalt. 9. 965729

log 9. 8801

585 â�¢

9. 880885

log cos3 H A.

9. 218432

log cos a A

=

9. 609216

ViA

=

66Â°00'21"

A

=

N.

132 00 42 Â£.

=

B.

47Â°59'18" E.

Hor. ang.

48 39 00

Bearing of flag

S.

0Â°39'42" W

110. The second of the above series is selected for an example of reduction

for azimuth by the equation:

Tan

v A= /cos H Q-+4>+*) sin H (r+<ft-S)

A Vcos H ({â�¢-*-Â«) sin H (f-* + Â«)

90Â°00'00"

h = 22 42 51

f = 67Â°17'09"

4> = 34 39 37

f =67Â°17'09"

* =34 39 37

~r

f+<t> =101Â°56'46"

$-<t> =32Â°37'32"

a =16 56 38

S = 16 56 38 (-)

f+*+8 = 85Â°00'08"

f-^ + 8 =15Â°40'54"

H (f-* + *)= 7Â°50'27"

{â� -<*> =32Â°37'32"

5 =16 56 38

(f+ * + Â«)= 42Â°30'04"

f+<fr =101Â°56'46"

S = 16 56 38 (-)

f+^-8 =118Â°53'24"

({â� +*-Â«)= 59Â°26'42"

f-0-5 =49Â°34'10"

H ({â��*-Â«) = 24Â°47'05"

9. 867623

9. 935075

log cos H (f+*+*)

log sin % (f+*-Â«)

9. 802698

log cos H (râ��*-)

9. 958033

9. 134873

log sinH (f-*+)

9. 092906

9. 092906

lo(

5 tan1 Yi A

= 0. 709792

= 0.354896

= 66Â°10'12"

lOf

; tan y2 A

XA

A

N. 132Â°20'24" E.

Hor.

angle

S. 47Â°39'36" E.

= 48 19 30

Bear

ing of flag

S. 0Â°39'54" W.

(-)
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log sin colat. 
log sin coalt. 

log 
9.915156 
9.965729 

log 9.880885 

log co 52 ~ A -
log cos ~A -

~A -
A -

-
Hor. ang. -

Bearing of flag 

9.099317 

9. 880885 

9. 218432 
9. 609216 

66°00'21" 
N. 132 0042 E. 
S. 47°59'18" E. 

48 3900 

S. 0°39'42" W. 

110. The second of the above series is selected for an example of reduction 
for azimuth by the equation: 

Tan ~ A= cos ~ (.1+41+6) sin ~ (.1+41-6) 
cos ~ (.1-41-8) sin ~ (.1-41+8) 

90°00'00" 
h = 22 4251 

.I = 67°17'09" 
41 = 34 3937 

.1+41 = 101 °56'46" 
8 = 16 5638 (-) 

.1+41+6 = 85°00'08" 
~ (.I + 41 + 6) = 42°30'04" 

.1+41 = 101 °56'46" 
3 = 16 56 38 ( - ) 

.1+41-3 = 118°53'24" 
~ (.1+41-6) = 59°26'42" 

log cos ~ (.1+41+6) 
log sin ~ (.1+41-8) 

log cos Y2 (.1- 41 - ) 9. 958033 
log sin ~ (.1-41+) 9.134873 

9.092906 

.I = 67°17'09" 
41 =34 3937 

I 
.1-41 =32°37'32" 

6 =16 5638 (-) 

.1-41+8 =15°40'54" 
~ (.1-41+6) = 7°50'27" 

.1-41 =32°37'32" 
3 =16 5638 (-) 

.1-41-3 =49°34'10" 
~ (.1-41-8) =24°47'05" 

9. 867623 
9.935075 

9.802698 

9.092906 

log tan2 Y2 A -
log tan ~ A -

~A 

O. 709792 
0.354896 

66°10'12" 
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Hor. angle 

N. 132°20'24" E. 
S. 47°39'36" E. 
- 48 1930 

Bearing of flag S. 0°39'54" W. 
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111. The second of the above series is likewise selected for an example of

reduction for time by the equation:

Tan Yit

. /sin % (f+0-8) sin g (f-0 + 8)

Vcos>/2

log sin y-t (f + 0-8)

log sin H (f-0 + Â«)

M (f+*+Â«) cos h (r-*-Â«)

9. 935075

9. 134873

log cos H (f+* + Â«)

log cos Yi (fâ��0 â��Â«)

9. 069948

9. 867623

9. 958033

9. 825656 9. 825656

log tan* H' = 9.244292

log tan H< = 9. 622146

#* = 22Â°43'50"

i = 45Â°27'40"

= 3h01-51Â»

App. time of observation

Equation of time

L. m. t. of observation

Watch time of observation

Watch fast of 1. m. t.

= 8h58m09Â« a. m.

= -16 06

= 8h42m03' a. m.

= 8 58 00 a. m.

= 15-57-

COMPUTATION OF GEOGRAPHIC POSITION

Table of " M" and " P" Factors, and Explanation for the Conversion of Ordinary

Latitudes and Departures in Chains Measurement to Seconds of Latitude and

Longitude, With Examples.

133. The " M" factors may be applied directly to measurements along a merid-

ian; "P" factors to measurements along a parallel. A traverse that extends in

the same general direction may be reduced to the equivalent latitude and depar-

ture, then convert the totals. Where there are abrupt changes in the direction

(especially of long traverses), a conversion should be made to each of the principal

turning points.

The latitudes should be converted first.

When taking out the "P" factor, use the latitude of the township or section line

from which the measurement is taken. On a traverse, use the mean latitude.

Where a traverse is converted in intervals, use xhe mean latitudes between the

successive principal turning points.
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111. The second of the above series is likewise selected for an example of 
reduction for time by the equation: 

Tan ~ t= Isin ~ (t+q,-o) sin ~ (t-q,+o) 
V cos ~ (r+q,+c5) cos ~ (t-q,-c5) 

log sin ~ (r+q,-c5) 9.935075 
log sin ~ (t-q,+') 9. 134873 

log cos ~ (r+q,+c5) 
log cos ~ (r-q,-I) 

9.867623 
9. 958033 

9. 069948 

9. 825656 9. 825656 

log tan2 Yz t=9. 244292 
log tan Yz t= 9. 622146 

~ t=22°43'50" 
t= 45°27' 40" 
=3bOl m 51" 

App. time of observation 
. Equation of time 

- 8 h58m09" a. m . 
- -16 06 

L. m. t. of observation 
Watch time of observation 

Watch fast of 1. m. t. 

8 h42 m03" a. m. 
8 58 00 a. m. 

COMPUTATION OF GEOGRAPHIC POSITION 
Tabu oJ" M" and" P" Factors, and Explanation for the Conversion of Ordinary 

Latitudes and Departurea in Chains )1.[ easurement to Seconds of Latitude and 
Longitude, With Examples. 

133. The" M" factors may be applied directly to measurements along a merid
ian; "P" factors to mea.'mrements along a parallel. A traverse that extends in 
the same general direction may be reduced to the equivalent latitude and depar
ture, then convert the totals. Where there are abrupt changes in the direction 
(especially of long traverses), a conversion should be made to each of the principal 
turning points. 

The latitudes should be converted first. 
When taking out the" P" factor, use the latitude of the township or section line 

from which the measurement is taken. On a traverse, use the mean latitude. 
Where a traverse is converted in intervals, use t.he mean latitudes between the 
successive principal turning points. 
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The following example prepared for 45Â° latitude is a condensed form derived

from a table of "M" and "P" factors published by the U. S. Geological Survey.

l.at.

nat M

nat P

Did. nat P

d0>

5"

logM

logP

Dlff. log P

5*

Lat.

O /

1'

â�¢a

3'

4'

1'

V

3'

4'

o t

45 0

.65167

66

66

64

63

62

.91847

27

27

27

27

27

27

27

28

28

28

28

28

63

54

54

54

54

55

54

55

55

66

56

56

80

80

81

81

82

82

82

83

83

83

83

85

106

107

108

108

109

110

109

9.814027

0. 963065

3696

4328

4962

6598

6236

128

126

252

253

254

254

265

256

256

257

258

259

260

260

379

505

508

607

509

510

512

513

614

517

518

619

521

45 0

5

6

.91980

2

4

21

379

380

382

383

384

385

386

388

388

389

391

11

10

15

20

.92114

7

9

11

14

14

127

127

128

128

128

129

129

129

130

130

21

32

10

16

20

25

249

08

384

4002

43

53

64

75

85

96

107

117

25

520

3995

.â� Â»

.65161

60

69

58

57

.92657

9. 8139S9

82

76

70

63

9.966876

7517

8160

8808

30

35

40

45

50

65

35

.92931

793

no

16

18

20

22

25

40

45

50

. 93069

208

110

111

111

113

9. 969453

55

.65157

.93347

9.813957

9.970102

46 0

.65155

.93488

9. 813950

9.970753

46 0

The column headed d<j>5" supplies the differences in nat P and log P at intervals

of 5"; intervals of 1, 2, 3, and 4" may be taken on the lines for 10, 20, 30, and

40', at one tenth.

Example of interpolations: latitude = 45Â°23'39".

45Â°20'

35"

4"

natP: .92384

82

16

2

logP: 9.905593

383

75

.92484

9.966064 45Â°23'39"
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The following example prepared for 45° latitude is a condensed form derived 
from a table of 4IM" and 4IP" factors published by the U. S. Geological Survey. 

Dur. nat P Dill. log P 
Lat. natM nat P II. logM logP tf Lat. 6" 

I~~~ l' 2' 3' .' I' 

-- - - ---
0 , 0 , 

4& 0 .&1117 .91847 27 63 80 106 9.814027 II. 9630f>5 126 2S2 379 505 4& 0 
6 66 .91980 27 M 80 107 2 21 3696 126 263 379 506 11 6 

10 66 • Wol1l4 27 M 81 lOS 4 14 4328 127 2M 380 607 21 10 
15 M 249 27 M 81 lOi1 7 OS 4962 127 2M 382 li09 3<1 16 
a> 63 384 27 64 82 109 9 4m2 6..~ 123 2M 383 S10 .a 2n 
26 62 62n 27 66 82 110 11 3005 6236 128 256 384 612 63 25 
30 .611161 .92657 27 M 82 109 14 9.813989 11.966876 128 266 385 S13 M 30 
35 60 793 28 66 83 110 16 82 7617 129 257 386 sa 76 35 
40 69 .92931 28 66 83 110 18 76 8160 129 258 388 617 8.5 40 
45 68 .93069 28 66 83 111 2n 70 8806 129 259 388 518 00 45 
50 67 208 22 63 9.969463 107 60 
65 .611157 .93347 28 66 83 III 25 9.813957 9.970102 130 260 389 619 117 66 28 66 86 113 130 260 391 621 

46 0 .611156 .93488 9.8131150 9.970763 46 0 

The column headed dq,5" supplies the differences in nat P and log P at intervals 
of 5" j intervals of I, 2, 3, and 4" may be taken on the lines for 10, 20, 30, and 
40', at one tenth. 

Example of interpolations: latitude - 4&°23'39". 

4&020' 
3' 

35" 
4" 

nat P: .92384 
82 
16 
2 
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.92484 

log P: 9.965598 
383 

76 
8 

9. 966064 45°23'39" 
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FLAT TOP A

US.C&G.S. ... Â£Â»

S.89Â°STE.

Example of reductions.

See Specimen Township Plat.

From the cor. of sees. 23, 24, 25, and 26, trian-

gulation station "Flat Top" bears N. 4GÂ°57' \V.,

94.01 chs. dist.; an official bronze tablet, seated

in a concrete base; U. S. C. 4 O. S., North

American Datum, 1927:

Latitude - 45Â°47'28.571"

Longitude-107Â°56'31.003"

Traverse: Chs.

N. W.

N. 69Â°11' W., 24.93

N. 61Â°18'W., 39.11

N. 16Â°53' W., 38.19

8.86 23.30

18. 78 34. 31

36.54 11.09

N. 46Â°57'W., 94.01

64.18 68.70

For mean !at. of traverse: For S

natP:45Â°45' .93069

7 66

6" 2 1 â�  â�  â� 

8" 1 2" .93128

bdy. of Tp.:

.93069

1

.93070

S E

160.00 .05

.07 80.00

45Â°47'28. 671"

41.818"

1'44. 298"

45Â°45' 2.455"

To SE. cor. of Tp.:

S. 0Â°01' E., 160.00

S. 89Â°57' E., 80. 00

Lat. of Sta. "Flat Top"

na. M = .65158

South: .65158X 64.18=

.65158Xlfi0. 07=

104. 298"

Lat. of SE. cor. Tp.

Memo.: Before taking out the "P" factors

note (by inspection) that the mean latitude of

the traverse is 45Â°47'08" (subtract, from the

latitude of "Flat Top", one-half the latitude

interval of the traverse, 20.9"); also, note that

to reach the SE. cor. of the Tp. the easting was

measured along the township line.

Long, of Sta. "Flat Top": 107Â°56'31.003'

East: . 93128X68.70=63.979" 1' 3.979"

.93070X80.05=74.603" 1'14.503"

Long: of SE. cor. of Tp.: 107Â°54'12.521"
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Example of reductions. 

See Speelmen Township Plat. 

From the cor. of secs. 23, 24, 25, and 26, trian
gulation station "Flat Top" bears N. 46°57' W., 
94.01 chs. dfst.; an omclal bronze tablet, seated 
In a concrete base; U. S. C. & O. S., North 
American Datum, 1927: 

Latitude - 45°47'28.571" 
Longftude-l07°!i6'31.003" 

'I'TarJeT.e: Cu. 
N. 69°11' W., 24.93 
N. 61°18' W., 39.11 
N.16°li3' W., 38.19 

N. 46°67' W., 9(.01 

For mean lat. of traverse: 
nat P: ~046' .93069 

2' 66 
6" 2 \ .. 

N. W. 
8.86 23.30 

18.78 34.31 
36.64 11.09 

64.18 68. 70 

For S. bdy. of Tp.: 
.93069 

80.00 
589°57'£. 

To SE. cor. of Tp.: 
S. 0°01' E., 160.00 
S. 89°57' E., 80.00 

Lat. of Sta. "Flat Top" 
na. M .... 65158 
South: . 65158X 64. 18-

• 65158XInO. 07-
104.298" 

Lat. of SE. cor. Tp. 

S. E. 
160. 00 .05 

.07 SO. 00 
-

45°47'28. 671" 

41.818" 

1'44.298" 

45°45' 2. 455" 

Memo.: Before taking out the UP" factors 
note (by inspection) that the mean latitude of 
the traverse Is 45°47'08" (5ubtrach (rom the 
latitude of "Flat Top", one-hal! Ule latitude 
Interval of the traverse, 20.9"); also, note that 
to reach the BE. cor. of the Tp. the eastlng was 
measured along the township line. 

Lcmi. of Sta. "Flat Top": 
East: . 93128X68. 70-63. 979" 

• 93070XSO. 05- H. wa" 

107°56'31. 003' 
l' 3.979" 
1'14. wa" 

8" 1 2" 1 Lolli: of SE. cor. of Tp.: 
-- .98070 -- .93128 
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Appendix III

COMPLETION OF PARTIALLY SURVEYED SECTIONS

216. On the accompanying diagrams, figures Nos. 56 to 64, inclusive, are

shown various examples of the procedure for the completion of the survey of ir-

regular sections which contain outlying areas protracted as surveyed, illustrating

the rules of survey that are necessary for the protection of such areas.

217. Let it be assumed that adjacent to two established section lines, the

meridional line of which is out of limits in measurement, an outlying regular

quarter section has been protracted as surveyed; then to complete the section the

new section lines will be extended from the previously established section corners,

parallel to the opposite established boundaries, or mean course thereof, to a mu-

tual intersection. The quarter-section corner on the new latitudinal section line

would be established regularly at the mean point, and would ordinarily be marked

to control the subdivision of two sections. On the new meridional boundary one

or two quarter-section corners may be required; one marked to control the sub-

division of the section under consideration will be established at 40 chains from

the original section corner; the same quarter-section corner would be marked to

control the subdivision of the adjoining section if the fractional measurement is

to be thrown in the same direction in the two sections, otherwise an additional

quarter-section corner marked to control the subdivision of the adjoining section

would ordinarily be placed at 40 chains from the new section corner. Again, let

the same condition be assumed with the exception that the latitudinal section line

instead of the meridional line is found to be defective in measurement. Then, to

complete the section, the new meridional line would be surveyed as in regular

subdivision, parallel to the opposite meridional line, or mean course thereof, ordi-

narily with quarter-section and section corners of maximum control at 40 and

80 chains, respectively. The new latitudinal section line would then be estab-

lished on a true line between the section corners, and one or two quarter-section

corners will be established as required; one marked to control the subdivision of the

section under consideration will be established at 40 chains from the original sec-

tion corner; the same quarter-section corner would be marked to control the sub-

division of the adjoining section if the fractional measurement is to be thrown in

the same direction in both sections, otherwise an additional quarter-section corner

marked to control the subdivision of the adjoining section would ordinarily be

placed at 40 chains from the new section corner.

218. Let another assumption be made that adjacent to two established section

lines, the meridional line of which is out of limits in alinement, an outlying regular

quarter section has been protracted as surveyed; then to complete the section, the

new meridional line will be projected as a sectional guide meridian, in accordance

with the usual rules, ordinarily with quarter-section and section corners of maxi-

mum control at 40 and 80 chains, respectively. The new latitudinal section line

would then be established on a true line between the section corners, with one or

two quarter-section corners as required; one marked to control the subdivision of

500
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COMPLETION OF PARTIALLY SURVEYED SECTIONS 

216. On the accompanying diagrams, figures Nos. 56 to 64, inclusive, are 
shown various examples of the procedure for the completion of the survey of ir
regular sections which contain outlying areas protracted as surveyed, illustrating 
the rules of survey that are necessary for the protection of such areas. 

217. Let it be assumed that adjacent to two established section lines, the 
meridional line of which is out of limits in measurement, an outlying regular 
quarter section has been protracted as surveyed; then to complete the section the 
new section lines will be extended from the previously established section corners, 
parallel to the opposite established boundaries, or mean course thereof, to a mu
tual intersection. The quarter-section corner on the new latitudinal section line 
would be established regularly at the mean point, and would ordinarily be marked 
to control the subdivision of two sections. On the new meridional boundary one 
or two quarter-section corners may be required; one marked to control the sub
division of the section under consideration will be established at 40 chains from 
the original section corner; the same quarter-section comer would be marked to 
control the subdivision of the adjoining section if the fractional measurement is 
to be thrown in the same direction in the two sections, otherwise an additional 
quarter-section corner marked to control the subdivision of the adjoining section 
would ordinarily be placed at 40 chains from the new section corner. Again, let 
the same condition be assumed with the exception that the latitudinal section line 
instead of the meridional line is found to be defective in measurement. Then, to 
complete the section, the new meridional line would be surveyed as in regular 
subdivision, parallel to the opposite meridional line, or mean course thereof, ordi
narily with quarter-section and section corners of maximum control at 40 and 
80 chains, respectively. The new latitudinal section line would then be estab
lished on a true line between the section corners, and one or two quarter-section 
corners will be established as required; one marked to control the subdivision of the 
section under consideration will be established at 40 chains from the original sec
tion corner; the same quarter-section corner would be marked to control the sub
division of the adjoining section if the fractional measurement is to be thrown in 
the same direction in both sections, otherwise an additional quarter-section corner 
marked to control the subdivision of the adjoining section would ordinarily be 
placed at 40 chains from the new section corner. 

218. Let another assumption be made that adjacent to two established section 
line!'!, the meridional line of which is out of limits in alinement, an outlying regular 
quarter section has been protracted as surveyed; then to complete the section, the 
new meridional line will be projected as a sectional guide meridian, in accordance 
with the usual rules, ordinarily with quarter-section and section corners of maxi
mum control at 40 and 80 chains, respectively. The new latitudinal section line 
would then be established on a true line between the section corners, with one Or 
two quarter-section corners as required; one marked to control the subdivision Of 
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Fig.56.

Parallel to S bdy.

~^mmmmmmmmm

Shown as

1

1

Parallel to S. bdy

Mid-point

I

80

80 Â§

~l "

"1

1 ~s

1 si

u 1
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J 1 4 |

1 V

i

i
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1

5

-j

Shown os

regular

! 7

!

I 7

8

East boundary of section out of limits In measurement; southeast quarter protracted as surveyed; and

section to be completed.
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80 

Fig.56. 
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section to be completed. 
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Fig. 57.

Random and true.

(20.00)

80

t

o

80

(20.00)

(froc.)

3
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(20.00)

I

L.

J

^ Shown os

"I regular.

(Free.) |

Random and true.

(20.00)
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3
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8

I
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South boundary of section out of limits in measurement; southeast quarter protracted as surveyed; and

section to be completed.
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Fig.57: 
Random and true. 
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Random and true.

Fig.

58.
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East boundary of section out of limits in alinement; southeast quarter protracted as surveyed; and section

to be completed.
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Fig.58. 
Random and true. 
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the sectioD under consideration will be required at 40 chains from the original

section corner; the same quaiter-section corner would be marked to control the

subdivision of the adjoining section if the fractional measurement is to be thrown

in the same direction in both sections; otherwise an additional quarter-section

corner marked to control the subdivision of the adjoining section will ordinarily

be established at 40 chains from the new section corner. On the other hand, if

the same conditions be assumed with the exception that the oiiginal latitudinal

section line instead of the meridional line is found to be defective in alinement

then the new latitudinal section line will have to be established as a sectional cor-

rection line, exactly in accordance with the rules already given for running such

lines, ordinarily with section corner of maximum control at its intersection with

the new meridional section line, and quarter-section corner of maximum control at

mid-point. On the new meridional section line one or two quarter-section corners

may be required; one marked to control the subdivision of the section under con-

sideration will be established at 40 chains from the original section corner; the

same quarter-section corner may be marked to control the subdivision of the ad-

joining section if the fractional measurement is to be placed in the same direction

in the two sections, but if the fractional measurement is to be thrown in the op-

posite direction in the adjoining section an additional quarter-section corner

marked to control the subdivision of that section would ordinarily be required at

40 chains from the new section corner.

219. Many cases will arise in the field involving combinations of two or more

of the above simple examples, in which instance the engineer is advised to prepare

a diagram illustrating the conditions found in the original survey, whereupon the

new section lines may be shown with alinement in accordance with the usual rules

for subdividing townships, noting that the new section lines are to be initiated at

the previously established original section corners, and that the length of the

meridional boundary will depend both upon the regularity of the length of the

opposite original meridional section line and upon the alinement of the previously

established latitudinal section line; thereupon the engineer may at once show

upon his diagram the position of the necessary quarter-section corners on the new

section lines, all in conformity with the simple rules already stated.

220. Other instances will be found where half sections are shown upon the

original approved plat protracted as surveyed, in some cases where only the

opposite section line has not been established and in other cases where parts of

the adjacent as well as the opposite section lines have not been established.

In case only one section line remains to be established, it will be located upon the

true line connecting the original section corners, regardless of bearing; the new

opposite quarter-section corner marked to control the subdivision of the stated

section will be placed at mid-point, regardless of the length of the new section

line; the position of the quarter-section corner marked to control the subdivision

of the adjoining section will depend upon the plan of subdividing the remaining

public land. Partially surveyed section lines will be completed by extension, the

alinement of the same being governed by the usual rules for regular subdivision;

the latitudinal or meridional position of the remaining section line (opposite to

the half section protracted as surveyed) will usually be controlled by the position

of the nearest original section corner, and the alinement of the same will depend

upon the usual rules for regular subdivision; the new opposite quarter-section

corner marked to control the subdivision of the section containing such half

section protracted as surveyed will be placed at mid-point in every case; the

position of the quarter-section corner marked to control the subdivision of the
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adjoining section will depend upon the manner of subdividing the remaining

public land.

221. Various other examples will be found where fractional areas, as along the

north or west boundary of a township, are shown upon the original approved plat

protracted as surveyed. In all such instances the same rules, heretofore stated,

may be applied, with the single exception that a calculation must be made, based

upon the areas shown upon the original plat, of the theoretical lengths of all lines

not established in the original survey. Such calculated distances will then

control instead of the usual regular lengths of section lines as heretofore assumed;

also, if such calculated distances count from two directions, and irregularities are

developed, the calculations must again be resolved into proportional distances to

agree with actual measurements between the controlling points.
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Appendix V

HALF-MILE POSTS, ALABAMA AND FLORIDA

376. All lost interior quarter-section corners will be restored by single propor-

tionate measurement between the adjoining section corners, after the section

corners have been identified or relocated.

In the early practice in parts of Alabama and Florida, so-called "half-mile posts"

were established at distances of 40 chains from the starting section corner; the

term was applied where the line might be more or less than an exact 80 chains in

record length, and where by later methods the latitudinal lines have been run as

"random and true". The practice contemplated that in some cases these sub-

divisional lines be run in cardinal directions to an intersection, where the next

section corner would be placed, and either or both lines might be more or less

than 80 chains in length. In some cases the section corners were placed across

the township at intervals of 80 chains on one of the cardinal lines, and the other

lines would be run on random only. On the first plan the "half-mile post" would

not be at mid-point unless the line turned out to be 80 chains in length; on the

second plan the "half-mile post" on the lines first run would be in true position

for the quarter-section corner, but on the lines last run they would usually not

be on true line, nor at mid-point.

In both cases, in order to meet the objection that the position of the "half-mile

post" did not satisfy the legal requirements for the subdivision of a township,

field notes were supplied which gave a true line direction and the mid-point dis-

tance for a quarter-section corner, which was called for, but without actually

running the true line or constructing a monument at that point. In these cases

only the true line field notes need be regarded if the evidence of the "half-mile

post" has disappeared; but where the latter can be identified the point must be

given proper weight for control as indicated in section 359. Each set of field

notes requires its individual consideration, as the practices were not uniform

even in the same surveying district.

The applicable rules for the restoration of the true line mid-point positions for

the quarter-section corners in the above practices are derived from the act of

February 11, 1805 (R. S. sec. 2396), which requires that "The corner of half and

quarter sections not marked shall be placed as nearly as possible equidistant from

those two corners which stand on the same line".

The rules may be stated specifically as follows:

1. In case the "half-mile post" and quarter-section corner are recorded as being

at a common point, the identified "half-mile post" will be restored as the quarter-

section corner.

2. If there is evidence of the position of the section corners in both directions,

and if the record leaves doubt as to the establishment of the "half-mile post" on

the true line, the quarter-section corner will be monumented at mid-point on the

mie line, disregarding the record of the "half-mile post".

3. In the absence of evidence at one or both section corners and where the record

leaves doubt regarding the running and marking of the true line, the "half-mile
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post" will be employed on a north and south line for the control of the latitude of

the quarter-section corner, or on an east and west line for control of its position

in departure, using the record correction for distance. The alinement of the sec-

tion boundary and the position of the quarter-section corner on the true line will

be adjusted to the location of the two section corners after the double proportionate

measurements have been completed.

4. Where the field notes show proper location for alinement and record correc-

tion for distance, the "half-mile post" will be employed for the full control of the

position of the quarter-section corner, and for the restoration of the lost section

corners. The position of the quarter-section corner in latitude on a north and

south line, or in departure on an east and west line, will be ascertained by making

use of the record correction for distance from the "half-mile post". The aline-

ment from the position of the "half-mile post" to the point for the quarter-section

corner will be determined by the position of the section corner to the south, if

the record correction for distance is to be made to the north; the section corner

to the north will be used if the record correction for distance is to be measured to

the south; and similarly on east and west lines.

5. The evidence of the "half-mile post" will not be destroyed.
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south line, or in departure on an east and west line, will be ascertained by making 
use of the record correction for distance from the "half-mile post". The aline
ment from the position of the "half-mile post" to the point for the quarter-section 
corner will be determined by the position of the section corner to the south, if 
the record correction for distance is to be made to the north; the section corner 
to the north will be used if the record correction for distance is to be measured to 
the south; and similarly on east and west lines. 

6. The evidence of the "half-mile post" will not be destroyed. 
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Appendix VI

COMPUTATIONS, RETRACEMENT DATA

427. There is set out below the principal elements of a dependent resurvey.

The example is hypothetical, the purpose being to outline the character of the

control that must usually be employed, and frequently the very limited extent

of any available control that may be regarded as acceptable. To simplify the

example, it is shown that a sufficient number of original corner positions can be

identified to make a satisfactory restoration of the township exteriors, including

the northeast corner of the township by double proportionate measurement. A

complete retracement of the township subdivisional lines has been made for the

development of the monuments, -marks, and other evidence of the original survey,

and for the study of the resurvey problem. Reference stakes were set in running

the lines of the retracement to mark temporary corner positions where the original

monuments could not be identified. All entered or patented subdivisions which

were based upon the former official plat were found to be conformable to the con-

trol as developed by the retracement, and as finally adopted for the resurvey.

The diagram illustrates the situation. The example of the computations shows

the conversion from the directions and lengths of lines that were run in the

retracement to the true line courses and distances.

KEY TO DIAGRAM, FIG. 69

A. Identified original corner.

B. Intersection of center lines of public crossroads, intended to be located at section corner and generally

so recognized; accepted as best available evidence of comer.

C and D. Identified original corners.

E. Corner established by local surveyor; record shows proper application of the method of double pro-

portionate measurement; generally recognized as correct position of corner; accepted on an equality with

an identified original corner.

F-M, inclusive. Identified original corners.

N. Same as B.

O. Identified original corner.

P. Intersection of mean position of meridional and latitudinal blazed lines through virgin timber; age

count on overgrowth qualifies for date of original survey.

Q. Restored corner based upon control furnished by latitudinal position of blazed line as above and

fixed in departure by distance to original line tree.

R. Identified original corner.

S. Same as E.

T. Position determined by location of improvements; point agrees approximately with the theoretical

position and it is recognized by adjoining claimants; improvements would be adversely affected by change

of point.

U. Same as E.

V and W. Same as T.

X. Identified original comer.

a. Duly restored by double proportionate measurement and thereafter employed for general control on

an equality with an identified original comer.

b-n, inclusive. Theoretical true line position duly restored by single proportionate measurement.
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the lines of the retracement to mark temporary corner positions where the original 
monuments could not be identified. All entered or patented subdivisions which 
were based upon the former official plat were found to be conformable to the con
trol as developed by the retracement, and as finally adopted for the resurvey. 
The diagram illustrates the situation. The example of the computations shows 
the conversion from the directions and lengths of lines that were run in the 
retracement to the true line courses and distances. 

KEY TO DIAGRAM, FlO. 69 
A. Identified original corner. 
B. Intersection of center lines of public crossroads, intended to be located at section corner and generally 

10 recognized; accepted as best available evidence of corner. 
C and D. Identified original corners. 
E. Corner established by local surveyor; record shows proper application of the method of double pro

portionate measurement; generally recognized as correct position of corner; accepted on an equality with 
an Identified original corner. 

F-M, Inclusive. Identified original corners. 
N. Same as B. 
O. Identified original corner. 
P. Intersection of mean position of meridional and latitudinal blSU!d lines through virgin timber; age 

count on overgrowth qualifies for date of original survey. 
Q. Restored comer based upon control furnished by latitudinal position of blSU!d line as above and 

fixed In departure by distance to original line tree. 
R. Identified original comer. 
S. Same as E. 
T. Position determined by location of Improvements; point agrees aprroximately with the theoretical 

position and It is reco;;nized by adjoining claimants; improvements would be adversely afiected by change 
of point. 

U. Same as E. 
V and W. Same as T. 
X. Identified original comer. 
a. Duly restored by double proportionate measurement and thereafter employed for general control on 

an equality with an identified original corner. 
b-n, inclusive. Theoretical true line positioD, duly restored by single proportionate measurement. 
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Fig.69.

Method

After completing all retracements and having determined upon the general

control to be adopted, as indicated in the diagram and accompanying key, the

true lines of the dependent resurvey, beginning at the southeast corner of the

township, will be reestablished as follows:

Single Proportionate Measurement

Lines: A-B, B-a, A-C, C-D, D-E, E-F, F-G, G-H, H-I, a-J, J-K, K-L,

L-M, and M-I.
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After completing all retracements and ha"ing determined upon the general 
control to be adopted, as indicated in the diagram and accompanying key. the 
true lines of the dependent resurvey, beginning at the southeast corner of the 
township, wID be reestablished as follows: 

Single Proportionate Measurement 

Lines: A-B, B-a, A-C, C-D, D-E, E-F, F-G, G-H, B-1, a-J, J-K, K-L, 
~M, and M-I. 
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Double Proportionate Measurement

Section corners: 1, f-N and b-F; 2, f-N and c-S; 3, O-P and d-X; 4, C-Q

and b-F; 5, C-Q and c-S; 6, C-Q and N-U; 7, C-Q and d-X; 8, g-S and b-F;

9, U-n and d-X; 10, U-n and Q-G; 11, D-L and b-F; 12, D-L and V-i; 13,

D-L and W-j; 14, D-L and d-X; 15, D-L and Q-G; 16, h-X and b-F; 17, h-X

and V-i; 18, h-X and W-j; 19, X-M and Q-G.

Interior Quarter-Section Corners

All missing interior quarter-section corners by single proportionate measure-

ment on line between the adjoining section corners as above determined.

Field Data

The retracements develop the following data in regard to the relative position

of certain points of control and the temporary stakes:

Beginning at f, North, 40.00 chains, set temporary stake; 80.00 chains, set

temporary stake; 120.00 chains, set temporary stake; 160.00 chains, set temporary

stake; 200.00 chains, set temporary stake; 241.20 chairs, fall 90 links W. of N;

meridional excess f-N = 1.20 chains=40 links per 80.00 chains.

Beginning at b, West, 40.00 chains, set temporary stake; 80.46 chains, fall

20 links N. of temporary stake previously set; record of original survey shows

length of line 80.22 chains; continue west, etc., to F; latitudinal deficiency b-F = 84

links = 14 links per 80.00 chains.

Beginning at 2 (temporary stake), East, 40.00 chains, set temporary stake;

80.82 chains, fall 44 links S. of c; record of original survey shows length of line

79.90 chains; run west from temporary stake at 2 on similar plan; latitudinal

excess câ��S = 66 links = 22 links per 80.00 chains.

Calculations

The adjustments of the temporary stakes to true line position, and the deter-

mination of the bearings and lengths of the reestablished true lines, are calculated

as follows:

BETWEEN SECTIONS 35 AND 36

Memo

Course

Dis-

tance

N.

S.

E.

W.

Adjustment at 1 for latitudinal deficiency, 80.46â��

(80.22-0.14).

North

80.00

80.00

.40

0.38

N. 0Â°16' E.

80.40

80.40

.38

.00

.40

.20

.00

.38

.19
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Section corners: 1, f-N and b-Fj 2, f-N and c-8j 3, o-p and d-Xj 4, ~Q 
and b-F; 5, C-Q and c-S; 6, C-Q and N-U; 7, C-Q and d-X; 8, g-8 and b-F; 
9, U-n and d-X; 10, U-n and Q-G; 11, D-L and b-F; 12, D-L and V-ij 13, 
D-L and W-j; 14, D-L and d-X; 15, D-L and Q-G; 16, h-X and b-F; 17, h-X 
and V-i; 18, h-X and W-j; 19, X-M and Q-G. 

Interior Quarter-Section Corners 

AU missing interior quarter-section corners by single proportionate measure
ment on line between the adjoining section corners as above determined. 

Field Data 

The retracements develop the following data in regard to the relative position 
of certain points of control and the temporary stakes: 

Beginning at f, North, 40.00 chains, sct temporary stake; 80.00 chains, set 
temporary stake; ] 20.00 chains, set temporary stake; 160.00 chains, set temporary 
stake; 200.00 chains, set temporary stake; 241.20 chains, fall 90 links W. of N i 
meridional excess f-N = 1.20 chains=40 links per 80.00 chains. 

Beginning at b, West, 40.00 chains, set temporary stakej 80.46 chains, faU 
20 links N. of temporary stake previously set i record of original survey shows 
length of line 80.22 chains; continue west, etc., to F; latitudinal deficiency b-F=84 
links = 14 links per 80.00 chains. 

Beginning at 2 (temporary stake), East, 40.00 chains, set temporary stake; 
80.82 chains, fall 44 links S. of c; record of original survey shows length of line 
79.90 chains j run west from temporary stake at 2 on similar plan; latitudinal 
excess 0-8=66 links=22 links per 80.00 chains. 

Calculations 

The adjustments of the temporary stakes to true line position, and the deter
mination of the bearings and lengths of the reestablished true lines, are calculated 
as follows: 

Memo 

BETWEEN SECTIONS 3.5 AND 36 

Course Dis· 
tance N. s. E. W. 

---------------1-----1---------------
Retracement f-L_______________________________ North 80.00 80.00 _______________________ _ 
Adjustment at I for meridional excess. _______________________ •• _ ••• ___ .40 • ______ •. _ •••. _ •• _ •• ___ • 
Adjustment at !for latitudinal deficiency. BO.46- ________________ • __ • __ •••••• _. _.______ 0.38 •• _. ___ _ 

(80.22-0.14) . 

True line f-l.. _____________________ .____________ N. 0°16' B. BO.40 80.40 •••• _.__ .38 •• _____ _ 

===== Adjustment at L _____________________________ . ______________________ _ 
.00 .00 A4justment at L _____________________________________________________ _ 

Adjustment at ~ sec. cor. (mean) ____________________________________ _ 
.40 _______ _ 
.20 _______ _ 

.38 _______ _ 

. Ii _______ _ 
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BETWEEN SECTIONS 25 AND 26

Memo

Course

Dis-

tance

N.

S.

E.

w.

Adjustment at 2 for latitudinal excess, 80.82â��

(79.90+0.22).

North

80.00

80.00

.80

0.40

0.70

0.38

80.80

.40

.40

.70

.38

.38

N. 0Â°14' E.

80.40

80.40

.32

.411

.38

.70

.80

* BETWEEN SECTIONS 23 AND 24

1.20

.60

1.08

.64

"

North

East

81.20

.90

81.20

0.80

0.90

0.70

81.20

.80

.80

.90

.70

.70

N. 0Â°9' E.

80.40

80.40

.20

Adjustment from 80.00 ch. point on random to N_

.80

1.20

.70

.90

BETWEEN SECTIONS 25 AND 36

West

80.46

2.00

1.00

0.20

1.60

.80

80.46

0.40

0.38

*

.40

.20

.20

.38

80.46

.38

N. 89Â°51' W.

80.08

.20

80.08

.00

.20

.00

Adjustment from 80.00 ch. point on random to

temporary stake at 1.

.40

.38

.46

.40

.20

.20

.38

.46

.38

.20

.08

BETWEEN SECTIONS 24 AND 25

.10

0.44

.04

West

80.82

0.80

0.70

80.82

.80

.44

.44

.70

80.82

.70

N. 89Â°45' W.

80.12

. 36

80.12

.44

.82

.70

.80

1.24

.62

1.52

.76
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Memo 

BETWEEN SECTIONS 25 AND 26 

Course 
Dis

tance N. S. E. W. 

-----------------------1--- ------------
Adjustment at 1 from true to temporary _ _______ _______ ______ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ 0_ 40 ________ 0.38 
Retracement 1-2________________________________ North 80_00 80_00 _______________________ _ 
Adjustment at 2 for meridional excess___________ ______________ ________ .80 _____________ ;, _________ _ 
Adjustment at :I for latitudinal excess, SO_82- ______________ ________ ________ ________ 0_ ,0 _______ _ 

(7UO-/-O.22) • 

________ SO_ 80 .40 .70 .38 _ 40 _______ _ .38 _______ _ 

True line 1-2____________________________________ N. 0°14' E. SO. 40 80.40 _______ _ .32 _______ _ 

============= Adjustment at L ____________________________________________________ _ 
Adjustment at 2 _____________________________________________________ _ 

.38 _______ _ 

.70 _______ _ 
.40 _______ _ 
.80 _______ _ 

1.20 l. 08 
Adjustment at 14 sec. cor. (mean)_______________ ______________ ________ .60 ________ .54 _______ _ 

BETWEEN SECTIONS 23 AND 24 

Adjustment at 2 from true to temporary _ _ ______ ___ _ _ __ _ _ __ ___ _ _ _ _ _ _ _ _ _ _ _ _ ____ 0.80 _ _______ 0.70 
Retracement2-N_______________________________ North 81.20 81.20 ___________ . ___________ _ 
Random line to N ______________________________ East .00 ________ ________ 0.00 _______ _ 

________ 81. 20 .80 .00 .70 
.80 _______ _ .70 _______ _ 

True line 2-N__________________________________ N. 0°9' E. 80.40 80.40 _______ _ .20 . ______ _ 

Adju..'ltmentat:l________________________________ ______________ ________ .80 _______ _ 
Adjustment from SO.OOch. point on random toN_ ______________ ________ 1.20 _______ _ 

.70 _______ _ 

.00 . ______ _ 

1.60 _______ _ 
• SO _______ _ Adjustment at l4 sec. cor. (mean) _____________________________ ======== 2.00 1.00 _______ _ 

BETWEEN SECTIONS 25 AND 36 

Retracement b-L __________________ .___________ West 80.46 ________ ________ ________ SO. 46 
Random line to temporary stake at L ___________________________ . _______ .____ 0.20 _______________ _ 
Adjustmentat 1 temporary to true_____________ ______________ ________ 0.40 ________ 0.38 _______ _ 

. 40 . 20 _ 38 80.46 

.20 ________ ________ .38 

True line b-l. __________________________________ N. 80°51' W. 80.08 .20 ________ ________ 80.08 

===== Adjustment at b________________________________ ______________ ________ ________ .00 ________ .00 
Adjustment from 80.00 ch. point on random to ______________ ________ ________ .20 ________ .46 

A~=r:r::'t~~rarytotrue------------- ______________ ________ .40 ________ .38 _______ _ 
------,---------
--- :~g I------~- ----~~- :~ 
-------- .20 1 ________ -------- .08 Adjustment at J~ sec. cor. (mean)_______________ ______________ ________ .10 ________ ________ .04 

BETWEEN SECTIONS 24 AND 25 

c to random Ilne________________________________ ______________ ________ ________ 0.44 _______________ _ 
Retracement c-2 (reversed).____________________ West 80.82 ________ ________ ________ SO. 82 
Adjustment at 2 temporary to true ___________________________ .. ______ 0.80 _______ . 0.70 _______ _ 

. SO . 44 • 70 SO. 82 .44 ________ ________ .70 

True Une c-:l ____________________________________ N. 89°45' W. SO. 12 .36 ________ ________ 80.12 
==:===== Adjustment from SO.OO ch. point on randomtoc__ ______________ ________ .44 ________ .82 _______ _ 

Adjustment at :I temporary to true_ _ _ __________ ______________ ___ _____ .80 _ _______ .70 _______ _ 

Adjustment at W sec. cor. {mean) _______________ ----__________ ==:::::: 
1.24 1.62 _______ _ 
.62 ________ .76 _______ _ 
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Appendix Vll

SPECIAL SURVEYS, ALASKA

472. Congress has enacted many laws pertaining to the disposal of the public

lands, applicable only to Alaska, which require special tract surveys. The rules

stated in section 472, relating to executing metes-and-bounds surveys and the

specific requirements prescribed in the Manual concerning such subjects as the

limits of closure; marking corners; corner accessories; meandering streams and

other bodies of water; establishing location monuments and the running of con-

necting lines thereto; connecting a corner of a tract, if located upon surveyed

land, to the rectangular system of surveys; marking lines through timber; locating

improvements and noting important topographic items; making azimuth deter-

minations; closing against withdrawn areas; segregating bodies of water covering

areas of 25 acres or more and located entirely within the boundaries of a tract,

etc., govern in surveying tracts in that Territory having irregular boundaries.

Generally no special engineering problems are presented in surveying irregular

tracts in Alaska. However, in preparing the special instructions for the survey

of any area in that Territory, which is subject to disposal or administration under

a specific act of Congress, it is necessary to consider the language of the act and

the regulation thereunder in order that the survey will conform to any special

requirements relating to the size and configuration of the area; shore space restric-

tion; or other factors.

The Code of Federal Regulations, Title 43, Subchapter A, Part numbers 51 to

100, inclusive, contains the rules and regulations governing the special require-

ments for the survey of public lands in Alaska.

The establishment of location monuments in Alaska is an important factor in

making tract surveys. The rectangular system of surveys has been extended

over only a small portion of that Territory and practically all tract surveys are

connected to location monuments. In exceptional cases where, because of

natural obstacles such as high mountains, bays or inlets from the sea, large lakes

or streams, it is impractical to connect the survey with an existing location monu-

ment, although it may be within a distance of two miles, the special instructions

may provide for the establishment of a location monument in a more accessible

place. The site for a location monument should be so chosen that the perma-

nency of the monument will not be endangered by rocks, land movements, erosion,

or other causes. Its latitude and longitude should be determined as accurately

as known data and the instruments used will permit. When practicable, it is

desirable, for obvious reasons, that the monument be connected with other like

monuments or surveys in the vicinity. Where the survey is not within 2 miles

of an established location monument or a corner of the public land survey and it

is within two miles of a well established and recorded Coast and Geodetic Survey

Station which is situated above high tide and is accessible by land at all times, it
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SPECIAL SURVEYS, ALASKA 519

may be connected thereto by course and distance. Additional marks will not be

placed on the Coast and Geodetic Survey marker but the field notes will show

the name of the station and the latitude and longitude, together with a description

of the reference points and other pertinent data.

FOREST HOMESTEAD SURVEYS

Exchange Surveys

472. Homestead entry surveys within national forests are made by employees

of the Forest Service under instructions issued by the regional offices, Bureau of

Land Management, without expense to the applicants, to provide designations

and areas for lands listed as subject to entry under the Act of June 11, 1906

(34 Stat. 233; 16 U. S. C. sees. 506-509).

Exchange surveys, under the act of March 20, 1922 (42 Stat. 465; 16 U. S. C.

sec. 485), are made by employees of the Forest Service under instructions also

issued by the regional offices, Bureau of Land Management.

The Bureau of Land Management, upon request of the Forest Service, executes

homestead entry and exchange surveys on a reimbursable basis.

Regulations governing the survey of homestead entries in national forests were

issued by the General Land Office in 1913, Circular No. 235, dated April 30, 1913

(Survey of National Forest Homesteads, 42 L. D. 124). All technical subjects

relating to surveys contained in this circular were superseded by the Manual

of 1930. (See letter of approval dated June 14, 1930, page v, 1930 Manual).

The cooperative procedure between the Forest Service and the Bureau of

Land Management and certain requirements authorized by the Act of June 11,

1906 (34 Stat. 233; 16 U. S. C. sees. 506-509), together with the consideration of

special conditions not fully covered by the Manual, should be continued as out-

lined in Circular No. 235.

Under the provisions of the law the Bureau of Land Management is respon-

sible for the correctness of homestead entry and exchange surveys although these

surveys may be executed by employees of the Forest Service. The instructions

for such surveys issued must therefore be complete and should refer to the

particular sections in the Manual pertaining to technical standards and the

details involved in making metes-and-bounds surveys. The regular technical

procedure prescribed for executing such surveys should be followed.

The procedure outlined in the Manual for the preparation of field notes and

plats for fragmentary and metes-and-bounds surveys will be followed, including

the regular certificates of approval and acceptance. The purpose of a home-

stead entry survey or an exchange survey is to mark the boundaries of a

particular area on the ground and to furnish a plat and a set of field notes rep-

resenting the survey as the basis for patent or other administrative action.

SOIL STUDIES

538. The purpose of the outline here presented is to acquaint the engineer with

the more important features of soils to the end that proper determinations may be

made in the field as to their occurrence, character and use. Engineers are not

expected to be soil scientists but should have a general knowledge of the subject

to the extent necessary to avoid making serious errors in the practical job of

examining and reporting on soils.

The technical classification of soils is a complex process requiring laboratory

analysis. For practical purposes, however, soils may be classified in the field,
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such classifications being based on a knowledge of the characteristics and proper-

ties of soils and their constituents. As soil science has developed, various descrip-

tive terms for the several characteristics and properties of soils have become more

or less standardized. These terms will serve the engineer both as a check list by

which comparisons may be made, and as a medium for reporting his findings.

The complete description of a soil must include a description of general and

special features of the landscape as well as a description of the soil profile.

Among the more important external features which serve as indicators of soil

and subsoil are relief, drainage, stoniness, and native vegetation. These features

are generally expressed in the following terms:

Relief: Level, undulating, rolling, broken, hilly, mountainous. Here also

should be shown elevation above sea level and erosion features, as sheet,

gully, etc., modified by such terms as moderate, severe. The degree

and direction of slope are important and may be noted with particular

reference to the effect on drainage, erosion, and exposure to the sun.

Drainage: Poor, slow, good, free, excessive. Report depth to water table.

Stoniness: Free, few, common, plentiful, vary.

Native Vegetation: The native vegetation can serve as an indicator of the

soils on which it is found. Whenever possible the native vegetation

should be described. It is important that the general plant associations

including forest, brush, shrub, and grasses, be noted. Common plant

names may be used.

The internal features of a soil are determined from the soil profile. The soil

profile consists of the horizontal layers or horizons, differing from one another in

such properties as depth, color, texture, consistence, structure, and reaction, ex-

tending from the surface down to and including the parent soil material. The

upper or A horizon commonly refers to the cultivable layer. The next lower, or

B horizon, is the subsoil. This is essentially of mineral character. Taken to-

gether, the A and B horizons represent the true soil. The C horizon, lying below

the true soil, may consist of unconsolidated parent material such as hard rock,

clay, or sand, but generally refers to weathered material.

Many soils owe their distinctive characteristics to the parent rocks. Thus,

soils may have an acid or basic reaction depending on the nature of the parent

material. For the same reason they may have a distinctive color. However,

normal soils owe their most important characteristics to the effects of climate and

biological factors. Thus the parent material is not always a true indicator of the

resulting soil.

Parent materials: There are three general classes of parent materials:

Residual: Materials weathered in place from igneous, sedimentary, and

metamorphic rocks.

Moved and redeposited: Materials may be moved and redeposited by

water, wind, glacial action and gravity.

By water: Alluvium, lacustrine deposits, marine sediments, beach

deposits.

By wind: Loess, dune sands, wind drifts.

By glacial action: Glacial till, outwash materials.

By gravity: Talus.

Organic: Woody and fibrous peat, moss peat, sedimentary peat, muck,

diatomaceous deposits.

The several important internal characteristics of a soil which may be observed

in the field and the terms in which these characteristics are commonly expressed

are as follows:
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Depth: All measurements of the depth of horizons should be made with the

top of the A horizon as zero. Accumulations of forest duff or other organic mat-

ter should be measured upward. In describing a soil horizon, the distance from

the soil surface to the upper and lower limits of the horizons should be stated,

viz: 0-4 inches, gray silty loam; 4-16 inches, brown mellow loam grading to

yellowish brown; 16-26 inches, yellowish brown sand loam; 26 inches, mixed

gravel.

Color: The principal soil colors are black, gray, brown, red, and yellow. These

may be modified by the terms grayish, brownish, reddish, yellowish, pinkish,

purplish, bluish or olive to make such terms as grayish brown.

While color in itself is of minor importance it is perhaps the most obvious soil

characteristic and often serves as an indicator of other important soil character-

istics. Dark brown to black soils are regarded as highly productive. These

colors are usually due to a high content of humus. Red or reddish-brown soils

are less fertile than black or dark brown. Yellow, gray, or white soils usually

have low inherent productiveness. In some cases the color of the soil is inherited

from parent material and is not due to the soil forming processes. Streaks or

tongues of color, the result of imperfect drainage, may produce a more or less

distinct mottling.

Texture: Soil texture is determined by the varying proportions of sand, silt

and clay which go to make up the soil.

Sand grains feel gritty to the fingers and can be distinguished by the naked

eye; silt, barely visible to the naked eye, has the appearance and feel of flour;

clay is easily recognized, being composed of very fine particles, sticky, slippery,

and plastic.

Loams are essentially mixtures of clay, silt, and sand, together with varying

proportions of well decomposed vegetable matter, humus.

The principal soil classes in the increasing order of silt and clay are as follows:

sand, loamy sand, sandy loam, loam, silt loam, clay loam, and clay. In addition,

there are recognized textures that have been named because of the particular

size of the coarser particles, such as fine sand, loamy fine sand, fine sandy loam,

coarse sandy loam, and gravelly loam. Variations within the clay and clay loam

classes are indicated as sandy clay, silty clay, sandy clay loam, and silty clay

loam. Soils containing a sufficient content of stone to influence its use may have

the term stony added to its designation.

Consistence: Soil consistence refers to the different grades of compactness.

The relative terms commonly used for defining soil consistence are: loose or open;

slightly, moderately, or very compact; mellow; friable; crumbly; plastic; sticky;

hard; and cemented. Soil consistence varies with the soil moisture. Therefore,

consistence must be related to the moisture conditions at the time of observation.

In addition to the foregoing, there are other important characteristics which,

since they are not easily determined by simple observation in the field, cannot be

expected to fall within the general scope of the engineer's work. These

characteristics include:

Structure: Soil structure refers to the arrangement of the individual soil

grains. The several types of soil structure are: single grain, crumb, granular,

fragmentary, mulch, prismatic, columnar, platy, shot, and angular nut.

Reaction: Soil reaction refers to the acidity or alkalinity of the soil. Soil

acidity is generally described in terms of pH values ranging from extremely acid,

below pH 4.5, through neutral, pH 6.6â��7.3 to very strongly alkaline, pH 9.1 and

higher.1

i The "pH" factor is an arbitrary term in general use to indicate the relative alkalinity or acidity of the soil.
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Appendix VIII

SPECIMEN

FIELD NOTES

OF THE SURVEY OF THE

THIRD STANDARD PARALLEL NORTH

ALONG THE SOUTH BOUNDARY OF TOWNSHIP 13 NORTH

THROUGH RANGES 21, 22, 23, AND 24 EAST

THE SIXTH GUIDE MERIDIAN EAST

THROUGH TOWNSHIPS 13, 14, 15, and 16 NORTH

BETWEEN RANGES 24 AND 25 EAST

AND THE

WEST AND NORTH BOUNDARIES OF

TOWNSHIP 13 NORTH, RANGE 24 EAST

[Note: Remainder of title omitted]
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Third standard parallel north, along the south boundary of T. 13 N., R. SI

Chains

28.10

40.00

The survey is executed with a engineer's transit, Serial No , property of the

General Land Office. The horizontal circle has a diameter of 5H ins. and two double opposite

verniers reading to 30"; the diameter of the vertical circle is 5 ins., with one double vernier

reading to single minutes. The instrument is in good condition and, having been placed in

satisfactory adjustment prior to beginning the survey, is tested and found free from appreciable

error.

As the line to be established traverses land that is heavily timbered, but mostly without a

dense undergrowth, the secant method is selected; the controlling meridian is established by

observation upon Polaris, as shown in the field notes; the bearing of the secant is deflected from

the meridian by repetition of angles and is carried forward by transit line, taking the mean of

direct and reversed sights at each instrument station.

The measurements are made with narrow steel tapes, 5 chs. and 8 chs. in length; each tape

is graduated every link for the first 100 Iks. and thereafter at intervals of 10 Iks. The tapes are

tested by comparison with a 1-chaln standard steel tape and found correct. Both sets of meas-

urements are made on the slope and the vertical angles are determined by clinometers in good

adjustment; the field notes show the horizontal equivalents. The line is double chained and

the mean of the measurements is given in the field notes.

August 16,1945, at the standard corner of Ts. 13 N., Rs. 20 and 21 E., in latitude 36Â°59.6' N.,

and longitude 105Â°04.3' W., as given in the data furnished with the special instructions, I make

a spries of three observations for the determination, and verification, of time, latitude and

azimuth, to be employed in the survey, as follows:

(1) An hour angle observation of Polaris west of the meridian, making four readings, two

each with the telescope in direct and reversed positions, marking the mean point in the line

thus determined, on a peg driven firmly in the ground, 12.60 chs. N. of station.

Mean watch time of observation, a. m 5h04m48s

Mean altitude of Polaris. 37Â°59'00"

(2) An altitude observation of the sun, first setting on the sun's upper and right limbs, then,

after reversal of the instrument, setting on the lower and left limbs; the horizontal angles are

measured from the mean point in the line determined by the Polaris observation.

Mean watch time of observation 9hlRm20s

Mean vertical angle 40Â°59'45"

Mean horizontal angle. 105Â°26'58"

Reduced bearing of point on peg N. 0Â°19'30" W.

Reduced watch slow of 1. m. t 3m30s

(3) A noon observation of the sun, first setting on the sun's lower limb and noting the transit

of the west limb, then, after reversal of the instrument, setting on the upper limb and noting

the transit of the east limb.

Mean observed altitude 66Â°44'16"

Mean watch time of observation 12h00m43s

Reduced latitude 36Â°59'44" N.

Reduced watch slow of 1. m. t 3m28s

(1) Having verified the watch error and latitude, I complete the reduction of the hour angle

observation of Polaris, with the following results:

Mean azimuth of Polaris, west O'WX"

Reduced latitude .-. 36Â°69'30" N.

Bearing of the secant in lat. of sta N. 89Â°58'00" E.

Bearing of point on peg N. 0Â°19'36" W.

Angle to be turned 90Â°17'36"

Turning from the mean point in the line determined by the Polaris observation, I set a flag

on the secant; the multiple angle of four repetitions reads 361Â°10'30", which Indicates an angle

of 90Â°17'37M".

The observed magnetic declination Is 18Â° If/ E.

Beginning at the standard cor. of Ts. 13 N., Rs. 20 and 21 E., which is monumented with a

granite stone, 12 x 8 z 10 ins. above ground, firmly set, marked and witnessed as described in

the official record.

East, with the establishment of the Third Standard Parallel North, along the S. bdy. of sec.

31, T. 13 N., R. 21 E., on a transit line describing the secant, which starts from a point 4 Iks.

S. of the Tp. cor., and bears N. 89Â°5S' E.

Over gently rolling land, through scattering timber.

Enter heavy timber, edge bears NW. and SE.

Point for the standard M sec. cor. of sec. 31, N. 2 Iks. from the secant.

Set an Iron post, 30 ins. long, 2 ins. diam.. 24 ins. in the ground, with brass cap mkd.

sc

from which
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Mean watch time of observatlon ____________________________________________ 9h111m20s 
Mean vertical angle _________________________________________________________ 40°511'45" 
Mean horizontal angle ______________________________________________________ 105°26'58" 
Reduced bearing of point on peg ____________________________________________ N. 0°19'30" W. 
Reduced watch slow of I. m. t _______________________________________________ 3m30s 

(3) A noon observation olthe sun, first setting on the sun's lower 11mb and noting tbe transit 
of the west 11mb, then

i 
after rever981 of the instrument, setting on the upper 11mb and noting 

the trawit of the east imb. 
Mean observed altltude _____________________________________________________ OO044'Ui" 
Mean watch time of observation ____________________________________________ 12hOOm43s 
Reduced latitude ___________________________________________________________ 36°59'44" N. 
Reduced watch slow of 1. m. L ______________________________________________ 3m28s 

(1) Having verified the watch error and latitude, I complete the reduction of the hour angle 
observation of Polaris, with the following results: 
Mean azimuth of Polaris, west ______________________________________________ 0°19'36" 
Reduced latitude _____________________________ ".. _____________________________ 36°59'30" N. 
Bearing of the secant In lat. of st8 ___________________________________________ N. 89°58'00" E. 
Bearing of point on peg _____________________________________________________ N. 0°19'36" W. 
Angle to be turned. _________________________________________________________ 00°17'36" 

Turning from the mean point in the line determined by the Polaris observation, I set a flag 
on the secant; the multiple angle of four repetitions reads 361 °10'30", which indicates an angle 
of 00017'3n~" . 

The observed magnetic declination Is 180 10' E. 
B~inning at the standard cor. of Ts. 13 N., Rs. 20 and 21 E., which Is monumented with 8 

granite stone, 12 x 8 x 10 Ins. above ground, firmly set, marked and witnessed as described In 
the ofliclal record. 

East, with the establishment of tbe Third Standard Parallel North, along the S. bdy. of sec. 
31, T. 13 N., R. 21 E., on a transit line describing the secant. which starts from a point. lb. 
s. of the Tp. cor., and bears N. 89°68' E. 

Over gently rolling land, througb scattering timber. 

28.10 Enter heavy timber, edge bears NW. and SEe 

.0. 00 Point for the standard ~ sec. cor. of sec. 31, N. 2lks. from the secant. 

Set 8n Iron post, 30 Ins. long, 2 ins. dlam .• 24 Ills. In the ground, with brass cap mkd. 

from which 

626 
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Chaint

46.50

47.00

68.00

63.60

80.00

12.00

18.40

40.00

46.20

65.72

A yellow pine, 10 Ins. diam., bears N. 643^Â° E., 48 Iks. dist., mkd. H S31 SC BT.

A blue spruce, 8 Ins. diam., bears N. 14HÂ° W, 127 Iks. dist., mkd. X S31 SC BT.

Enter clearing, edge bears N. 35Â° E. and S. 35Â° W.

Road, follows edge of clearing.

Cabin bears N., 16 chs. dist.

Enter heavy timber, edge bears N. and 8.

Point for the standard cor. of sees. 31 and 32, on the secant.

Bet an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

SC

T 13 N

S 31

R 2IE

S 32

1945

from which

A yellow pine, 9 ins. diam., beams N. 31JiÂ° E., 22Iks. dist., mkd. T13N R21E S32 SC BT.

A yellow pine, 8 ins. diam., bears N. 67Â° W., 114 Iks. dist., mkd. T13N R21E S31 SC BT.

Land, gently rolling.

Soil, loam.

Timber, yellow pine and blue sprice, with some juniper.

East, along the S. bdy. of sec. 32, on a transit lino describing the secant, which bears

N. 89Â° 58.7' E.

Over rolling land, through heavy timber.

Begin descent of 60 ft. over NE. slope.

Turkey Creek, 20 Iks. wide, course S. 50Â° E.; asc. 175 ft. over broken SW. slope.

Point for standard \i sec. cor. of sec. 32, S. 1 Ik. from the secant, falls on a sandstone boulder,

71 5 i 2 ft. above ground.

Seat a brass tablet Z\i ins. diam., 3H-inch stem, with top mkd.

s c

iS 32

1945

from which

A juniper, 8 ins. diam., bears N. 33^Â° E., 22 Iks. dist., mkd. K S32 SC BT.

A juniper,*ll ins. diam., bears N. 84HÂ° W., 192 Iks, dist., mkd. M S32 SC BT.

A sandstone rim rock, 12 ft. high, bears N. 45Â° \V. and 3.60Â° E.; thence over nearly level land.

A bench mark of the V. S. Geological Survey, published elevation 7,946.987 ft. above mean

sea level, bears South 5.62 chs. dist.; a brass tablet seated in a sandstone boulder, conforming

to the record.

Point for the standard cor. of sees. 32 and 33, S. 2 Iks, from the secant.

Set an iron post, 30 ins. long, 2 ins. diam., 18 ins. in the ground to bedrock, and in a mount

of stone to top, with brass cap mkd.

sc

T 13 N

S 32

R 21 E

S 33

from which

1945

3RD STAN. PAR. N., S. BDY. T. 13 N., R. 21 E. 

Cham. 
A. yellow pine, 10 Ins. dlam., bears N. 64~0 E., 481ks. dlst., mkd. U S31 SO BT. 

A. blue spruce, Sins. diam., bears N. HUo W., 127lks. dlst., mkd. U 831 SO BT. 

46.50 Enter clearing, edge bears N. 350 E. and B. 350 W • 

• 7.00 Road, follows edge of clearing. 

68. 00 Oabin bears N., 16 chs. dlst. 

63.50 Enter heavy timber, edge bears N. and S. 

SO.OO Point for the standard cor. of secs. 31 and 32, on the secan'. 

Set an iron post, 30 ins. long, 2 Ins. dIam., 24 ins. ill the ground, with brass cap mkd. 

from which 

sc 
T 13 N R 21 E 

531 532 

1945 
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A. yellow pine, 9 ins. dlam., bearns N. 31~0 E., 22Ik~. dist., mkd. T13N R21E S32 SO BT. 

A. yellow pine, 8 Ins. dlam., bears N. 67° W., 114Ilrs. dist., mkd. T13N R21E S31 SO BT. 

Land, gently rolling. 
Soil, loam. 
Timber, yellow pine and blue sprlce, with some Juniper. 

East, along the S. bdl'. of sec. 32, on a transit lIne describing the secant, which bears 
N. 89° 58.7' E. 

Over rolling land, through heavy timber. 

12. 00 Begin descent of 60 ft. over NE. slope. 

18.40 Turkey Creek, 20 lks. wide, course S. 1500 E.; asc. 175 ft. over broken SW. slope. 

40.00 Point for standard U sec. cor. of sec. 32, S. 11k. from the secant, falls on a sandstone boulder, 
7 x 6 x 2 ft. above groWld. 

46.20 

66.72 

80.00 

Seat a brass tablet 3~ ins. diam., 3~·inch stem, with top mkd. 

from which 

5 C· 
is 32 

1945 

A. jWliper, 8 ins. dlam., bears N. 33Uo E., 221ks. dlst., mkd. ~ S32 SO BT. 

A Juniper, '11 ins. diam., bears N. 84>1 0 W., 1921ks, dlst., mkd. U S32 se BT. 

A sandstone rim rock, 12 ft. high, bears N. 45° W. and S. 60° E.; thence over nearly levelland. 

A bench mark of the U. S. Geological Surl'ey, published elevatioD 7,946.987 ft. above meaD 
sea level, bears South 6.62 cbs. dlst.; a brass tablet seated in a sandstone boulder, conforming 
to the record. 

Point for the standard cor. of sees. 32 and 33, 8. 2lks, from the secant. 

Set an iron post, 30 Ins. long, 2 ins. dIam., 18 ins. in the groWld to bedrock, and in a moWl' 
of stone to top, wIth brass cap mkd. 

fromwbioh 

sc 
TI3N R21E 

5 32 533 

1945 
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Chain*

40.00

45.00

48.92

A yellow pine, 9 ins. diam., bears N. 43JiÂ° E., 27 Iks. dist., mkd. T13N R21E S33 SC BT.

A Jarge sandstone outcropping, the highest point of which bears N. 57Â° 35' W., 87 Iks.

dist., mkd. X B O.

Land, rolling, west of creek; level table-land above top of Elope east of creek-

Soil, rich loam, sandy loam, and stony.

Timber, mostly juniper, with some yellow pine and blue spruce,.

Note.â��The field notes of the survey of the S. bdy. of sec5. 33, 34, and 35 continue on the

same form, and are omitted here. The fleld notes of the S. bdy. of sec. 36 have been varied

in order to show certain other forms of record.

East, along the S. bdy. of sec. 36, on a transit line describing the secant, which bears S. 89Â°

58.7' E.

Over level land, through dense undergrowth.

Point for the standard H sec. cor. of sec. 36, N. 2 Iks from the secant.

Set a sandstone, 24 x 10 x 6 ins., 16 ins. in the ground, mkd. SCJi on N. face; and raise a mound

of stone, 4 ft. base, 2 ft. high, N. of cor.

Begin gradual descent.

Bank of Crystal Lake, bears N. 42Â° E. and 8. 37Â° W.

Point for the meander cor. of sec. 36, N. 2.4 Iks. from the secant.

Set a sandstone, 27 x 8 x 8 ins., 18 ins. in the ground, mkd.

6 grooves on N.,

MO on E., and

6 grooves on W. face; and raise a mound of stone, 2 ft. base, 1H ft. high, W. of cor.

In order to determine the distance across the lake by triangulation, I use the above station

on the secant as point A, and set a flaÂ£ B on the secant on the opposite side of the lake; point

C is taken northeasterly on the west side; the distance from A to C is 11.450 chs.

17.054 CHS.

85.974

66. oo

All angles by 3 repetitions, with a closing error of QÂ°CfX>" balanced to 180Â°, as follows:

At point A = 48Â°01'55".

At point B = 42Â°10'35".

At point C-=89Â°47'30".

Distance across lake â�� 17.054 chs.

Point B.

Bank of lake, bears N. 50Â° E. and S. 45Â° W.

528 MANUAL OF SURVEYING INSTRUCTIONS 

A yellow pine, II Ins. dlam., bears N. 43~0 E., 27 lb. dlat., mkd. T13N R21E B33 BC BT. 

A large sandstone outcropping, the highest point of which bears N. 67° 36' W., 87 lb. 
di~t., mkd. X B O. 

Land, roiling, west of creek; level table-land above top of Ilope east of creek
Boll, rich loam, sandy loam, and stony. 
Timber, mostly Juniper, with some yellow pine and bIutJilfUC8,. 

NOTE.-The field notes of the survey of the S. bdy. of aec.s. 33, 34, and 311 continue on the 
same form, and are omitted here. The (leld notes of the B. bdy. of sec. 36 have been varied 
In order to show certain other forms of record. 

East, along the B. bdy. of sec. 36, on a transit line describing the secant, which bears B. 89° 
58.7' E. 

Over level land, through dense undergrowth. 

40.00 Point for the standard U sec. cor. of sec. 36, N. 21ks from the secant. 

Set a sandstone, 24 J: 10 J: 6 Ins., 16 Ins. In the ground, mkd. BC~ on N. face; and ra1ae a mound 
of stone, 4 ft. base, 2 ft. high, N. of cor. 

46.00 Begin gradual descent. 

48. G2 Bank of Crystal Lake, bears N. 4~ E. and 8. 37° W. 

Point for the meander cor. of sec. 86, N. 2.4lks. from the secant. 

Bet a sandstone, Z! J: 8 J: 8 ins., 18 ins. In the ground, mklt. 

6 grooves on N., 
MC on E., and 
6 grooves on W. f8Cl'; and raise a mound of stone, 2 ft. base, 1~ ft. high, W. of cor. 

In order to determine the distance acros~ the lake by triangulation, I use the aboV[' station 
on the secant a~ point A, and set a flag B on the serant on thl' opposite side of the lake; point 
C is taken northeasterly on the west sid ... ; the distance from A to C Is 11.450 cbs. 

C 

o 
0) 

CO 
4~. 

C' 10 '35' 
A'--~---=---------";;:;"""~B 

17.054 CHS. 
AD angles by 3 repetltloDl, with a closing error of 0°0'20" bBlanced to 180", as follows: 

At point A-48°01'M". 
At point B-42"10'3II". 
At polDt C-R9°47'3O". 

Distance across lake-17.064 chII. 

M. 974 Point B. 

l1li. 00 Bank of lake, bears N. W" E, and B. 41\0 W. 
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Chaim

80.00

Point for the meander cor. of sec. 38, N. 3.3 Iks. from the secant.

Set an Iron post, 30 ins. long, 2 in. diam., 24 ins. in the ground, with brass cap mkd.

TI3N

R 21 E

S 36

MC,

1945

from which

A yellow pine, 8 ins. diam., bears N. 62}$Â° E., 29 Iks. dist., mkd. T13N R21E S36 MC BT.

A blue spruce, 14 ins. diam., bears N. 78JiÂ° E., 312 Iks. dist., mkd. T13N R21E S30 MC

BT.

Enter heavy timber, edge bears N. 50Â° E. and S. 45Â° W.; asc. 215 ft. over stony NW. slope.

Point for the standard cor. of Ts. 13 N., Es. 21 and 22 E, N. 4 Iks. from the secant.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

sc

T 13 N

R 21 E

S 36

R 22 E

S 31

1945

3.60

22.30

from which

A blue spruce, 12 ins. diam., bears N 37JiÂ° E., 114 Iks. dist., mkd. T13X B22E S31 SC BT.

A blue spruce, 9 ins. diam., bears N. 645iÂ° W., 127 Iks. dist., mkd. T13N E21E S36 SC BT.

Land, nearly level, west of lake; broken, east of lake.

Soil, sandy loam, and stony.

Timber, blue spruce with some yellow pine and aspen; undergrowth, oak brush.

August 21; At this point, in order to verify the alinement of the secant, I make an altitude

observation of the sun, first setting on the sun's upper and right limbs, then, after reversal of

the instrument, setting on the lower and left limbs; the horizontal angles are measured from

a back-sight flag D on the secant.

Mean watch time of obsn., a. m 9h18Â»47'

Mean vertical angle 44Â°54'15"

Mean horizontal angle 157Â°42'00"

Eeduced bearing of flag D N. 89Â°57'49" W.

As the theoretical bearing of the secant at this point is N. 89Â° 58.C W., the observation

indicates that the line has been carried forward acceptably.

To lay off a deflection angle of 3'55", in order to describe a secant through Eange 22 East,

I set a back-sight flag F, 3.9fi Iks. (2.61 ft.) to the south of the back-sight flag D previously

described, the latter point being located on the secant at 45.00 chs. running E. on tne S. bdy.

of sec. 36; then, to verify tho angle at the station on the secant at the standard Tp. cor., sub-

tended by the two flags, I make 6 repetitions and find that the multiple angle reads 0Â°23'30".

East, with the establishment of the Third Standard Parallel North, along the S. bdy. of

sec. 31, T. 13 N., E. 22 E., on a transit line describing the secant, which starts from a point

4 Iks. 8. of the Tp. cor., and bears N. 89Â°58' E.

Ascend 65 ft. over stony NW. slope; through heavy timber.

Eidge, bears N. 60Â° E. and S. 60Â° W.; desc. 240 ft. over SE. slope.

Base of ridge, bears N. 65Â° E. and S. 65Â° W.; continue gradual descent.

3RD STAN. PAR. N., S. BDY. T. 13 N., R. 21 E. 

Point for the meander cor. of sec. 36, N. 3.3lt!. from the secant. 

Set an Iron post, 30 Ins. long, 2 In. dlam., 24 Ins. In the ground, with brass cap mkd. 

from which 

TI3N 
R 21 E 

536 

1945 

529 

A yellow pine, 8 ins. dlam., bears N. 62~0 E., 29lks. dist., mkd. T13N R21E 836 Me BT. 

A blue spruce, 14 ins. diam., bears N. 78~0 E., 312lks. dist., mkd. T13N R21E 836 Me 
BT. 

Enter heavy timber, edge bears N. 50° E. and S. 45° W.; asc. 215 ft. over stony NW. slope. 

SO.OO Point for the standard cor. of Ts. 13 N., Rs. 21 and 22 E, N. 4 lks. from the secant. 

8et an iron post, 30 ins. long, 2 Ins. dlam., 24 ins. In the ground, with brass cap mkd. 

fromwblch 

SC 
T 13 N 

R 21 E R 22 E 
5 36 531 

1945 

A blue spruce, 12 Ins. diam., bearsN 3~0 E., 114lks. dist., mkd. T13N R22E 831 8e BT. 

A blue spruce, Dins. diam., bears N. M~o W., 127lks. dlst., mkd. T13N R21E 836 8e BT. 

Land, nearly level, west of lake; broken, east of lake. 
Soil, sandy loam, and stony. 
Timber, blue spruce with some yellow pine and aspen; undergrowth, oak brush. 

August 21: At this point, In order to verify the alinement of the secant, I make an altitude 
observation of the sun, first setting on the sun's upper and right limbs, then, after reversal of 
the Instrument, setting on the lower and left limbs; the horizontal angles are measured from 
8 back-sight flag D on the secant. 

Mean watch time of obsn., 8. m _____ ••••• _. _______________________ • ________ DblS"47° 
Mean vertical angle. _____ ••• __ •••• __ ._ •• ______________ •••••• __ •• _____ • _____ 44°,54'15" 
Mean horizontal angle ___ • __ ._. __ • ___ • __________________________ ._._. ____ ._ 157°42'00" 
Reduced bearing of flag Doo ________ •• _____________________ • ________________ N. 89°57'411" W. 

As the theoretical bearing of the s('cant at this point Is N. 89° 68.0' W., the observation 
indicates that the line has been carried forward acceptably. 

To layoff a deftcctlon angle of 3'55", in order to describe a secant through Range 22 East, 
I set 8 back-sight flag F, 3.00 lks. (2.61 ft.) to the south of the back-sight flag D previously 
described, the latter point being located on the secant at 45.00 chs. running E. on the S. bdy. 
of sec. 36; then, to verify the angle at the station on the secant at the standard Tp. cor., sub
tended by the two lIags, I make 6 repetitions and find that the multiple angle reads 0°23'30". 

East, with the establishment of the Third Standard Parallel North, along the S. bdy. of 
sec. 31.1. T. 13 N.;LR. 22 E., on a transit line de..'lCriblng the secant, which starts from a point 
4lks. tI. of the ",I."p. cor., and bears N. 89°68' E. 

Ascend 66 ft. over stony NW. slope; through heavy timber. 

3.liO Ridge, bears N. 000 E. and S. 60° W.; desc. :uo ft. over SE. slope. 

22. 30 Base of ridge, bears N. 66° E. and B. 66° W.; continue IIBdual descent. 
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38.40

40.00

64.06

Point for the witness standard Ji see. cor. of see. 31, N. 2.1 lis. from the secant.

Set an iron post, 30 ins. long, 2 in. diam., 24 ins. in the ground, with brass cap mkd.

w c

s c

is 31

1945

from which

A yellow pine, 9 ins. diam., bears North, 16 Iks. dist., mkd. WC H S31 6C BT.

A yellow pine, 10 isn. diam., bears N. b7W W., 92 lis. dist., mkd. WC H S31 SC BT.

True point for standard H sec. cor. falls in a stream, 60 Iks. wide, course N. 70Â° E.; a

gradually.

Intersect the W. bdy. of the Las Animas Land Grant, N. 1.2 Iks. from the secant.

Point for the closing cor. of sec. 31, T. 13 N., R. 22 E.

Get an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

TI3 N

R22E

S3

cc-

LA

PL

1945

392. 78

from which

A yellow pine, 11 ins. diam., bears N. 22JiÂ° W., 67 Iks. dist., mkd. T13N E22E S31 CC BT.

A yellow pine, 7 ins. diam., bears N. 74}iÂ° W., 135 Iks. dist., mkd. T13N B22E 831 CC BT.

From this point the 14th Mi. Cor. of the grant boundary bears N. 33Â° 38' E., 27.84 chs. dist.,

and is monumented with a sandstone, 16 x 12 ins., standing firmly 6 ins. above the top of a

mound of stone, 6 ft. base, 3 ft. high, marked and witnessed as described in the official

record.

From the same point the 15th Mi. Cor. of the grant boundary bears S. 33Â° 38' W., 61.96 chs.

dist., and is monumented by a nine tree, 34 ins. in diameter; the surface scars on the tree,

and on the bearing trees, and the kind and position of the latter, agree with the official

record; I do not uncover the marks.

Land, gently rolling and broken.

Soil, sandy loam.

Timber, yellow pine.

Continue the secant on a blank line across the grant.

Intersect the E. bdy. of the grant, N. 2.4 Iks. from the secant.

Point for the closing cor. of sec. 36, T. 13 N., B. 22 E.

Set a sandstone, 32 x 10 x 8 las., 22 ins. in the ground, mkd.

13N on N.,

CC 22E and 1 groove on E., and

LA LG on W. face; and raise a mound of stone, 2 ft. base, 1M ft. high, E. of oor.

530 MANUAL OF SURVEYING INSTRUCTIONS 

Cham. 
38.40 Point for the witness standard ~ sec. cor. of sec. 31, N. 2.1lks. from the secant. 

Bet an iron post, 30 Ins. long, 2 in. cHam., 24 Ins. in the ground, with brass cap mkd. 

from which 

we 
sc 

~ S 31 

1945 

A yellow pine, 9 ins. dlam., bears North, 16 !ks. dlst., mkd. WC ~ S31 SO BT. 

A yellow pine, 10 1sD. dlam., bears N. 57~0 W., 92lks. dJst., mkd. WC ~ S31 8C BT. 

40.00 True point for standard ~ sec. cor. falls in a stream, 60 Iks. wide, course N. 700 E.; ssc. 
gradually. 

64.116 Intersect the W. bdy. of the Las Animas Land Grant, N. 1.2 lb. from the secant. 

Point for the closing cor. of sec. 31, T. 13 N., R. 22 E. 

Bet an iron post, 30 ins. long, 2 Ins. diam., 24 ins. in the ground, with brass cap mkd. 

ee 

1945 
from which 

A yellow pine, Uins. dlam., bears N. 22~0 W., 67lks. dlst., mkd. T13N R22E 831 CC BT. 

A yellow pine, 7 Ins. dlam., benrs N. 74~o W., 135!ks. dlst., mkd. T13N R22E S31 CC BT. 

From this point the 14th MI. Cor. of the grant boundary bears N. 330 38' E., 27.84 chs. d.Jst., 
and Is monumented with a sandstone, 16 x 12 ins., standing firmly 6 ins. above the top of a 
mound of stone, 6 ft. base, 3 ft. high, marked and witnessed as described in the official 
record. 

From the same point the 16th MI. Cor. of the grant boundary bears S. 830 38' W., 61.116 cbs. 
dist., and is monumented by 8 pine tree, 34 ins. in diameter; the surface scars on the tree 
and on the bearing trees, and the kind and position of the latter, agree with the official 
record; I do not uncover the marks. 

Land, gently rolling and broken. 
Soil, sandy loam. 
Timber, yellow pine. 

Continue the secant on a blank line across the grant. 

392.71l Intersect the E. My. of the grant, N. 2.4 !ks. from the secant. 

Point for the closing cor. of sec. 36, T. 13 N., R. 22 E. 

Set a sandstone, 32 x 10 x 8 Ins., 22 ins. in the ground, mkd. 

13N on N., 
CC 22E and 1 groove on E., and 
LA LG on W. face; and raise a mound of stone, 2 ft. b688, 1~ ft. high, E. of cor. 
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From this point the 7th Mi. Cor. of the grant boundary bears S.0Â°42' E., 19.12 chs. dist. and is

monumented by a sandstone boulder, 8 x 5 x 3 ft. above ground, marked and witnessed as

described in the official record.

From the same point the 8th Mi. Cor. of the grant boundary bears N. 0Â°42/ W., 60.62 chs. dist.

and is monumented with a sandstone, 12 x 8 x 6 ins. above ground, firmly set, marked and

witnessed as described in the official record.

Thence East, along the S. bdy. of sec. 36, on a transit line describing the secant, which bears

S. 89Â°58.3' E. and counting measurement (47.74 chs.) from the theoretical point for the

standard corner of sees. 35 and 36.

Over nearly level land.

Point for the standard cor. of Ts. 13 N., Rs. 22 and 23 E., N. 4 Iks. from the secant.

Set a sandstone, 36 x 10 x 8 ins., 24 ins. in the ground, mkd.

SC 13N on N.,

23E on E., and

22E on W. face; and raise a mound of stone, 5 ft. base, 3 ft. high, N. of cor.

Land, nearly level.

Soil, sandy loam and stony.

No timber.

Aug. 24: At this point, in order to verify the alinement of the secant, I make a series of six

altitude observations upon the sun for azimuth at approximately equal time intervals, three

aach with the telescope in direct and reversed positions, observing opposite limbs of the sun,

end reading the horizontal angle from a back-sight flag on the secant.

Mean time of observation, 105th meridian standard time ^eh15Â»42' a. m.

Declination of sun at mean time of observation . _ Â«11Â°06.7' N.

Mean observed vertical angle to sun's center =44Â°32'35".

Mean horizontal angle from flag to sun's center â� =156Â°14' W-S-E.

True bearing to flag -N. 89Â°58'14" W.

Theoretical bearing of the secant -=N. 89Â°58'00" W.

Note.â��The field notes of the survey of thfc Third Standard Parallel North, along the S.

bdy. of Ts. 13 N., Rs. 23 and 24 E., continue on the same form, end are omitted here. An

entry indicates that at the standard cor. of Ts. 13 N., Rs. 24 and 25 E., an angle was turned

from the secant to the meridian and that the verification of the alinement of the secant would

be found in the observation for meridian made for the survey of the Sixth Guide Meridian East.

MEMORANDUM

The alinement of the secant is to be verified always by an azimuth observation at the end of

the run; if the line is to be continued more than 12 miles a new meridian will ordinarily be

employed for control at intervals of not to exceed 12 miles.

The form of the record of the survey of a standard parallel by the tangent method will be

similar to that of the specimen field notes by the secant method, and does not need to be ex-

tended here. The tangent method may as well be employed if the parallel runs over a country

that is comparatively free from heavy timber and dense undergrowth.

If the solar transit method is employed the resulting line will conform to the parallel without

making offsets. There is no other essential difference in the form of the record. This method

will be given preference in regions that are heavily timbered or covered by very dense under-

growth, where the work incident to opening a transit line would add unnecessarily to the cost

of the survey.

Ordinarily only one set of measurements will be required on the standard parallel if the

special instructions provide that the township is to be subdivided.

A summary description of the region crossed by a standard parallel will be supplied at the

close of the field notes, or the information may be carried in the general description of the

subdivisional survey.

AUGUST 23, 1945.

CAlli'" 

3RD STAN. PAR. N., 8. BDY. T. 13 N., R. 22 E. 531 

From this point the 7th MI. Cor. Ofthfl grant boundary bears B. 0°42' E., 19.12 chs. dist. and Is 
monumented by a sandstone boulder, 8 x 5 13ft. above ground, marked and witnessed as 
described In the offtclal record. 

From the same pofnt the 8th Mi. Cor. of the grant boundary bears N. 0°42' W., 60.62 chs. dlst. 
and Is monumented with a Eandstone, 12 x 8 x 6 Ins. above ground, firmly set, marked and 
witnessed as described fn the official record. 

Thence East, along the 8. bdy. of sec. 36, on a transit line describing the secant, which bears 
8. 89°58.3' E. and counting measurement (47.i4 chs.) (rom the theoretical pofnt for the 
atandard comer o( 8eCII. 36 and 36. 

Over nearly levelland. 

80.00 Pofnt lor the standard cor. 01 Ta. 13 N., Rs. 22 and 23 E., N. 4lks. lrom the secant. 

Bet. sandstone, 36 x 10 x 8 Ins., 24 Ins. fn the ground, mkd. 

BC 13N on N., 
23E on E. ana 
22E on W. (ace; and raise a mound of stone, Ii ft. base, 3rt. hllh, N. of cor. 

Land, nearl~el. 
SoU, sandy and atony. 
No timber. 

Aug. 24: At this point, fn order to verify the allnement of the secant, I make a series of six 
altitude observations upon the sun for azimuth at approximately equal time intervals, three 
aach with the telescope fn direct and reversed positions, observing opposite limbs of the sun, 
end readfng the homontal angle from a back-sight flag on the secant. 

Mean time 01 observation, lOSth meridian standard time __________________ c9hllim42" a. m. 
Declination of sun at mean time of observation ____________________________ "'11°00.7' N. 
Mean observed vertical angle to sun's center. ______________________________ 44°32'35". 
Mean horizontal angle lrom flag to sun's centeT. ___________________________ oc l~oI4' W-S-E. 
True bearing to flag _______________________________________________________ -N. 89°5!l'14" W. 
Theoretical bearing 01 the secant __________________________________________ -N. 89°58'00" W. 

NOTE.-The field notes 01 the survey of thtl Third Standard Parallel North, along the S. 
bdy. of Ts. 13 N., Rs. 23 and 24 E., continue 0/1 the same form, Dnd are omitted here. An 
entry Indicates that at the standard cor. of Ts. 13 1"., Rs. 24 and 25 E_, nn angle was turned 
from the secant to the meridian and that the verification of the alinement of the secant would 
be 10und fn the observation for meridian made for the survey of the Sixth Guide Meridian East. 

MEMORANDUM 

The alinement of the secant is to be verified always by an Ilzimuth observation at the end 01 
the run; If the line Is to be continul.'d more than 12 miles a new meridian will ordinarily be 
emJ)loyed for control at Intprvais of not to exceed 12 mill'S. 

The form of the record of the survey of a standard parallel by the tangent ml'thod will be 
simUar to that of the specimen flcld notes by the secant method, and does not need to be ex
tended here. The tangent method may as wpll be cmployed if the parallel runs over a country 
that Is comparatively free from heavy timber and dl'nsc undl'rgrowth. 

If the solar transit method Is employed the resulting line will conrorm to thp parallcl without 
makfng offsets. There is no othl'r l'ssential ditJercnce in the form of the record. This method 
will be given preference in rrgions that are heavily timbered or covered by "ery dense under
growth, where the work incident to opening a transit line would add unnecessarily to the cost 
of the BUrVpy. 

Ordfnarlly only one set of measurements will be requlrl'd on the standard parallel if the 
special instructions provide that the township Is to be subdivldl'd. 

A summary dl'scnption of the region crossed by a standard parallel will be supplied at the 
close of the field notes, or the information may be carried fn the general description of the 
subdlvislonalsurvey. 

AUGUST 28, l~ 
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MANUAL OF SURVEYING INSTRUCTIONS

Sixth guide meridian east, through T. IS N., between Rs. 24 and 25 E.

Chain)

Aug. 29, 1945, at the standard cor. of Ts. 13 N., Es. 24 and 25 E., in latitude 36Â°59.6' N., and

longitude 104Â°38.3' W., as computed by reference to the values given for the standard cor. of

Ts. 13 N., Es. 20 and 21 E., I make a noon observation of the sun for time, and an observation

upon Polaris at eastern elongation for meridian, as follows:

Watch time of transit of sun's west limb 11>>54Â»48Â»

Watch time of transit of sun's east limb 11 56 56

Mean. lli>55Â»52>

Eeduced watch slow of 1. m. t 4m59"

At 9M7.7" p. m., 1. m. t., or 9M2.7" watch time, I observe Polaris at eastern elongation,

making 6 settings, 3 each with the telescope in direct and reversed positions, accumulating the

horizontal angle, measured by the method of repetitions, counting from a signal light at my

flag point 16.40 chs. N. of station.

Horizontal angle, 6 repetitions 7Â°32W

Eeduced angle lÂ°15/20"

Azimuth of Polaris at e. e 1Â°15'02"

True bearing of point on peg ___ N. 0Â°00'18" W.

In order to mark the true meridian, I mark a second point, 0.16 Iks. (0.11 ft.) to the east of

the original point; then, to verify the angle at the standard Tp. cor., subtended by the 2 points

on the peg, I make 10 repetitions and find that the multiple angle reads 0Â°03'00".

The observed magnetic declination is 18Â°20/ E.

From the standard cor. of Ts. 13 N., Es. 24 and 25 E.,

North, with the establishment of the Sixth Guide Meridian East, through T. 13 N., bet.

Es. 24 and 25 E., bet. sees. 31 and 36.

Over nearly level land.

Point for the M. sec. cor. of sees. 31 and 36.

Set an iron post, 30 ins. long, 2 in. diam., 24 ins. in the ground, with brass cap mkd.

S36

S 31

1945

43.50

67.00

80.00

21.50

dig pits,

18 x 18 x 12 ins., N. and 8. of post, 3 ft. dist.

Begin gradual ascent.

Top of ascent; enter heavy timber, edge bears NE. and SW.; descend over gradual NW. slope.

Point for the cor. of sees. 25, 30, 31, and 36.

Set a sandstone, 24 x 10 x 6 ins., 16 ins. in the ground, mkd. with 5 notches on N. and 1 notch

on S. edge; from which

A juniper, 10 ins. diam., bears N. 64^Â° E., 70 Iks. dist., mkd. T13N E25E S30 BT.

A juniper, 12 ins. diam., bears S. 69JiÂ° E., 44 Iks. dist., mkd. T13N R25E S31 BT.

A juniper, 10 ins. diam., bears S. 79KÂ° W., 59 Iks. dist., mkd. T13N R24E S36 BT.

A juniper, 20 ins. diam., bears N. 74JiÂ° W., 220 Iks. dist., mkd. T13N R24E S25 BT.

Land, level and gently rolling.

Soil, sandy loam, and stony.

Timber, juniper and pinon.

North, bet. sees. 25 and 30.

Descend gradually through heavy timber.

An ungraded road, bears NW. and SE., from Fort Myer to Valley City.

532 MANUAL OF SURVEYING INSTRUCTIONS 

Si:dh guide meridian east, through T. IS N., between Rs. f4 and t5 E. 

Aug. 29, 1m at the standard cor. of Ts. 13 N., Rs. 24 and 25 E. In latitude 36°59.6' N., and 
longitude UK·38.3' W., as computed by reference to the values given for the standard cor. of 
Ts. 13 N., Rs. 20 and 21 E., I make a noon observation of the sun for time, and an observation 
upon Polaris at eastern elongation for meridian, as follows: 

Watch time of transit of sun's west limb __________________________________________ 11hM-481 
Watch time of transit of sun's east lImb ___________________________________________ 11 56 56 

Mean_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ ______________________________________________ __ 11bM-521 
Reduced watch slow of 1. m. t_____________________________________________________ 4-69-

At 9b17.7- p. m., 1. m. t., or 9h12.7- watch time, I observe Polaris at eastern elonptlon, 
makmg 6 settings, 3 each with the telescope In direct and reversed positions, accumulatmg the 
horizontal angle, measured by the method of repetitions, counting from a signal light at my 
flag point 16.40 chs. N. of station. 
Horizontal angle, 6 repetltions ______________________________________________ _ 
Reduced angle __________ • ________________________________________ ._ .• ______ _ 
Azimuth of Polaris at e. e ______________________________ ._. _____________ • ___ _ 

True bearing of point on peg ___________________________ . _______ •. _ •. _ •.... __ N. 0°00'18" W. 

In order to mark the true meridian, I mark a second point, 0.16 lks. (0.11 ft.) to the east of 
the original point; then, to verify the angle at the standard Tp. cor., subtended by the 2 points 
on the peg, I make 10 repetitions and find that the multiple angle reads 0°03'00". 

The observed magnetlo decIination is 18°20' E. 

From the standard cor. of Ts. 13 N., Rs. 2t and 25 E., 

North, with the establishment of the Sixth Guide Meridian East, through T. 13 N .• bet. 
Rs. 24 and 25 E., bet. sees. 31 and 36. 

Over nearly levelland. 

40.00 Point for the ~ sec. cor. of sees. 31 and 36. 
Set an Iron post, 30 Ins. long, 21n. dlam., 24 Ins. In the ground, with brass cap mkd. 

I 
~ 

536 5 31 

1945 
dig pits, 

18 x 18 x 12 Ins., N. and 8. of post, 3 ft. dist. 

43.1KJ Begin gradual ascent. 

67.00 Top of ascent; enter heavy timber. edge bears NE. and 8W.; descend over gradual NW. slope. 

80.00 Point for the cor. of sees. 25, 30, 31, and 36. 

Set a sandstone, 24 x 10 x 6 Ins., 16 Ins. In the ground, mkd. with 5 notches on N. and 1 notch 
on 8. edge; from which 

A juniper, 10 Ins. dJam., bears N. 64~0 E., 70 lks. dist., mkd. T13N R25E S30 BT. 

A Juniper, 12 Ins. dJam., bears S. 69~o E., 44lks. dist., mkd. T13N R25E 831 BT. 

A juniper, 10 Ins. dlam., bears 8. 79~o W., 59lks. dist., mkd. T13N R24E 836 BT. 

A juniper, 20 Ins. dlam., bears N. 74~o W., 220 lks. dlst., mkd. T13N RUE 825 BT. 

Land, level and gently rolling. 
Soil, sandy loam, and stony. 
Timber, juniper and pinon. 

North, bet. sees. 25 and 30. 

Descend gradually through heavy timber. 

21.1KJ An ungraded road, bears NW. and SE., from Fort Myer to Valley OIQ'. 
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Chains

23.20

40.00

64.20

76.00

80.00

2.10

40.00

66.00

64.20

80.00

An arroyo, drains SW.; asc. 100 ft. over SE. slope.

Point for the H sec. cor. of sees. 25 and 30.

Set a sandstone, 21 x 8 x 6 ins., 14 ins. in tbe ground, nkd.!( on W. face; from which

A juniper, 8 ins. diam., bears N. 60JiÂ° E., 28 Iks. dist., mkd. X S30 BT.

A Juniper, 11 ins. diam., bears West, 89 Iks. dist., mkd. yt S25 BT.

Top of ascent; leave timber, edge bears N. 60Â° E. and S. 60Â° W.; desc. gradually.

An arroyo, drains S. 66Â° W.; asc. 60 ft. to sec. cor.

Point for the cor. of sees. 19, 24, 25, and 30.

Bet an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

T 13 N

R 24 E

S 24

S 25

R 25E

S 19

S 30

1945

raise a mound of stone, 4 ft. base, 2 ft. high, W. of cor.

Land, rolling and broken.

Soil, sandy loam, and stony.

Timber, juniper and pinon.

North, bet. sees. 19 and 24.

Asc. over broken land.

Top of ascent; enter scattering timber and dense undergrowth.

Point for the H sec. cor. of sees. 19 and 24.

Set an iron post, 30 ins. long, 2 in. diam., 24 ins. in the ground, with brass cap mkd.

I

s

S 24

S 19

1945

raise a mound of stone, 4 ft. base, 2 ft. high, W. of cor.

Leave scattering timber.

An arroyo, drains N. 60Â° W.; asc. 85 ft. to sec. cor.

Point for the cor. of sees. 13,18,19* and 24.

Set an iron post, 30 ins. long, 2 ins. diam.. 24 ins. In the ground, with brass cap mkd.

T 13 N

R 24 E

S 13

S 24

R 25 E

S 18

SI9

1945

6TH G. M. EAST, T. 13 N., BET. RS. 24 AND 25 It 533 

CAcm. 
23.20 An arroyo, drains BW.; BIIC. 100 ft. over BE. slope. 

4(). 00 Point for the ~ sec. cor. of sees. 2Ii and 30. 

Bet a sandstone, 21 J: S J: 6 Ins., 14 Ins. in the ground, mkd. ~ on W. face; from which 

A juniper, Sins. diam., bears N. 6O~0 E., 28 lks. dist., mkd. ~ sao BT. 

A juniper, 11 Ins. diam., bears West, S9lks. dlst., mkd. ~ B2li BT. 

64.20 Top of ascent; leave timber, edge bears N. 60° E. and B. roo W.; desc. gradually. 

76.00 An arroyo, drains B. 65° W.; asc. 50 ft. to sec. cor. 

80.00 Point for the cor. of aecs. 19, 24, 25, and 30. 

2.10 

40.00 

86.00 

64.20 

80.00 

Bet an iron post, 30 ins. long, 2 Ins. dlam., 24 Ins. in the ground, with brallS cap mke!. 

T 13 N 
R 24 E R 25 E 

5 24 5 19 

5 25 5 30 

1945 
raise a mound of stone, 4 ft. base, 2 ft. high, W. of cor. 

Land, rolling and broken. 
Soil, sandy loam, and stony. 
Timber, juniper and pinon. 

North, bet. sees. 19 and 24. 

Asc. over broken land. 

Top of ascent; enter I!C8ttering timber and dense undergrowth. 

Point for the ~ sec. cor. of sees. 19 and 24. 

Bet an iron post, 30 Ins. long, 2in. dlam., 24 Ins. in the ground, with brass cap mke!. 

I 
4' 

5 24 5 19 

1945 

raise a mound of stone, 4 ft. balle, 2 ft. high, W. of cor. 

Leave scattering timber. 

An arroyo, drains N. 60° W.; asc. ~ ft. to sec. cor. 

Point for the cor. of sees. 13, 18, 19: and 24. 

Set an iron post, 30 Ins. long, 2 Ins. dlam .. 14 in~. In the ground, with brallS cap mkcl. 

T 13 N 
R24E R25E 

513 518 

5 24 519 

1945 
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Chains

7.90

9. Ill

29.80

40.00

raise a mound of stone, 4 ft. base, 2 ft. high, W. of cor.

Land, broken.

Soil, sandy loam and stony.

Timber, scattering pinon; undergrowth, sagebrush.

Note: The field notes of the survey of the line bet. sees. 13 and 18, and bet. sees. 7 and 12,

continue on the same form, and are omitted here.

North, bet. sees. 1 and 6.

Desc. 40 ft. over broken NE. slope, through dense undergrowth.

A graded road, bears N. 80" W. and S. 80Â° E., from Ft. Myer to Douglass P. O.

Bight bank of tho South Fork of Trapper River, course S. 80Â° E.; banks 2 to 6 ft. high; water

at present low stage from 1 to 3 ft. deep.

Point for the meander cor. of sees. 1 and 6.

Set an iron post, 30 ins. long, 2 in. diam., 24 ins. in the ground, with brass cap mkd.

M C

raise a mound of stone, 4 ft. base, 2 ft. high, S. of cor.

Distance across river by steel tape measurement, 4.60 chs.

Left bank of river.

Point for the meander cor. of sees. 1 and 6.

Set a washed flint boulder, 32 x 14 x 8 ins., 24 ins. in the ground, mkd.

1 groove on N.,

6 grooves on E.,

MC on S., and

6 grooves on W. face; and raise a mound of stone, 5 ft. base, 3 ft. high, N. of cor.

Asc. 160 ft. over broken S. slope.

Ridge, bears E. and W.; desc. 60 ft.; enter scattering timber.

Point for K sec. cor. of sees. 1 and 6 falls on a sandstone boulder, 8 x 5 x 2 ft. above ground,

Seat a brass tablet 3M ins. diam., 3M ins. stem, with top mkd.

S i

S 6

1945

46.60

67.60

from which

A pinon, 8 ins. diam., bears S. 5i%Â° E., 297 Iks. dist., mkd. Jf S6 BT.

A Juniper, 9 ins. diam., bears S. 65Â° W., 84 Iks. dist., mkd. Vi SI BT.

An arroyo, drains N. 76Â° E.; continue over nearly level land.

Leave scattering timber.
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Claim 

7.90 
9.10 

raise a mound of stone, 4 ft. base, 2 ft. high, W. of cor. 

Land, broken. 
Soil, sandy loam and stony. 
Timber, scattering pinon; undergrowth, sagebrush. 

Non: The field notes of the survey of the line bet. secs. 13 and 18, and bet. sees. 7 and 12. 
continue on the same form, and are omitted here. 

North. bet. sees. 1 and 6. 

Desc. 40 ft. over hroken NE. slope, through dense undergrowth. 

A graded road, bears N. 80° W. and S. 80° E., from Ft. Myer to Dou",Ias.~ P. O. 
Right bank of the South Fork of Trapper River, course S. 80° E.; banks 2 to 6 ft. hl¥h; water 

at present low stage from 1 to 3 ft. deep. 

Point for the meander cor. of sees. 1 and 6. 

Set an Iron post, 30 ins. long, 2 in. diam .. 24 ins. in the ground, with brass cap mkd. 

Me ---
SIS 6 

R 24 E R 25 E 
T 13 N 
1945 

raise a mound of stone, 4 ft. base, 2 ft. high, S. of cor. 

Distance across river by steel tape measurement, 4.60 chs. 

13.70 Left bank of river. 

Point for the meander cor. of sees. 1 and 6. 

Set a washed flint boulder, 32 I 14 I 8 Ins., 24 Ins. In the ground, mkd. 

1 groove on N., 
6 grooves on E., 
Me on S., and 
6 grooves on W. face; and raise a mound of stone, II ft. base, 3 ft. high, N. of cor. 

Asc. lr,o ft. over broken S. slope. 

29.80 Ridge, bears E. and W.; desc. 60ft.; enter scattering timber. 

40.00 Point for ~ sec. cor. of sees. 1 and 6 Calls on a sandstone boulder. 8 I 5 I 2 ft. above ground, 

Seat a brass tablet 3~ ins. diam., 3~ ins. stem, with top mkd. 

5 1 56 

1945 
from which 

A pinon, 8 Ins. dlam., bears 8. 64~~0 E., 297 Iks. dlst., mkd. ~ 86 BT. 

A Juniper, gins. diam., bears S. 65° W., 841ks. dlst., mkd. ~ 81 BT. 

Cd 60 An arroyo, drains N. 75° E.; continue over nearly level land. 

67.60 Leave scattering timber. 
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Chains

80.00

3.00

1170

29.80

40.00

Point tor the cor. of Ts. 13 and 14 N., Rs. 24 and 25 E.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

T 14 N

R 24 E

S 36

R 25 E

S 31

S I S 6

T 13 N

1945

raise a mound of stone, 5 ft. base, 3 ft. high, S. of cor.

Land, southern portion broken, balance level.

Soil, sandy loam, and*Stony.

Timber, juniper and pinon; undergrowth, sagebrush.

September 2,1945.

Sixth guide meridian east, through T. H N., between Rs. 24 and 25 E.

Note: The field rotes of the survey of the Sixth Guide Meridian East, through Ts. 14,15,

and 16 N., between Rs. 24 and 25 E. continue on the same form, and all but the last mile are

omitted here. An entry shows an observation tor meridian at the cor. of Ts. 14 and J5 N.,

Rs. 24 and 25 E., for the verification of the alinement to that point, and for the control of the

balance of the survey.

Sixth guide meridian east, through T. 16 N., between Rs. 24 o.nd 25 E.

North, bet. sees. 1 and 6.

Over broken W. slope, through heavy juniper and pinon timber and dense undergrowth;

asc. 25 ft. to top of spur.

Spur from ridge, slopes W.; desc. gradually over steep W. slope.

Gulch, course S. 30Â° W.; asc. 350 ft. to spur; timber changes to mostly pine.

Spur from ridge, slopes SW.; continue ascent of 125 ft. over steep W. slope.

Point for the X sec. cor. of sees. 1 and 6.

Set an iron post, 30 ins. long, 2 in. diam., 15 ins. in the ground to bed rook and In a mound of

stone, 8 ft. base, 1J4 ft. high, with brass cap mkd.

S I

S 6

1945

41.00

44.20

87.00

from which

A yellow pine, 14 Ins., diam., bears S. 36JiÂ° E., 54 Iks. dist., mkd. K S6 BT.

A yellow pine, 12 ins. diam., bears S. 72JiÂ° W., 96 Iks. dist., mkd. H SI BT.

This corner falls in a wash which drains SW.

Spur from ridge, slopes W.; desc. 125 ft.

Deep draw, drains W.; ascend 300 ft. over steep slope.

Top of steep ascent; ascend gradually.
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Claim 
. 80.00 Point for the cor. of Ts. 13 and 14 N., Rs. 24 and 25 E. 

Set an iron post, 30 ins.lo~, 2ins. diam., 24 ins. in the ground, with brnsscap mkd. 

T 14 N 
R24E R2SE 

536 531 

5 1 56 
T 13 N 
1945 

mise a mound of stone, II ft. base, 3 ft. high, 8. of cor. 

Land, southern portion broken, balance level. 
Soil, sandy loam, and'stony. 
Timber, juniper and pinon; undergrowth, sagebrush. 

SEPTEMBER 2, 19411. 

Sixth guide meridian east, through T. 14 N., betu'een Rs. f4 and i5 E. 

NOTE: The field notes of the survey of the Sixth Guide Ml'ridian East, through Ts. 14, 15, 
and 16 N., between Rs. 24 and 25 E. continue on the saml' form, and all but the last mile are 
omitted here. An entry shows an observation for meridian nt the cor. of Ts. 14 and 15 N., 
Rs. 24 and 25 E., for the verification of the nlinement to that point, anel for the control of the 
balance of the survey. 

Sixth guide meridian east, through T. 16 N., between Rs. i4 and t5 B. 

North, bet. sees. 1 and 6. 

Over broken W. ~Iope, through heavy Juniper and pinon timber and dense undergrowth; 
asc. 26 (t. to top o( spur. 

3.00 Spur from ridge, slopes W.; desc. gradually over steep W. slope. 

12. 70 Gulch, course S. 300 W.; asc. 350 ft. to spur; timber changes to mostly pine. 

211.80 Spur (rom ridge, slopes SW.; continue ascent o( 125 ft. over steep W. slope. 

40.00 Point for the ~ sec. cor. o( sees. 1 and 6. 

Set an iron post, 30 ins. long, 2 in. diam., 15 ins. In the ground to bed rook and In a moand of 
stone, 8 ft. base, 1~ ft. high, with brass cap mkd. 

(rom which 

I 
4' 

S I 56 

1945 

A yellow pine, 14 Ins., diam., bears S. 36~0 E., Mlks. dist., mkd. ~ S6 BT. 

A yellow pine, 12 ins. diam., bears s. 7234° W., OOlks. diat., mkd.)i SI BT. 

This comer falls in a wash which drn1nl BW. 

fl.00 Spur tram ridge, slopes W.; desc. 125 ft. 

«. 3) Deep draw, drains W.; ascend 300 ft. over steep slope. 

67.00 Top of steep asoent; ascend gradually. 
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Chains

67.00

81.44

Divide bet. South Fork and North Fork of Trapper River, bears East and S. 75Â° W.; desc.

225 ft. to cor.

Intersect the Fourth Standard Parallel North.

Point for the closing cor. of Ts. 16N., Rs. 24 and 25 E.

Set an iron post, 30 ins. long, 2 ins. diam., 12 ins. in the ground to bedrock, and in a mound

of stone to top with brass cap mkd.

T 17 N R 24 E

S 36

S I S 6

R 24 E R 25 E

T 16 N

CC

1945

from which

A juniper, 12 ins. diam., bears S. 33^Â° E., 58 Iks. dist., mkd. T1GN R25E S6 CC BT.

A yellow pine, 9 ins. diam., bears S. 72?^Â° W., 129 Iks. dist., mkd. T16N R24E SI CC BT.

From point of intersection the standard Ksec. cor., S. bdy, sec. 36, T. 17 N., R. 24 E., bears

S. 89Â°56' E., 12.76 chs. dist., and is monumented with a sandstone 12x8x6 ins. above ground,

mkd. and witnessed as described in the record of the 1906 resurvey of the Fourth Stan. Par.

N. through R. 24 E.

From the same point the standard cor. of sees. 35 and 36. T. 17 N., R. 24 E.f bears N. 89Â°56'

W., 27.18 chs. dist., and is monumented with a sandstone, 14 x 8 ins., standing firmly 8 ins.

above the top of a mound of stone, 4 ft. base, 2 ft. high, marked and witnessed as described in

the record of 1906 resurvey of the Fourth Stan. Par. N. through R. 24 E.

Land, mountainous.

Soil, sandy and stony.

Timber, yellow pine, juniper, and pinon; undergrowth, service and oak brush.

Sept. 11: At the closing Tp. cor., in order to verify the alinementof the Sixth Guide Merid

ian East, I bisect Polaris, follow the motion or the star to eastern elongation, at 8h 26.8 m p. m.,

1. m. t., and mark the direction upon a peg driven firmly in the ground 8 chs. N.; I then re-

verse the instrument, again bisect Polaris, and mark the direction upon the peg. Without

changing the instrument in horizontal motion, I sight to Polaris to make certain that the set-

tings were made at elongation; there appeared to be no deviation in azimuth for some 15 or

20 minutes.

Sept. 12: I lay off the azimuth of Polaris 1Â°14'57", to the west of the mean direction deter-

mined by the observation and set a point for the test meridian; then, by direct and reversed

sights, I ascertain that the angle subtended by the last back-sight flag, near the top of the

divide on the guide meridian as established, is less than 0Â°01'00" from this line.

MEMORANDUM

Ordinarily only one set of measurements will be required on the guide meridian where the

special instructions provide that the township is to be subdivided.

A summary description of the region crossed by a guide meridian will be supplied at the

end of the field notes, or it may be included in the general description of the subdivisional

survey.

September 12,1945.

West boundary of T. 18 N.} R. 24 E.

MEMORANDUM

The field notes of the survey of a meridional township boundary will ordinarily take the

form of the specimen field notes of the Sixth Guide Meridian East, with only one set of meas-

urements.

Note.â��Specimen field notes omitted.

536 MANUAL OF SURVEYING INSTRUCTIONS 

Chaim 
67.00 Divide bet. South Fork and North Fork of Trapper River, bears East and S. 75° W.; desc. • 

225 ft. to cor. 

81. 44 Intersect the Fourth Standard Parallel North. 

Point for the closing cor. of Ts. 16N., Rs. 24 and 25 E. 

Set an iron post, 30 Ins. long, 2 ins. diam., 12 ins. In the ground to bedrock, and in a mound 
of stone to top with brass cap mkd. 

from which 

T 17 N R 24 E 
536 

5 1156 
R24E R25E 

T 16 N 
CC 

1945 

A juniper, 12 ins. diam., bears S. 33~0 E., 58lks. dist., mkd. T16N R25E S6 CC BT. 
I 

A yellow pine, 9 ins. diam., bears S. 72~0 W.,I29lks. dist., mkd. T16N R24E SI CC BT. 

From point of intersection the standard ~ sec. cor., S. bdy, sec. 36, T. 17 N., R. 24 E., bears 
S. 89°56' E., 12.76 chs. dist., and is monumented with a sandstone 12 x 8 x 6 ins. above ground, 
mkd. and witnessed as described in the record of the 1906 resurvey of the Fourth Stan. Par. 
N. through R. 24 E. 

From the same point the standard cor. of secs. 35 and 36. T. 17 N., R. 24 E., bears N. 890M' 
W., 27.18 chs. dist., and is monumented with a sandstone, 14 x 8 ins., standing firmly 8 ins. 
above the top of a mound of stone, 4 ft. base, 2 ft. high, marked and witnessed as described in 
the record of 1006 resurvey of the Fourth Stan. Par. N. through R. 24 E. 

Land, mountainous. 
Soil, sandy and stony. 
Timber, yellow pine, juniper, and pinon; undergrowth, service and oak brush. 

Sept. 11: At the closing Tp. cor., In order to verify the alinement of the Sixth Ouide Merid 
Ian East, I bisect Polaris, follow the motion oC the star to eastern elongation, at 8h 26.8 m p. m., 
I. m. t., and mark the direction upon a peg driven firmly in the ground 8 chs. N.; I then reo 
verse the instrument, again bisect Polaris, and mark the direction upon the peg. Without 
changing the instrument in horizontal motion, I sight to Polaris to make certarn that the set
tings Wl're made at elongation; there appeared to be no deviation in azimuth for some 15 or 
20 minutes. 

Sept. 12: I layoff the azimuth of Polaris 1°14'57", to the west of the mean direction deter· 
mined by the observation and set a point for the test meridian; then, by dirpct and reversed 
sights, I ascertain that the angle subtcndcd by the last backsiF,ht flag, near the top of the 
divide on the guide meridian as established, Is less than 0001'(}() , from this line. 

KEKOllANDUK 

Ordinarily only one set of measurements will be required on the guide meridian where the 
special Instructions provide that the township is to be subdivided. 

A summary de.scription of the region crossed by a guide meridian will be supplied at the 
end of the field notes, or it may be included in the general description of the subdivlsional 
survey. 

SEPTEKBER 12, 1945. 

West boundarll of T. 13 N., R. 24 E. 
KJ:KOlU.NDUK 

The field notes of the survey of a meridional township boundary will ordinarily take the 
form of the specimen field notes of the Sixth Guide Meridian East. with only one set of meas· 
urements. 

NOTE.-Specimen field notes omitted. 
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Chains

30.25

34.00

39.25

46.90

77.60

79.25

North boundary of T. 13 N., R. 24 E.

Notf.â��Latitudinal township boundaries will generally be run by the random and true

method but the random line will be given in the field notes only where needed to show the

detail of a triangulation, offset, or some technical operation. Detail of the random is given

here to show the form.

Sept. 19, 1945, at the cor. of Ts. 13 and 14 N., Rs. 24 and 25 E., In latitude 37Â°04.8' Nâ�� and

longitude 104Â°38.3' W., as computed by reference to the values given for the standard cor.

of Ts. 13 N., Rs. 20 and 21 E., I turn 90Â° from a flag point previously located on the Sixth

Guide Meridian East, and run

West, on a random line, making proper offsets to the north from the tangent to the parallel

at intervals of 40.00 chs., setting temp. \i sec. and sec. cors. along the line bet. Ts. 13 and 14

N., R. 24 E. At 479.25 chs., the parallel falls 25 Iks. to the left of the cor. of Ts. 13 and 14 N.,

Rs. 23 and 24 E. The correction is 4.2 Iks. N. per mile, counting from the point of beginning.

Thence

S. 89Â°58' E., bet. sees. 6 and 31, marking and blazing the true line.

Asc. over SW. slope, through dense undergrowth.

Ridge, bears N. 15" E. and S. 16Â° W.

Head of draw, drains S.

Point for the X sec. cor. of sees. 6 and 31.

Set an iron post, 30 ins. long, 2 in. diam., 24 ins. in the ground, with brass cap mkd.

S 31

4"

S 6

1945

raise a mound of stone, 5 ft. base, 3 ft. high, N. of cor.

Ridge, bears N. 15Â° E. and S. 15Â° W.; desc. 100 ft. over gradual E. slope.

Draw, drains NE.; asc. gradually.

Point for the cor. of sees. 5, 6, 31, and 32.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

T 14 N R 24 E

S 31 S 32

S 6 S 5

T 13 N

1945

29.50

35.50

40.00

44.60

raise a mound of stone, 4 ft. base, 2 ft. high, W. of cor.

Land, rolling mountainous.

Soil, sandy.

No timber; undergrowth, sagebrush.

S. 89Â°58' E., bet. sees. 5 and 32.

Over rolling N. slope, changing to E. slope; through dense undergrowth.

Gulch, course SE.; asc. to spur.

Point of spur from ridge, slopes S.; leave undergrowth and enter scattering timber; desc.

gradually.

Point for the Ji sec. cor. of sec. 5 and 32.

Set a sandstone, 24 x 8 x 6 ins., 10 ins. in the ground, mkd. X on N. face; dig pits, 18 x 18 x 12

ins,. E and W. of stone, 3 ft. dist.

Draw, drains S.; asc. gradually.

700004Â°
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Chaim 
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North boundary of T. 13 N., R. 24 E. 

Non.-Latitudinal township boundaries will generally be run by the random and true 
method but the random line wlll be given in the field notes only where needed to show the 
detail of a triangulation, offset, or some technical operation. Detail of the random is given 
here to show the form. 

Sept. 19, 1945, at the cor. of Ta. 13 and 14 N., Rs. 24 and 25 E., In latitude 37°04.8' N., and 
longitude 104°38.3' W., as computed by reference to the values given for the standard cor. 
of Ts. 13 N., Rs. 20 and 21 E., I turn 90° from a flag point previously located on the Sixth 
Guide Meridian Esst, and run 

West, on a random line, making proper offsets to the north from the tangent to the parallel 
at Intervals of 40.00 chs., setting temp. ~, sec. and sec. corso along the line bet. Ts. 13 and 14 
N., R. 24 E. At 479.25 chs., the parallel falls 2Slks. to the left of the cor. ofTs. 13 and 14 N., 
Rs. 23 and 24 E. The correction Is 4.2Iks. N. per mile, counting from the point of beginning. 

Thence 

S. 89°58' E., bet. sees. 6 and 31, marking and blazing the true line. 

Asc. over SW. slope, through dense undergrowtb. 

30.25 Ridge, bean N. Uio E. and S. Ilio W. 

M.OO Head of draw, draIIIs S. 

39.25 Point for the ~ sec. cor. of sees. 6 and 31. 

Set an Iron post, 30 Ins. long, 2 In. diam., 24ln3. In the ground, with brMII cap mkd. 

I 5 31 

4 5 6 

1945 
raise a mound of stone, 15 ft. base, 3 ft. high, N. of cor. 

46. 90 Ridge, bears N. 15° E. and S. 15° W.; desc. 100 ft. over gradual E. slope. 

77.150 Draw, drains NE.; ssc. gradually. 

79.25 Point for the cor. of sees. 5, 6, 31, and 32. 

Set an iron post, 30 ins. long, 2 Ins. diam., 24 Ins. In the ground, with brass cap mkd. 

T 14 N 
5 31 

5 6 

R 24 E 
532 

55 
T 13 N 
1945 

raise a mound of stone, 4 ft. base, 2 ft. high, W. of cor. 

Land, rolling mountainous. 
Soli, sandy. 
No timber; undergrowth, sagebrusb. 

S.89°58' E., bet. sees. 5 and 32. 

Over rolling N. slope, changing to E. slope; througb dense undergrowth. 

29.110 Gulch, course BE.; ssc. to spur. 

35.50 Point of spur from ridge, slopes S.; leave undergrowth and enter scattering timber; desc. 
gradually. 

40. 00 Point for the ~ sec. cor. of sec. 5 and 32. 

Set a sandsto~l 24 x 8 x 6 Ins., 16 Ins. In the ground, mkd. ~ on N. face; dig pits, 18 x 18 x 12 
Ins,. E and w. of stone, 3 ft. dlst. 

'" 110 Draw, drains S.; esc. gradually. 

70000~·---47--8G Original from 
UNIVERSITY OF INNESOTA 



538

MANUAL OF SURVEYING INSTRUCTIONS

Chains

63.00

60.00

77.00

80.00

11.40

16.20

23.35

40.00

Top of slope; desc. SO ft. to creek.

Crooked Wash Creek, 30 Iks. wide, dry, course S. 20Â° W.; asc. 180 ft.

Ridge, bears N. and S.; desc. gradually to cor.

Point for the cor. of sees. 4, 5, 32, and 33.

Set a sandstone, 20 x 10 x 8 ins., 13 ins. in the ground, mkd. with 4 notches on E. and 2 notches

on W. edge; from which

A juniper, 20 ins. diam., bears N. 36Â°36' W., 423 Iks. dist., mkd. T14N R24E S32 BT.

Raise a mound of stone, 4 ft. base, 2 ft. high, W. of cor.

Land, rolling mountainous.

Soil, sandy and stony.

Timber, scattering juniper; undergrowth, greasewood and sagebrush.

Note.â��The field notes of the survey of the line bet. sees. 4 and 33, 3 and 34, and bet. :

2 and 35, continue on the same form, and are omitted here.

S. 89Â°58' E., bet. sees. 1 and 36.

Descend gradually through heavy pinon timber and dense undergrowth.

A graded road, bears N. 55Â° W. and S. 55Â° E., from Ft. Myer to Douglass P. O.

Right bank of the South Fork of Trapper River, course S. 60Â° E.; banks 2 to 6 ft. high, water at

present low stage from 1 to 3 ft. deep.

Point for the meander cor. of sees. 1 and 36.

Set an iron post, 30 ins. long, 2 in. diam., 24 ins. In the ground, with brass cap mkd.

T 14 N

S 36'

R 24 E

VMC

S I

T 13 N

1945

from which

A juniper, 14 ins. diam., bears N. 76JiÂ° W., 142 Iks. dist., mkd. T14N R24E S36 MC BT.

A juniper, 10 ins. diam., bears S. 21JiÂ° W., 98Iks. dist., mkd. T13N R24E SI MC BT.

Width of river about 4.50 chs.; distance across on line by steel lape measurement, 7.15 chs.

Left bank of river.

Point for meander cor. of sees. 1 and 36.

Set a washed flint boulder, 28x16x8 ins., 21 ins. in the ground, mkd.

6 grooves on N.,

1 groove on E.,

6 grooves on S., and

MC on W. face; and raise a mound of stone, 5 ft. base, 3 ft. high, E. of cor.

Asc. 150 ft. over broken SW. slope, through scattering pinon timber.

Point for the \i sec. cor. of sees. 1 and 36.

Set an iron post, 30 ins. long, 2 in. diam., 24 ins. in the ground, with brass cap mkd.

. S 36

S I

1945

from which

A pinon, 9 ins. diam., bears S. 29Â°40' W., 387 Iks. dist., mkd. Ji SI BT.

Raise a mound of stone, 4 ft. base, 2 ft. high, N. of cor.

538 MANUAL OF SURVEYING INSTRUorIONS 

Chafnl 
63.00 Top of slope; desc. liO ft. to creek. 

60.00 Crooked Waab Creek, 30 lb. wide, dry, course B. 3)0 W.; SIC. 160 ft. 

TI.OO Ridge, bears N. and B.; desc. gradually to cor. 

BO. 00 Point for the cor. of sees. 4, 6, 32, and 33. 

Set a sandstone, 3) I 10 x 8 Ins., 13 Ins. In the ground, mkd. with. notches on E. and 2 notches 
on W. edge; from which 

.A Juniper, 3) Ins. dIam., bears N. 31\°36' W., 423lks. dlst., mkd. TUN R24E 832 BT. 

Raise 8 mound of atone, 4 ft. base, 2 ft. hlgb, W. of cor. 

Land, rolling mountalnOll8. 
Bali, sandy and stony. 
Timber, scattering Juniper; undergrowth, greasewood and sagebrush. 

NOTE.-The field notes of the survey of the line bet. secs .• and 33, 3 and 34, and bet. secs. 
2 and 36, continue on the same form, and are omitted bere. 

B. 89°68' E., bet. sees. 1 and lMI. 

Descend gradually through beavy pinon timber and dense undergrowth. 

11.40 A graded road, bears N. 66° W. and B. 55° E., from Ft. Myer to Douglass P. O. 

16. 3) Right bank of the Bouth Fork of Trapper River, course B. 60° E.; banks 2 to 6 ft. high, water 8t 
present low stage from 1 to 3 ft. deep. 

Point for the meander cor. of secs. 1 and 36. 

Bet an iron post, 80 Ins. long, 2 in. dlam .• 24 Ins. In the ground, with brass cap mkd. 

from which 

R 24 E---~MC 
SI 

T 13 N 
1945 

A Juniper, 14 Ins. dlam., bears N. 7614 0 W.o 1421ks. dlst., mkd. TUN R24E BM Me BT. 

A juniper, 10 Ins. dlam., bears B. 21~0 W., 98lks. dist., mkd. T13N R24E Bl Me BT. 

Width of river about 4.60 chs.; distance across on line by steel tape measurement, 7.16 chi. 

23. ali Left bank of river. 

Point for meander cor. of secs. 1 and 36. 

Bet 8 washed flint boulder, 28x16x8 Ins., 21 Ins. In the ground, mkd. 
6 grooves on N., 
1 groove on E., 
6 grooves on B., and 
Me on W. face; and raise 8 mound of stone, 6 ft. base, 3 ft. high, E. of cor. 

Asc. 150 ft. over broken SW. slope, through scattering pinon timber. 

40.00 Point for the ~ sec. cor. of secs. 1 and 36. 

Set an Iron post, 30 Ins. long, 2 In. dlam., 24 Ins. In the ground, with brass cap mkd. 

from which 

I S 36 
4 

SI 

1945 

.A pinon, 9 Ins. dlam., bears B. 29°40' W., 387lks. dlst., mkd. ~ Bl BT. 

Raise a mound of stone, 4 ft. base, 2 ft. high, N. of cor. 
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Chains

45.70

65.20

80.00

Ridge and edge of heavy timber, bear NW. and SE.; desc. 35 ft.; timber change* to pine, spruce,

and fir.

Base of slope and edge of timber, bear NW. and SE.; leave timber; continue over nearly level

land.

The cor. of Ts. 13 and 14 N., Es. 24 and 25 E.

Land, mostly broken; eastern part nearly level.

Soil, sandy loam, and stony.

Timber, juniper, pinon, yellow pine, blue spruce, and Douglas fir; undergrowth, sagebrush.

HEICORAXDUM

A summary description of the region crossed by the township exteriors will be supplied at

the close of the field notes, excepting where it may be included in the general description of the

subdivisional survey.

A table of latitudes and departures of the boundaries of the townships whose exteriors have

been duly completed, showing proper allowances for convergency, and the reduced closing

errors, will be filed with the public survey office with the field tablets, computation sheets

and other data that pertain to the survey.

The following is an eiample:

Boundaries of T. IS TV., R. H E.

True bearing

Dis-

tance

N.

S.

E.

W.

3d Stan. Par. N

East

Chains

480.00

480.00

479.25

480.00

Chains

Chains

Chains

480.00

Chains

North

480.00

.25

North boundary.

N. 89058' W_

South

480.00

479.25

.55

Totals

480.25

480.00

480.00

480.00

479. 80

479.80

The table will not be carrie

d to the field notes.

.25

.20

Note.â��This completes thi

Names of assistants omlttc

Certificates omitted.

field work direc

i.

ted in the

special instructions.

Septxhbib 21,1945.

NORTH BOUNDARY OF T. 13 N., R. 24 E. 539 

Chaff" 
45.70 Ridge and edge of heavy timber, bear NW. and SE.; desc. 35 ft.; timber changes to pine, spruce, 

and fir. 

65.20 B886 of slope and edge of timber, bear NW. and SE.; leave timber; oontlnoe over nearly level 
land. 

80.00 The cor. of Til. 13 and 14 N., Rs. 24 and 25 E. 

Land, mostly broken; eastern part nearly level. 
Soil, sandy loam, and stony. 
Timber, Juniper, pinon, yellow pine, blue spruce, and Douglas flr; undergrowth, sagebrush. 

MEMORANDUM 

A summary descrIption of the region crossed by the township exteriors wUl be SUPcplled at 
the close of the field notes, excepting where it may be included in the general descr1pt on of the 
subdlvlslonal survey. 

A table of latitudes and de£artures of the boundaries of the townShips whose exteriors have 
been dul~ romtftleted show g proper allowances for converr,ency, and the reduced closing 
errors, w I be led with the puhlic survey oflice with the fie d tablets, computation sheeta 
8Ild other data that pertain to the survey. 

The following Is an example: 

Bountfarie, 01 T. 18 N., B.14 E. 

True bearing Dls- N. B. E. W. tance 

Chain' Chain, ChalAl Chain. Chalm 3d Stan. Par. N _____________ El\St _________ 480.00 --------- --------- 480.00 --------6th Guide Mer. E ___________ :-.:orth. ________ 480.00 480.00 --------- -.. __ ..... _--
North boundary ____________ :-':.8(1°58' W. __ . 479.25 .25 .------ ... --------.. 479.25 West boundary _____________ South _________ 480.00 ... ------_ ... 480.00 ---------Convergency ________________ 

---------------- --------- --------- --------- --------- .115 
Totals _________________ 

---------------- --------- 480.25 480.00 480.00 479.80 
480.00 --------- 479.80 --------

Error In latltude .. __________ 
::: ::::::::::::: I::::::::: .25 --------- .................. -...... -------Error In departure __________ 

... -------- --------- .20 

The table will not be carried to the field notes. 

NOTJ:.-This completes the field work directed In the apeclallnstructlona. 
N ames of assistants omitted. 
Certiftcatelomltted. 

BEPTJ:MBU 21, I1K5. 
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SPECIMEN

FIELD NOTES

OF THE SURVEY OF THE

SUBDIVISIONAL AND MEANDER LINES OF

TOWNSHIP 15 NORTH, RANGE 20 EAST

OF THE PRINCIPAL MERIDIAN

IN THE STATE OF MONTANA

Executed by

ROBERT ACRES, Cadastral Engineer

Under special instructions dated April 1,1945, which provided for the surveys

included under Group No. 123, approved April 10,1945, and assignment instruc-

tions dated May 20, 1945.

Survey commenced June 1,1945

Survey completed June 30, 1945
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SPECIMEN 

FIELD NOTES 

OF THE SURVEY OF THE 

SUBDIVISIONAL AND MEANDER LINES OF 

TOWNSHIP 15 NORTH, RANGE 20 EAST 

OF THE PRINCIPAL MERIDIAN 

IN THE STATE OF MONTANA 

Executed by 

ROBERT ACRES, Cadastral Engineer 

Under special instructions dated April 1,1945, which provided for the su"eys 
included under Group No. 123, approved April 10,.1945, and assignment instruc
tions dated May 20, 1945. 
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Su"ey commenced June 1,1945 
S~ey completed June 30.1945 

Original from 

541 

UNIVERSITY OF INNESOTA 



Digl ize by 
Original from 

UNIVERSITY OF INNESOTA 



INDEX TO SPECIMEN FIELD NOTES

T. 15 N., R. 20 E.

6

5

4

3

2 I

i

54S

7

8

9

10

12

555

555

547

! >8

\ '7

16

15

14

13

1

1

y 554

f

19

3

20

2' Â§

22

I

23

24

547

30

29

28

27

-Â»

2 6 >>

"0

553

552

550 /

' 559

545

31

32

&

34

o

3 5J )3

36

Ivy Island

Diamond Rock

Lake City Townsite.

L'ugti

555

557

560

Note.â��When the survey is executed by more than one engineer, the lines surveyed by each enginee

will be indicated by distinctive color and a statement made below the diagram of the color which applies

to the work of each engineer.

643

INDEX TO SPECIMEN FI ELD NOTES 

T. 15 N., R. 20 E. 

6 5 4 3 2 
0\ 

1 ~ . 
.54.9 

T 8 9 10 II 
tl) 

12 ~ 

S55 555 547 

~ ! 18 \17 16 15 14' 13 

t 554 

~':J':J'O 
19 20 21 .... 

22 23 24 
~ ~ 

.54.7 

~ _C' 
30 29 28 21 2i?'I :::=;2 /' 559 

55.1 552 550.. [ .545 

.... C) J~ 31 ~ 32 ~~ 34 I/) 36 \I) 

/:J 
lJ) 

.1'1l"e Ivy Island _____________________________________ .__________________ 555 
Diamond Rock____________________________________________________ 557 
Lake City Townsite_ ___________ _ __ _ __ _ _ ______ __ __ __ __ _ ___ _ _ ___ _____ 560 

NOTE.-Wben the survey Is executed by more than one engineer. the lines surveyed by each engineer 
will be lndlcated by distinctive color and a statement made below the diagram of the color which applies 
to the work of each engineer. 
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Subdivision of T. 15 N., R. 20 E.

Chains

20.00

29.30

31.60

39.50

40.00

The subdivisional survey of T. 16 N., R. 20 E., Is executed with a light-mountain solar

transit made by , Serial No , constructed in accordance with the stand-

ard specifications of the General Land Office. The horizontal circle has two double opposite

verniers reading to single minutes, and the vertical circle has one double vernier reading to

single minutes; the telescope has fixed stadia wires, ratio 1:132, with a focal constant of 1.2

Iks. The instrument is equipped with the General Land Office solar attachment; radius of

latitude arc 2H ins., and of declination arc $H Ins., each with verniers reading to single min-

utes. The instrument is in good condition, and having been placed in satisfactory adjustment

prior to beginning the survey, is tested and found free from appreciable error.

The directions of the subdivisional lines are determined by solar transit method. The

measurements are made with narrow steel tapes, 5 cbs. and 8 chs. in length, graduated every

link for the first 100 Iks., and the balance at intervals of 10 Iks. The tapes are tested by com-

parison with a 1-chain standard steel tape and found correct. The measurements are made

on the slope, and the vertical angle of each interval is ascertained by a clinometer in good

adjustment; the horizontal equivalents are entered in the field note record. Some of the

distances are determined by stadia method as shown in the record. Lines connecting pre-

viously established corners are run by the random and true method but the random lines

are omitted from the field notes except where needed to show the detail of a triangulation,

offset, or other technical operation.

The data furnished with the special instructions give the geographic position for the SE.

cor. of the Tp., as latitude 45Â°46.0y N., and longitude 107Â°54.0' W.

June 1, 1945, in camp on the Yellowstone River near the center of the NEH of sec. 35, at

3h10.8" a. m., 1. m. t., or 8*22.4" a. m. by my watch, I observe Polaris at eastern elongation,

making two sights each with the telescope in direct and reversed positions, and place a tack

at the mean point, on a peg driven firmly In the ground 8 chs. N. After sunrise, I lay off

the azimuth of Polaris, 1Â°26 00", and make a meridian mark on a second peg, 20.10 Iks. (13.33

ft.) to the west of the mean point in the line determined by the observation; I verify the angle

by a vernier reading of tne instrument.

In order to verify the latitude of this station and the reading of my watch, I make a merid-

ian observation of the sun, first setting on the lower limb and noting the transit of the west

limb, then, after reversal of the instrument, setting on the upper limb and noting the transit

of the east limb,

Mean observed altitude WW15"

Reduced latitude 45Â°45'45"

Mean watch time of observation . ...... 12b09*>26>

Watch fast of 1. m. t ll-46Â»

Same, by reference to radio time signals and calculated difference in longitude WÂ°3fr

Sun's apparent declination at Greenwich apparent noon.. _ 22Â°02'34.6"

Every 30 m. from 6 to 10.30 a. m. and from 1.30 to 6 p. m., I make proper settings on the

arcs of the solar attachment and ascertain that the resulting orientation of the instrument,

when compared with the meridian established by Polaris observation, has a maximum error

of less than 1'30".

I repeat the tests of the arcs daily by noon observation, and verify the meridional indica-

tions at frequent intervals throughout the survey.

The observed magnetio declination is 18Â°10/ E.

I make the following test of the stadia wire interval:

Horizontal length of base by steel tape measurement. 17.180 chs.

Mean of 10 rod readings at different nours during the day, vertical rod 8.703 ft.

Vertical angle of test +5Â°41'

K = 131.487

Reduced error in 10 chs., correction to be subtracted ..... 4.0 Iks.

Beginning the subdivisional survey at the cor. of sees. 1, 2, 35, and 36, on the S. bdy. of the

Tp., which is monumented with a sandstone, 8x6x5 ins. above ground, firmly set, marked

and witnessed as described in the official record.

N. 0Â°01' W., bet. sees. 35 and 36.

Over level bottom land.

Enter scattering timber.

SE. cor. of field; leave scattering timber.

A cabin bears West, 6.00 chs. dist.

Enter State Highway No. 25, bears N. along section line, and E.

Point for the K sec. cor. of sees. 35 and 36.

Bury a granite stone, 12 x 12 x 12 ins., mkd. X, 2 ft. underground, from which

An iron post, 30 ins. long, 2 ins. diam., set 24 ins. in the ground, for a reference monument,

with brass cap mkd. with an arrow pointing to the oor. and H S36 RM, bears East, 46

Iks. dlst.

544

Subdivision of T. 15 N., R. eo E. 

The subdJvfslonalmrve:r of T. 16 N., R. 20 E., Is executed with a lfght-mountafn solar 
tranalt made b:r ____________ , 8erlal No. _____ ., constructed in accordance with the stand-
ard soecl1icationa of the General Land Office. The horizontal circle has two double opJ)08ite 
vernfers I'fJ8dinI to linI1e minutes, and tbe vertical circle bas one double vernier reailIng to 
sfnlle minutes; the telescope bas tIxed stadia wires, ratio 1:132, with a focal constant of 1.2 
lks. The instrument Is eqUlp~ with the General Land Otllce solar attachment· radius of 
latitude arc 2K ins., and of deClination arc SK ins., each with verniers readinl to sbigle min
utes. The Instrument Is In good condition, and having been placed In satisfactory adjustment 
prior to beglmrlna the sarver, Is tested and found free from appreciable error. 

The directions of the subdJvfslonal lines are determined by solar tranait method. The 
measurements are made with narrow steel tapes, 5 chs. and 8 cbs. in length, graduated every 
llnll: for the first 100 lb., and the balance at intervals of 10 lks. The tapes are tested by com
parison with a l-chain standard steel tape and found correct. The measurements are made 
on the slope, and the vertical anale of each interval Is ascertained by a clinometer in Rood 
adjustment; the horizontal equivalents are entered in the field note record. Bome of the 
distances are determined by stadia method as shown In the record. Lines connectinlPre
vlously established comers are run ,by the random and true method but the random lines 
are omitted from the field notes except where needed to show the detail of a triangulation. 
offset, or other technical operation. 

The data furnished with the special instructions give the geographic position for the BE. 
cor. of the Tp., as latitude 450 4S.0' N., and longitude 107"54.0' W. 

June 1, IIHS, in camp on the Yellowstone River near the center of the NE~ of sec. 35 at 
3bl0.S- a. m., I. m. t., or 3.22.4- a. m. b:r my watch, I observe Polaris at eastern elonptlon, 
makinl two sights each with the telescope in direct and reversed positions, and place a tacll: 
at the mean point on a peg driven firmly In the ground 8 chs. N. After sunrise I layoff 
the azimuth of PoiArli, 1°26'00", IUId make a meridian mark on a second pee, 20.10 bis. (13.33 
ft.) to the west of the mean point in the line determined by the observation; I verify the ancIe 
by a vernier readinl of the instrument. 

In order to verify the latitude of this station and the readlng of my watch, I make a merid
Ian observation of the sun, first setting on the lower limb and noting the tranait of the west 
limb, then~.after reversal of the instrument, setting on the upper limb and noting the tranait 
of the east wnb, 
Mean observed altltude __________________________________________________________ 66°19'15" 
Reduced latltude ____ .. ____________________________________________________________ 45°45'46" 
Mean watch time of obaervatlon _________________ • ________________________________ 12b()9"2& 
Watch fast of I. m. t_. ________ . _________ ..... _. _._ ...... _ .. ___ . ___ . ___ . _ . __________ 11-460 
Same, b:r reference to radio time signals and calculated dlfl'erence in longltude _____ 11"36" 
Bun's apparent declination at Greenwich apparent noon _ ... __ .. _____ . ____________ ~02'34.8" 

Every 30 m. from e to 10.30 a. m. and from 1.30 to 6 p. m., I make proper settings on the 
arcs of the solar attachment and ascertain that the resulting orientation of the instrument, 
when compared with the meridian established by Polaris observation, has a maximum error 
of less than 1'30". 

I repeat the tests of the arcs dafly by noon observation, and verify the meridional indica
tions at frequent Intervals throuahout the survey. 

The observed m6iDetio decllnatlon Is 18"10' E. 
I make the follow1nl test of the stadia wire Interval: 

Horizontal length of baae by steel tape measurement _____ . ___ . ___ . ____________ 17.180 cha. 
Mean of 10 rod" readlnp at different hours during the day, vertical rod ________ 8.703 ft. 
Vertical ancIe of teaL __________________________________________________ ------ i~~~~.487 

Reduced error in 10 cha., correction to be subtracted. _________________________ 4.0 lks. 

Beglnninl the subdJvlslonal survey at the cor. of secs. I, 2, 35, and 36, on the B. bdy. of the 
Tp., which Is monumented with a sandstone, 8 x 6 x 5 Ins. above around, firmly set, marked 
and witnessed as described in the official record, 

N. 0°01' W., bet. sees. 35 and M. 

Over level bottom land. 

~. 00 Enter scattering timber. 

29.30 BE. cor. of field; leave scattering timber. 

31.50 A cabin bears West, 6.00 chs. dlst. 

39.50 Enter Btate Highway No. 25, bears N. along section line, and E. 

40.00 Point for the M sec. cor. of sees. 35 and 36. 

Bury a granite stone, 12 x 12 x 12 Ins., mtd. X, 2 ft. underground, from which 

An iron post, 30 Ins. long, 2 ins. dJam., 118t 24 ins. in the ground, for a reference monument, 
with brass cap mkd. with an arrow pointinl to the cor. and ~ B36 RM, bears East, 46 
1lI:s. dist. 
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Chains

50.50

51.50

57.50

72.00

80.00

16.20

39.98

An iron post 30 ins. long, 2 ins. diam., set 24 ins. in the ground, for a reference monument,

with brass cap mkd. with an arrow pointing to the cor. and H S35 KM, bears West,

46 Iks. dist.

NE. cor. of field.

Highway turns to N. 70Â° W.

Enter heavy timber and dense undergrowth, edge bears N. 54Â° E. and S. 54Â° W.

Leave undergrowth.

Point for the cor. of sees. 25, 26, 35, and 36. ^

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

T 15 M

S 26

R 20 E

S 25

S 35 S 36

1945

from which

A green ash, 13 ins. diam., bears N. 22Â° E., 26 Iks. dist., mkd. T15N E20E S25 BT.

A green ash, 23 ins. diam., bears S. 71KÂ° E., 37 Iks. dist., mkd. T15N E20E E36 BT.

A green ash, 17 ins. diam., bears S. 64Â° W., 41 Iks. dist., mkd. T15N E20E S35 BT.

A cottonwood, 13 ins. diam., bears N. 21JiÂ° W., 36 Iks. dist., mkd. T15N R20E S26 BT.

Land, level bottom; northern 20 chs. subject to overflow.

Soil, alluvial, silt and loam.

Timber, green ash and cottonwood; undergrowth, willow.

From the cor. of sees. 25, 30, 31, and 36 on the E. bdy. of the Tp., which is monumented with

a sandstone, 8x5x5 ins. above ground, marked and witnessed as described in the official

record.

N. 89Â° 66' W., bet. sees. 25 and 36.

Over level bottom land, through scattering timber.

Cherry Creek, 12 Iks. wide, course NW.

Point for the Ji sec. cor. of sees. 25 and 36.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

S 25

S 36

1945

79.96

25.36

from which

A green ash, 8 ins. diam., bears N. 64JiÂ° W., 124 Iks. dist., mkd. Ji S25 BT.

A green ash, 7 Ins. diam., bears B. 65JiÂ° W., 189 Iks. dist., mkd. >i S36 BT.

The cor. of sees. 25, 26, 35, and 36.

Land, level bottom; mostly subject to overflow.

Soil, alluvial, silt and loam.

Timber, green ash and cottonwood.

N. 0Â°01' W., bet. sees. 25 and 26.

Over level bottom land, through heavy timber.

Right bank of Yellowstone Eiver, course N. 81Â° E.; banks 2 to 12 ft. high; water is high at

present stage and from 1 to 8 ft. deep.

Chain. 
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An Iron post 30 ins. long, 2 ins. diam., set 24 ins. in the ground, for a reference monument, 
with brass cap mkd. with an arrow pointing to the cor. and ~ 835 RM, bears West, 
t6 lks. dlst. 

50.50 NE. cor. of field. 

51. 50 Highway turns to N. 70° W. 

57.60 Enter heavy timber and dense undergrowth, edge beans N. 64° E. and B. 64° W. 

72. 00 Leave undergrowth. 

SO.OO Point for the cor. of sees. 25, 26, 35, and 36. '" 

Bet an Iron post, 80 ins. long, 2 ins. dlam., 24 ins. In the ground, with brass cap mid. 

T 15 N 
5 26 

R 20 E 
S 25 

5 35 536 
1945 

from which 

A green ash, 13 ins. diam., beans N. 22° E., 26lks. dist., mkd. T15N R20E B25 BT. 

A green ash, 23 ins. diam., bears B. 71~0 E., 37lks. dist., mkd. T15N R20E B36 BT. 

A green ash, 17 Ins. dtam., bears B. 64° W., 4llks. dist., mkd. T15N R20E 835 BT. 

A cottonwood, 13 ins. diam., bears N. 21~0 W., 36lks. dlst., mkd. TIm R20E S26 BT. 

Land, level bottom; northern 20 chs. subject to overflow. 
Soil, alluvial, silt and loam. 
Timber, green ash and cottonwood; undergrowth, willow. 

From the cor. of sees. 25, 30, 31, and 36 on the E. bdy. of the Tp., which b monumented with 
a sandstone, 8 J: 5 J: 5 Ins. above ground, marked and witnessed as described in the official 
record. 

N. 890 56' W., bet. secs. 25 and 36. 

Over level bottom land, throUgh scattering timber. 

16. 20 Cherry Creek, 12 lks. wide, course NW. 

39.98 Point for the ~ sec. cor. of SCC8. 25 and 36. 

Bet an iron post, 30 Ins. long, 2 Ins. dlam., 24 Ins. In the ground, with brass cap mkd. 

from which 

J. 5 25 
4 S 36 

1945 

A green ash, 8 Ins. diam., bears N. 64~0 W., 124lks. dist., mkd. ~ 825 BT. 

I>. greeD ash, 7lns. diam., beans S. 65~0 W., 1Sg lka. dist., mkd. ~ S36 BT. 

79. G6 The cor. of SCC8. 25, 26, 35, and 36. 

Land, level bottom; mostly subject to overflow. 
Boil, alluvial, ant and loam. 
Timber, green ash and cottonwood. 

N. 0°01' W., bet. secs. 25 and 26. 

Over level bottom land, through heavy timber. 

26.8CI Right bank of Yellowstone River, course N. 81° E.; banks 2 to 12 ft. high; water b high at 
present stage and from 1 to 8 ft. deep. 
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49. 4G

62.60

Point for the meander cor. of sees. 25 and 26.

Set an Iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

M C

S 26

T 15 N

S 25

R 20 E

â�¢9 45

from which

A Cottonwood, 12 ins. diam., bears S. 18KÂ° E., 16 Iks. dist., mkd. T15N R20E S25 MC BT.

A green ash, 11 ins. diam., bears S. 74MÂ° W., 25 Iks. dist., mkd. T15N E20E S26 MC BT.

Stadia to left bank of river: 12.096 and 12.088 ft., â��0Â°Vf.

Left bank of river.

Point for the meander cor. of sees. 25 and 26.

Set a washed granite boulder, 34 x 9 x 7 ins. 24 ins. in the ground, mkd.

5 grooves on N.,

1 groove on E.,

MC on S., and

5 grooves on W. face; from which

A green ash, 10 ins. diam., bears N. 34)iÂ° E., 228 Iks. dist., mkd. T16N E20E S25 MC BT.

Raise a mound of stone, 5 ft. base, 3 ft. high, N. of cor.

Enter scattering timber.

Bluff, 20 ft. high, bears E. and W.; leave timber.

Telephone line, bears E. and W.

Point for the cor. of sees. 23, 24, 25, and 26.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

T 15 N R 20 E

S 23

S 24

S 26 S 25

1945

dig pits, 18 x 18 x 12 ins., In each sec, 3 ft. dibi.

Land, nearly level; 52 chs. bottom land subject to overflow.

Soil, alluvial, silt and loam, and sandy.

Timber, green ash and cottonwood.

The cor. of sees. 19, 24, 25, and 30 on the E. bdy. of the Tp. is monumented with a sandstone,

12x9x5 Ins., poorly mkd. with 4 notches on one edge and 2 notches on opposite edge, loosely

set on the east side of a small mound of stone.

At the corner point,

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

TI5 N

R 20 E

S 24

R 21 E

S 19

S 25 S 30

1.045

raise a mound of stone, 3 ft. 1

side the iron post.

e, 2 ft. high, W. of cor. and bury the original oomer stone along-

546 MANUAL OF SURVEYING INSTRUCTIONS 

Chain.! 
Point for the meander cor. of sees. 25 and 26. 

Bet an Iron post, 30 Ins. long, 2 Ins. dJam .. 24 Ins. In the ground, with brass cap mkd. 

from which 

526 
T 15 N 

5 25 
R 20 E 

1945 

A cottonwood, 12 Ins. diam., bears 8. IB~o E., I{j lks. dist., mkd. THiN R20E SU Me BT. 

A green ash,llins. diam., bears S. 74~0 W., 25lks. dist., mkd. T15N R20E S26 Me BT. 

Stadia to left bank of river: 12.096 and 12.088 ft., -0°10'. 

49. 46 Left bank of river. 

Point for the meander cor. of sees. 25 and 26. 

Set a washed granite boulder, 34 J: 9 J: 7 Ins. 24 ins. In the ground, mkd. 

Ii grooves on N., 
1 grOO"!! on E'l Me on S., ana 
Ii grooves on W. face; from which 

A green ash,10 Ins. dlam., bears N. 34~0 E., 228lks. dist., mkd. TlliN R20E SU Me BT. 

Raise a mound of stone, II ft. base, 3 ft. high, N. of cor. 

Enter scattering timber. 

62. 60 Bluff, 20 ft. high, bears E. and W.; leave timber. 

63.80 Tell'phone line, bears E. and W. 

SO.OO Point for the cor. of sees. 23, 24, 2.'), and 26. 

Bet an iron post, 30 Ins. long, 2 im. dlam .• 24 Ins. In the ground, with brass cap mkd. 

T 15 N 
523 

S 26 

R 20 E 
524 

5 25 
1945 

dig pits, 18 J: 18 J: 12lns., In each sec., 3 ft. llu,L. 

Land, nearly Jevel; 112 cbs. bottom land subject to overflow. 
Soli, alluvial, silt and loam, and sandy. 
Timber, green ash and cottonwood. 

The cor. of sees. 111,24, 25, and 30 on the E. bdy. of the Tp. Is monumented with a sandstone, 
12 x 9 x Ii Ins., poorly mkd. with 4 notches on one edge and 2 notches on opposite edge, loosely 
set on the east side of a small mound of stono. 

At the corner point, 

Bet an Iron post, 30 Ins. long, 2 Ins. diam., 24 Ins. In the ground, with brass cap mkd. 

TIS N 
R 20 E R 21 E 

S 24 5 19 

5 25 5 30 

"~45 
raI!e a mound of stone, 3 ft. baae, 2 ft. hlih, W. of cor. and bury Ule orlglnal corner stone akmI

lids the Iron peat. 
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70.00

79.98

31.49

Thence

N. 89Â° 55' W., bet. sees. 24 and 25.

Over level land.

Fletcher's service station bears South, 8 chs. dist.

Point for the Ji sec. cor. of sees. 24 and 25.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

S 24

S 25

1945

dig pits, 18 x 18 112 ins., E. and W. of post, 3 ft. dist.

U. S. Highway No. 87, bears N. 73" W. and S. 73Â° E.

The cor. of sees. 23, 24, 25, and 26.

Land, level.

Soil, sandy.

No timber.

Notk.â��The field notes continue in the regular order and on the same form; the record of 3

miles omitted.

From the cor. of sees. 7,12,13, and 18 on the E. hdy. of the Tp., which is monumented with a

sandstone, 8x5x8 ins. above ground, firmly set] marked and witnessed as described In the

official record.

N. 89Â° 52" W., bet. sees. 12 and 13.

Over nearly level land.

Intersect the NE. bdy. of the Rancho San Bias.

Point for the closing cor. of sees. 12 and 13.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

T I5N

RS B\ S 12

CC

LG \S 13

R 20 E

1945

40.015

67.07

raise a mound of stone, 3 ft. base, 2 ft. high, E. of cor.

From this point the 5th Mi.Cor. of the grant boundary bears S. 33Â° 00* E.,7.00 chs. dist., and

is monumented with a limestone, 15 x 8 i 5 ins. above ground, firmly set, marked and wit-

nessed as described in the official record.

Thence on a blank line across the grant.

Point for Ji sec. cor. of sees. 12 and 13, not monumented.

Intersect the SW. bdy. of the grant.

Point for the closing cor. of sees. 12 and 13.

Set a granite stone, 25 x 7 x 6 ins., 16 ins. in the ground, mkd.

2 grooves on N.,

ESB LO on E.,

4 grooves on S., and

CO and 6 grooves on W. face; and raise a mound of stone, 2 ft. base, 1M ft. high, W. of cor.

Cflafm 

SUBDIVISION OF T. 15 N., R. 20 E. 

Thence 

N. 89° 1i5' W., btot; !leCS. 24 and 211. 

Over level land. 

547 

38. 00 Fletcher's!lervlce station bears South, 8 cbs. dist. 

39. gg Point for the ~ sec. cor. of sees. 24 and 25. 

Set an Iron post, 30 Ins. long, 2 Ins. diam., 24 Ins. In the ground, with brass cap mkd. 

S 24 
.!.---
4 

S 25 

1945 
dig pits, IS x 18 x 12 Ins., E. and W. of post, 3 ft. <list. 

70.00 U. S. Highway No. 87, bears N. 73° W. and S. 73° E. 

79.98 The cor. of secs. 23, 24, 25, and 26. 

Land, level. 
Boll, sandy. 
No timber. 

NOTE.-The field notes continue In the regular order and on the same form; the record on 
miles omitted. 

From the cor. of sees. 7, 12, 13, and 18 on the E. bdy. of the Tp., which Is monumented with a 
sandstone, 8 x 5 x 81ns. above ground, firmly set, marked and witnessed as described In the 
official record. 

N. 89° 52' W., bet. sees. 12 and 13. 

Over nearly levelland. 

31.49 Intersectthe NE. bdy. of the Rancho San Dlas. 

Point for the closing cor. of sccs. 12 and 13. 

Bet an Iron post, 30 ins. long, 2 Ins. diam .• 24 Ins. In the ground, with brass cap mid. 

\-----cc 

1945 
raise a mound of stone, 3 ft. base, 2 ft. high, E. of cor. 

From this point the 11th MI.Cor. of the grant boundary bears S. 33° 00' E.,7.00 cbs. d1st'l and 
is monumented with a limestone, 15 x 8 x 5 Ins. above ground, tlrmly set, marked ana wit· 
nessed as described In the official record. 

Thence on a blank line across the grant. 

40.0111 Point for ~ sec. cor. of sees. 12 and 13, not monumented. 

67.07 Intersect the SW. bdy. of the grant. 

Point for the closing cor. of sees. 12 and 13. 

Set a granite stone, 25 x 7 x 6 Ins., 16 Ins. in the ground, mkd. 

2 grooves on N., 
RSB LO on E., 
4 grooves on S., and 
00 and 6 grooves 08 W. face; and raise a mound of stone, 2 ft. bale, 1~ ft. hlgh, W. of cor. 
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76.00

80.03

11.00

36.60

40.00

44.32

From this point the 3K MI. Cor. of the grant boundary bears N. 19Â°30' W., 12.00 chs. dist.,

and is monumented with a flint stone, 12x6x8 ins. above ground, firmly set, marked and

witnessed as described in the official record.

The closing comer is located on the top of a ridge bearing N. 15Â° W. and S. 15Â° E.; thence

over rough stony ground.

Begin descent over broken SW. slope.

The cor. of sees. 11,12,13, and 14.

Land, eastern part, level; western part, mountainous.

Soil, sandy loam and stony.

No timber.

N. 0Â°01' W., bet. sees. 11 and 12.

Ascend over broken SW. slope.

Top of ascent, bears N. 60Â° W. and S. 60Â° E.; thence over nearly level land.

Intersect the SW. bdy. of the Rancho San Bias.

Point for the closing cor. of sees. 11 and 12.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

S B

from which

A lone Jumper, 20 Ins. diam., bears 8. 34Â°25' W., 484 Iks. dist., mkd. T15N R20E Sll CO

BT.

Raise a mound of stone, 2 ft. base, 1M ft. high, S. of cor.

From this point Cor. No. 7 of the grant boundary bears N. WSC W., 7.40 chs. dist., and is

monumented by a granite boulder, 6 x 4 x 1H ft. above ground, marked and witnessed as

described in the official record.

Thence on a blank line across the grant.

Point for X sec. cor. of sees. 11 and 12, not monumented.

Intersect the NW. bdy. of the grant.

Point for the closing cor. of sees. 11 and 12.

Set an iron post, 30 Ins. long, 2 ins. diam., 15 ins. in the ground to bedrock, and in a mound of

stone to top, with brass cap mkd.

cc

RS BLG

1945

' n

Bury a granite stone 10 x 7 x 6 Ins., mkd. X alongside the Iron post.

From this point Cor. No. 7 of the grant boundary bears S. 7SW W., 2.88 chs. dist., previously

described.
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Chain8 
From this point the 3~ MI. Cor. of the grant boundary bears N. 19°30' W .• 12.00 chao dlst.t and Is monumented with a flint stone. 121618 ins. above ground, firmly set. marked ana 

witnessed as described in the olllcial record. 

The closing comer Is located on the top of. ridge bearing N. 16° W. and B. 16° E.; thence 
over rough stony ground. 

76.00 Begin descent over broken BW. slope. 

SO.03 The cor. of S8CS. 11, 12, 13, and 14. 

Land. eastern part, level; western part, mountainous. 
Soll. sandy loam and stony. 
No timber. 

N. 0"01' W., bet. sees. 11 and 12. 

Ascend over broken SW. slope. 

11.00 Top of ascent. bears N. 60° W. and B. 60° E.; thence over nearly levelland. 

36.60 Intersect the BW. bdy. of the Rancho Ban BIas. 

Point for the closing cor. of S8CS. 11 and 12. 

Bet an Iron post, 30 Ina. lOlli, 2 ins. diam .• 24 ins. In the ground, with brass cap mid. 

from which 

T 15 N 
R 20 E 12 

CC 
1945 

Alone Juniper, 20 Ins. diam., bears B. M026' W., 484lks. dist., mkd. T16N R20E Sl1 CO 
BT. 

Raise a mound of atone, 2 ft. base, 1~ ft. hfgh, S. of cor. 

From this point Oor. No.7 of the grant boundary bears N. 19°30' W., 7.40 cbs. dIst., and Is 
monumented by a granite boulder, 6 % 4 % 1~ ft. above ground, marked and witnessed .. 
described in the omclal record. 

Thence on a blank line across the grant. 

40. 00 Point for ~ sec. cor. of S8CS. 11 and 12, not monumentecL 

44. 32 Intersect the NW. bel,.. of the grant. 

Point for the closing cor. of S8CS. 11 and 12. 

Bet an Iron post, 30 Ina. long, 2 ins. dlam., 16 ins. in the ground to bedrock, and in • mound of 
atone to top, with brass cap mtd. 

CC 
TISN R20E 

5 II 512 

1945 or; 
Bury • cranlte stone 10 % 7 % 6 Ina., mkd. X alongside the Iron posL 

I'ro~~lnt Cor. No.7 of the anmt boundary bears B. 78°00' W., 2.118 cha. diIt., previotuly 
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Chains

60.80

80.00

3.50

18.07

40.02

41.10

49.60

69.00

80.04

49.30

79.77

Thence over rolling ground.

A creek, 6 Iks. wide, course SE.

Point (or cor. of sees. 1, 2,11, and 12.

Set a granite stone, 24 x 10 x 7 ins., 16 ins. in the ground, mkd. with 1 notch on E. and 6 notches

on S. edge; and raise a mound of stone, 2 ft. base, 1 > â� â�¢ ft. high, W. of cor.

Land, mountainous.

Soil, sandy clay and stony.

Timber, a few scattering Juniper.

From the cor. of sees. 1, 6, 7, and 12 on the E. bdy. of the Tp., which is monumentcd with

an oak post, 4 ins. sq., 12 ins. above ground, (irmly set, marked and witnessed as described

in the official record.

N. 89Â°49' W., bet. sees. 1 and 12.

Over rolling land.

Enter a grove of heavy timber, edge bears North and S. 20Â° W.

A burr oak, 12 ins. diam., on line, mkd. with two hacks each on E. and W. sides.

Point for the H sec. cor. of sees. 1 and 12.

Set a granite stone, 28 x 11 x 9 Ins., 18 ins. in the ground, mkd. Ji on N. face; from which

A burr oak, 9 ins. diam., bears N. 19HÂ° W., 22 Iks. dist., mkd. Ji SI BT.

A burr oak, 11 ins. diam., bears S. 65*AÂ° W., 129 Iks. dist., mkd. Ji S12 BT.

A ravine, course S. 20Â° W.

A ravine, course S. 30Â° W.

Leave grove, edge bears NE. and SE.

The cor. of sees. 1,2,11, and 12.

Land, rolling mountainous.

Soil, sandy clay and stony.

Timber, burr oak.

N. OW E., bet. sees. 1 and 2.

Point for the H sec. cor. of sees. 1 and 2.

Set a limestone, 20 x 10 x 6 Ins., 13 ins. in the ground, mkd. \i on W. face; and raise a mound

of stone, 2 ft. base, \\i ft. high, W. of cor.

An arroyo, course N. 70Â° E.

Intersect N. bdy. of the Tp. at the cor. of sees. 1, 2, 35, and 36, which is monumented with

a limestone, 16 x 6 x 5 ins., mkd. with 1 notch on E. and 5 notches on W. edge, loosely set,

with small mound of stone on the W.

At the comer point,

Set an iron post, 30 ins. long, 2 ins. diam., 10 ins. in the ground to bedrock, and in a mound of

stone to top, with brass cap mkd.

T 16 N R 20 E

S 35 S 36

S 2 S I

T 15 N

1945

Bury tbe original corner stone alongside the iron post.

Land, rolling mountainous.

Soil, sandy clay.

No timber.
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Thence over' rolllng ground. 

60. SO A creek, 15 lb. wide, course BE. 

SO. 00 Point for cor. of 88C8. 1, 2, 11, and 12. 

Set a granite stone, 24 x 10 x 7 Ins., 16 Ins. In the ground, mkd. with 1 notch on E. and Ii notches 
on S. edge; and ralse a mound of stone, 2 ft. base, 1~ ft. high, W. 01 cor. 

Land, mountainous. 
Boil, sandy clay and stony. 
Timber, a few scattering Juniper. 

From the cor. of sees. 1,61 7, and 12 on the E. bdy. of the Tp., which Is monumented with 
an oak post, , ins. sq., 1~ Ins. above ground, firmly set, marked and witnessed as described 
In the omclal record. 

N. &DOW W., bet. secs. 1 and 12. 

Over rolllng land. 

3.50 Enter a grove of heavy timber, edge bears North and B. 20° W. 

18.07 A burr oak, 12 Ins. dlam., on line, mkd. with two hacks each on E. and W. sides. 

'0. 02 Point for the ~ sec. cor. of sees. 1 and 12. 

Bet a granite stone, 28 x 11 x 9 Ins., 18 ins. In the ground, mkd. ~ on N. face; from which 

A burr oak, 9 Ins. dlam., bears N. 19~0 W., 22lks. dlst., mkd. ~ SI BT. 

A burr oak, 11 Ins. diam., bears S. 65~0 W.,I2Dlks. dlst., mkd. ~ B12 BT. 

U.IO A ravine, course S. 20° W • 

.0.60 A ravine, course S. 30° W. 

611.00 Leave 1I'0ve, edge bears NE. and BE. 

SO. ~ The cor. of sees. 1, 2, 11, and 12. 

Land, rolling mountainous. 
Soil, sandy clay and stony. 
Timber, burr oak. 

N.O"02' B., bet. sees. 1 and 2. 

'0.00 Point for tha ~ sec. cor. of secs. 1 and 2. 

Set a limestone, 20 x 10 x 6 Ins., 13 Ins. in the ground, mkd. ~ on W. face; and raise a mound 
of stone, 2 ft. base, 1~ ft. high, W. of cor. 

'9. 30 An arroyo, coune N. 700 B. 

N.77 Intersect N. bdy. of the Tp. at the cor. of sees. 1,2,35, and 36, which Is monumented with 
a limestone, 16 x 6 x Ii Ins., mkd. with 1 notch on E. and Ii notches on W. edge, loosely set, 
with small DlOund of stone on the W. 

At the comer point, 

Set an iron post, 30 Ins. long, 2 Ins. dlam., 10 Ins. In the ground to bedrock, and In a mound of 
stone to top, with brass cap mkd. 

T 16 N 

535 

5 2 

R 20 E 

S 36 

51 

T IS N 
(945 

Bury the orfg1naJ comer .tone alongside the iron peat. 

Land, rolling mountainoUi. 
SOU, sandy clay. 
No timber. 
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Chains

42.00

46.00

SO. 00

80.00

40.00

48.13

66.32

80.06

13 74

From the cor. of sees. 2, 3, 34, and 35, on the 8. bdy. of the Tp., which la monumented with

a sandstone, 14 x 8 x 8 Ins. above ground, firmly set, marked and witnessed as described in

the official record.

N. 0Â°02' W., bet. sees. 34 and 35.

Over level bottom land.

Point for the K see. cor. of sees. 34 and 35.

Set a sandstone, 28 x 10 x 8 ins., 21 ins. in the ground, mkd. Ji on W. face; and raise a mound

of stone, 4 ft. base, 3 ft. high, W. of cor.

Leave bottom land, bears N. 70Â° E. and S. 70Â° W.; ascend sandy ridge.

Top of wind-blown sandy ridge, bears N. 70Â° E. and S. 70Â° W.

Foot of sandy ridge; thence over nearly level land.

Point for the cor. of sees. 26, 27, 34, and 35.

Set an Iron post, 30 ins. long, 2 Ins. diam., in a concrete form, 8 ins. upper diam., 14 Ins. lower

diam., and 30 ins. long, 24 ins. in the ground, with brass cap mkd.

T 15 N R 20 E

S 27 S 26

S34

S 35

1945

Land, south-half, level bottom subject to overflow; north-half, level sandy plain.

Soil, alluvial, silt and loam.

No timber.

S. 89Â°57' E., on a random line bet. sees. 26 and 35.

Set temp. M see. cor.

Left bank of river; set temp, meander cor.

Stadia to right bank; 9.131 and 9.119 ft., leveL

Right bank of river; set temp, meander cor.

Fall 3 Iks. to the right of cor. of sees. 25, 26, 35, and 36.

Thence

N. 89Â°58' W., on true line bet. sees. 26 and 35.

Over level bottom land, through heavy timber.

Eight bank of Yellowstone River, course N. 20Â° W.; banks 2 to 10 ft. high; water is high at

present stage and from 1 to 8 ft. deep.

Point for the meander cor. of sees. 26 and 35.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

TI5 N

S 26

M C1

S 35

R 20 E

, hÂ«. I945

SI. S3

from which

A green ash, 9 ins. diam., bears N. 49JiÂ° E., 26 Iks. dist., mkd. T15N R20E S26 MC BT.

A cottonwood, 13 ins. diam., bears S. 38MÂ° E., 21 Iks. dist., mkd. T15N E20E S35 MC BT.

Left bank of river.

550 MANUAL OF SURVEYING INSTRUCTIONS 

From the cor. of sees. 2, 3, 34, and 35, on the B. bdy. of the Tp., which Is monumented with 
a sandstone, 14 x 8 x 8 ins. above ground, flrmly set, marked and witnessed as described In 
the omclal record. 

N. 0°02' W., bet. secs. 34 and 36. 

Over level bottom land. 

40.00 Point for the ~ seo. cor. of sees. 34 and 35. 

Set a sandstone
b

28 x10 x8 ins., 21 ins. In the ground, mkd. ~ on W. face; and raise a monnd 
of stone, 4 ft. ase, 3 ft. high, W. of cor. 

42.00 Leave bottom land, bears N. 70° E. and B. 70° W.; ascend sandy ridge. 

46.00 Top of wind-blown sandy ridge, bears N. 70° E. and B. 70° W. 

110.00 Foot of sandy ridge; thence over nearly levelland. 

SO.OO Point for the cor. of sees. 26, 27, 34, and 36. 

Bet an Iron post, 30 ins. long, 2 ins. dlam., In a coDcrete form, 8 Ins. upper dlam., 14 ins.lowez' 
dJam., and 30 Ins. long, 24 ins. In the ground. with brRss cap mkei. 

T 15 N R 20 E 
S 27 S 26 

S 34 S 35 
1945 

Land, !!Outh-half, level bottom subject to overt!owj north-half, level sandy plaID. 
Soil, elluvlal, silt and loam. 
No timber. 

B. 89°67' E., on a random line bet. secs. 26 and 35. 

40.00 Set temp. ~ seo. 001'. 

4&. 13 Left bank of river; I18t temp. meander cor. 

Stadia to right bank; 9.131 and 9.119 ft., level. 

66.32 Right bank of riverj set temp. meander cor. 

SO.06 Fall 3 lks. to the right of cor. of sees. 26, 26, 36, and 36. 

Thence 

N. 89°68' W., on true line bet. secs. 26 and 35. 

Over level bottom land, through heavy timber. 

1174 Right bank of Yellowstone River, course N. 20° W.; banks 2 to 10 ft. high; water Is high at 
present stage and from 1 to 8 ft. deep. 

Point for the meander cor. of secs. 26 and 35. 

Set an Iron post, 30 ins. long, 2 ins. diaID .• 24 Ins. in the ground, with brass cap mkd. 

from which 

535 
R 20 E 

1945 

.A. green ash, Dins. dlam., bears N. 49~0 E., 26lks. dlst., mkd. TlIiN R20E S26 MC BT . 

.A. cottonwood,131ns. dlam., bears S. 38~0 E., 21lks. dist., mid. THiN R20E S36MC BT. 

81.93 Left bank ofrlver. 
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Chains

87.60

40.03

70.50

80.06

13.90

40.00

63.60

80.00

Point for meander cor. of sees. 26 and 35.

Set a washed granite boulder, 40 i 12 i 8 Ins., 30 ins. in the ground, mkd.

5 grooves on N.,

MC on E.,

1 groove on 8., and *

5 grooves on W. face; and raise a mound of stone, 6 ft. base, 3 ft. high, W. of cor.

Ascend gradually through scattering timber.

Leave timber.

Foint for the H sec. cor. of sees. 26 and 35.

Set a granite stone, 24 x 12 i 8 ins., 16 ins. in the ground, mkd. H on N. face; from which

A green ash, 14 ins. diam., bears N. 28Â°50' E., 328 Iks. dist., mkd. Ji S2C DT.

A green ash, 9 ins. diam., bears S. 78Â°05' E., 278 Iks. dist., mkd. X S35 BT.

State Highway No. 25, bears N. 68Â° W. and S. 68Â° E.

The cor. of sees. 26, 27, 34, and 35.

Land, east of river, level bottom subject to overflow; west of river, level upland.

Soil, alluvial, silt and loam.

Timber, green ash and Cottonwood.

Note.â��The field notes continue in the regular order, and on the same form; the record of

13 miles omitted.

N. 0Â°03' W., bet. sees. 21 and 22.

Over level land.

Enter marsh, bears N. 60Â° E. and N. 80Â° W.

Point for the H sec. cor. of sees. 21 and 22.

Set a brass tablet, 3)4 ins. diam., 3H-inch stem. In a cylindrical concrete form, 30 Ins. long,

6 ins. diam., 24 ins. in the ground, with top mkd.

\_

A

S 2

S 22

1945

Leave marsh, bears N. 30Â° W. and S. 60Â° E.

Point for the cor. of sees. 15, 16, 21, and 22.

Set a brass tablet, 3M ins. diam., 3M-lnch stem, in a concrete form, 8 ins. upper diam., 14 Ins.

lower diam., 30 ins. long, 24 ins. in the ground, with top mkd.

T 15 N R 20 E

S 16 S 15

S 21 S 2 2

1945

Land, level; 39.70 chs., swamp and overflowed.

Soil, rich loam.

No timber.

Note.â��The field notes continue in the regular order, and on the same form; the record of

17 miles omitted.

The cor. of sees. 5, 6, 31, and 32, on the S. bdy. of the Tp. is monumented with a limestone
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CAef", 
Point for meander cor. of secs. 26 and 35. 

Set a washed granite boulder, 40 x 12 x 8 lm., 30 lm. In the ground, mkd. 

6 grooves on N., 
Meon E., . 
1 groove on B., and 4 

6 grooves on W. face; and raise II mound of stone, 6 ft. base, 3 ft. high, W. of cor. 

Ascend gradually through scattering timber. 

37. ro Leave timber. 

40.03 Point for the ~ sec. cor. of sees. 26 and 36. 

Set a granite stone, 24 x 12 x 8 Ins., 16 Ins. in the ground, mkd. ~ on N. face; from which 

A green ash, 14 Inll. dlam., bears N. 28°liC)' E., 328 Iks. dlst., mkd. ~ 826 BT. 

A green ash, 9 Ins. dlam., bears S. 78°05' E., 2781ks. dillt., mkd. ~ S35 BT. 

70. ro State Highway No. U, bears N. 68° W. and S. 68° E. 

SO.06 The cor. of sees. 26, 27, 34, and 35. 

Land, eBl!t of river, level bottom subject to overflow; west of river, level npland. 
Soli. alluvial, slit and loam. 
Timber, green ash and cottonwood. 

NOTB.-The feld notes continue In the regular order, and on the same form; the record of 
13 miles omitted. 

N. 0°03' W., bet. secs. 21 and 22. 

Over level land. 

13.110 Enter marsh, bears N. 60° E. and N. SOo W. 

«1.00 Point for the ~ sec. cor. of sees. 21 and 22. 

Set a brass tablet, au lm. dlam., 3j.i-lnch steml In II cylindrical concrete form, 30 lm. long, 
6 Ins. diam., 24 Ins. In the ground, with top m.a:d. 

I 
4" 

5 21 5 22 

1945 
83.60 Leave marsh, bears N. 30° W. and S. 00° E. 

80.00 Point for the cor. of sees. 15, 16, 21, and 22. 

Set a brass tablet, 3U lm. dlam., 3j.i-lnch stem. In a concrete form, Sins. upper <liam., 14 Ins. 
lower dlam., 30 Ins. long, 24 Ins. in the ground, with top mkd. 

T 15 N R 20 E 
S 16 S 15 

5 21 5 22 
1945 

Land, level; 39.70 cbs., swamp and overflowed. 
Boil, rich loam. 
No timber. 

NOTB.-The field notes continue In the regular order, and on the same form; the record of 
17 miles omitted. 

The cor. of sees. 6, 6, 31, and 32, on the S. bdy. of the Tp. III monumented with II limestone 
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Chains

40.00

IS i 8 x 6 ins., poorly mkd. with 5 notches on one edge and 1 notch on opposite edge, lying

on the ground on the east side of a small mound of stone.

At the comer point,

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

T 15 N

S3I

R 20 E

S32

S 6 S 5

T 14 N

1945

raise a mound of stone, 4 ft. base, 2 ft. high, W. of cor. and bury the original corner stone

alongside the iron post.

N. 0Â°05' W., bet. sees. SI and 32.

Over level land.

Point for the K sec. cor. of sees. 31 and 32.

Set a brass tablet, 3H ins. diam., 3}4-inch stem, in a cylindrical concrete form, 36 ins. long, 6

ins. diam., 24 ins. in the ground, with top mkd.

j_

4

S 3

S 32

1945

Point for the cor. of sees. 29, 30, 31, and 32.

Set an iron post, 30 ins. long, 2 Ins. diam., 24 Ins. in the ground, with brass cap mkd.

TI5 N R 20 E

S 30

S3I

S 29

S 32

1945

14.50

16.50

28.60

raise a mound of stone, 3 ft. base, 2 ft. high, \V. of cor.

Land, level.

Soil, sandy.

No timber.

From the cor. of sees. 28, 29, 32, and 33.

N. 89Â°54' W., bet. sees. 29 and 32.

Over level land.

Base of slope, bears N. 30Â° E. and S. 30Â° W.

Top of slope.

A spring bears South, 2.50 chs. dist.

Point for the Yi sec. cor. of sees. 29 and 32
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Chalm 

40.00 

16 x 8 x 6 Ins., poorly mkd. with .5 notches on one edge and 1 notch on opposite edge, lying 
on the grouna on the east side of a smaU mound of stone. 

At the comer point, 

Set an Iron post, 30 Ins. long, 2 Ins. dlam., 24 ins. In the ground, with brass cap mkd. 

T 15 N 

S 31 

56 

R 20 E 
S 32 

55 
T 14 N 

1945 

raise 8 mound of stone, 4 ft. bal6, 2 ft. high, W. of cor. and bury the original comer .tone 
alongside the Iron post. 

N. 0°05' W., bet. sees. 31 and 82. 

Over levelland. 

Point for the 30( 860. cor. of sees. 31 and 82. 

Set a brass tablet, 3~ Ins. dlam .• 3~lnch stem, In a cylindrical concrete form, 36 Ins. lone, 6 
ins. diam., 24 Ins. in the ground, with top mkd. 

t 
4' 

S 31 S 32 

1945 
SO.OO Point for the cor. of sees. 29, 30, 31, and 32. 

Bet an Iron post, 30 ins. long, 2 Ins. dlam., 24 Ins. in the ground, with brass cap mkd. 

T'IS N 
530 

R 20 E 
S 29 

531 S 32 

1945 

raise 8 mound of stone, 8 ft. base, 2 ft. hlah, W. of oor. 

Land, level. 
Soil, sandy. 
No timber. 

From the cor. of sees. 28, 29, 32. and 33. 

N. 89°M' W., bet. sees. 29 and 32. 

Over levelland. 

14.M Base ofslope, bears N. 30° E. and S. aoo W. 

16. liO Top of slope. 

28. ro A spring bears South, 2.50 cbs. dist. 

ag. G8 Point for th. 30( sec. cor. of sees. 29 and 32 
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Chains

79.96

40.00

78.35

2.00

Set a brass tablet, 3H ins. diam., 3H-inch stem, in a cylindrical concrete form, 30 ins. long, f

ins. diam., 24 ins. in the ground, with top mkd.

i

4

S 29

S 32

1945

The cor. of sees. 29, 30, 31, and 32.

Land, level.

Soil, sandy.

No timber.

N. 89Â°57' W., bet. sees. 30 and 31.

Point for the H see. cor. of sees. 30 and 31.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd

S 30

1

4

S 31

1945

dig pits,

18i18 J

12 ins.

E

and W

of post, 3 ft. dist.

Intersect W. bdy. of Tp. at the cor. of sees. 25, 30, 31, and 36, identified by traces of four pita,

one in each section, NE., SE., SW., and NW., with a part of an old stake bearing incomplete

scribe marks lying In the SE. pit.

At the corner point

Set an iron post, 30 ins. long, 2 ins. diam., 24 Ins. In the ground, with brass cap mkd.

T 15 N

R 19 E R 20 E

S 25 S 30

S36 S3I

945

Bury a sandstone 6x6x6 Ins., mkd. X alongside the iron post.

Land, level.

Soil, sandy clay.

No timber.

Note.â��The field notes continue in the regular order and on the same form; the record of 3

miles omitted.

N. 0Â°05' W., bet. sees. 19 and 20.

Descend over stony N. slope.

Base of slope, bears N. 80Â° E. and S. 80Â° W

700004'

-36

Ched", 
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Set a brass tablet, 3~' Ins. dlam., 3~·lnch stem, In a cylindrical concrete form. 30 Ins. long, 6 
Ins. diam., U Ins. in the ground, with top mkd. 

S 29 
l.--_ 
4 S 32 

1945 

79.96 The cor. of sees. 29, 30, 31, and 32. 

lend, leVel. 
BoU, sandy. 
No timber. 

N. 89"157' W., bet. sees. 30 and 31. 

40.00 Point for the J.i sec. cor. of sees. 30 and 31. 

Set an Iron post, 30 ins. long, 2 ins. dlam .• 24 Ins. In the ground, with brass cap mkd 

S 30 
.1---
4 S 31 

1945 
dig pits, 18 J: 18 J: 12 Ins., E. and W. of pot!t, 3 ft. dist. 

78.36 Intersect W. bdy. of Tv. at the cor. of sees. 26, 30. 31, and 36, Identlfted by traces of four pita, 
one In each section, NE., SE., BW., and NW., with a part of an old stake bearing incomplete 
scribe marks lying in the SE. pit. 

At the comer point 

Set an Iron post, 30 Ins. long, 2 Ins. dlam., 24 Ins. In the ground, with brass cap mk4. 

T 15 N 
R 19 E R 20 E 
525 530 

536 531 
1945 

Bury a sandstone 6 J: 6 J: 6ln11., mkd. X alongside the Iron poIt. 

lend, level. 
Soil, sandy clay. 
No timber. 

NOTE.-The tleld notes continue in the regular order and on the same form; the reoord 011 
mUes omitted. 

N.O"OI5' W., bet. aecs. 19 and~. 

Descend over .tony N. slope. 

2.00 Base oflliope, bearI N. SOo E. and S. 80° W 
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Chaint

40.00

44.50

20.50

28.70

36.50

40.00

Point for the M sec. cor. of sees. 19 and 20.

Set an iron post, 30 Ins. long, 2 Ins. dlam., 24 Ins. In the ground, with brass cap mkd..

_

4

SI9

S 20

1945

raise a mound of stone, 4 ft. base, 2 ft. high, W. ol cor.

South bank of Lins Lake, bears N. 74" W. and East.

Point for the meander cor. of sees. 19 and 20.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

MC

1945

from which

A box elder, 8 ins. diam., bears S. 77MÂ° E., 221 Iks. dist., mkd. T15N H20E 820 MC BT.

A green ash, 10 ins. diam., bears West, 327 Iks. dist., mkd. T15N R20E S19 MC BT.

Land, gently rolling.

Boil, rich loam.

Timber, scattering green ash and box elder alon? lake shore.

From the cor. of sees. 16,17, 20, and 21.

N. 89Â°54' W., bet. sees. 17 and 20.

Descend gradually over gently rolling land.

An ungraded road, bears N. and S.

Ditch, course S. 30Â° W.; enter cultivated field.

Leave field; enter heavy timber, edge bears N. 30Â° E. and S. 30Â° W.

Point for the }Â£ sec. cor. of sees. 17 and 20.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

S 17

" S20

1945

i 43.20

from which

A boi elder, 12 ins. diam., bears N. 22)iÂ° W., 119 Iks. dist., mkd. H S17 BT.

A green ash, 13 ins. diam., bears S. 70HÂ° W., 28 Iks. dist., mkd. \i S20 BT.

East bank of Lins Lake, bears N. 19Â° E. and S. 3994Â° W.

Point for the meander cor. of sees. 17 and 20, monumented \sj.

A green ash, 8 ins. dlam., mkd.

S17 on N.,

T15N R20E on E.,

S20 on H., and

MO on w. aide;
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Clam, 
40.00 Point for the }( sec. cor. of sees. 19 and ~. 

Bet an Iron poet, 30 Ins. lonlt, 2 Ins. dlam., 24 Ins. in thelP'OUDd, with brua cap rotd .. 

I 
4" 

S 19 5 20 

1945 
ralse a mound of stone, 4 ft. base, 2 Ct. high, W. of cor. 

Kao Bouth bank of Lins Lake, bears N. 74° W. and East. 

Point for the meander cor. of sees. 19 and ~. 

Set an Iron post, 30 ins. 10Di, 2 ins. diam., 24 Ins. in the ground, with brass cap mkd. 

from which 

~ 
T I~I~ I ~ ~~ E 

1945 

A. box elder, Sins. dlam., bears S. 77~0 E., 2211ks. dlst., mkd. TlIiN R20E S20 MC BT. 

A green ash, 10 Ins. diam., bears West, 3271ks. dist., mkd. T15N R~E S19 MC BT. 

Land, gently rolling. 
Soli, rlcb loam. 
Timber, scatterinl green ash and bOI elder alon~ lake shore. 

From the cor. of sees. 16, 17, ~, and 21. 

N. 890 M' W., bet. sees. 17 and~. 

Descend gradually over gently rolling land. 

~.1iO An ungraded road, bears N. and S. 

28. 'lO Ditch, course S. 30° W.; enter cultivated fil'ld. 

M.1iO Leave fleld; enter heavy timber, edge bears N. 30° E. and S. 30° W. 

40. 00 Point for the ~ sec. cor. of se<'S. 17 and ~. 

Set an Iron post, 30 Ins. long, 2 Ins. dlam., 24 Ins. in the ground, with brass cap mkd. 

517 
1---
4 5 20 

1945 
from which 

A box elder, 12 Ins. dlam., bears N. 22~o W., 119Iks. dlst., mkd. ~ S17 BT. 

A green uh, 131ns. dlam., bears S. 70~0 W., 28lks. dlst., mkd. ~ S~ BT. 

I a. ~ East bank of Lins Lake, bears N. lila E. and S. 311lJ4° W. 

Point for the meander cor. of sees. 17 and~, monumented b,. 

A. green ash, 8 Ins. diam., mkd. 

S17 on N., 
T16N R~E on E., 
S~on S.:.r..and 
MO on w. 11de; 
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from which

A green ash, 10 ins. diam., bears N. 40^Â° E., 20 Iks. dist., mkd. T15N R20E S17 MO BT.

A bra elder, 6 Ins. diam., bears S. 62*iÂ° E., 114 Iks. dist., mkd. T16N R20E S20 MC BT.

Land, gently rolling.

Soil, loam.

Timber, mostly green ash and box elder, with some Cottonwood.

Note.â��The line bet. sees. 8 and 17 is established next by running from the cor. of sees. 8,

9,16, and 17, N. 89Â°54' W., parallel to the S. bdy. of sec. 17,80.00 chs., with Si sec. cor. at 40.00

chs.

The line bet. sees. 17 and IS is then established by running from the cor. of sees. 7, 8,17, and

18, S.0Â°05' E., parallel to the E. bdy. of sec. 17,20.19 chs., to the north bank of Lins Lake.

The line bet. sees. 7 and 18 is established by random and true line method with closinp sec.

cors. on the E. and W. bdrs. of the Lake City Townsite, but without a M sec. oor- monument,

as the point falls within the townsite. The field notes call for a point for the H sec. cor. a

40.00 chs. from the east.

Tlte remaining 4 miles of the regular subdivisional lines are established in the normal manner,

and at the ^ sec. cor. on tbe line bet. sees. 5 and 8 the bearings and distance to the U. S. Lo-

cation Monument, located at tho SWJ^SE^, sec. 6, is determined and recorded.

IVY ISLAND

In order to establish the line bet. sees. 18 and 19, which crosses Ivy Island in Lins Lake,

I sight from the meander cor. of sees. 17 and 20, N. 89Â°54' W., on an extension of the section line,

to a temp, point on the SE. bank of the island.

At the point on the island I observe the bearing to the meander cor. of sees. 19 and 20,on the

south bank of the lake, and by calculation determine that this position is 80.04 chs.N. of the

S. bdy. of sec. 19. I then move the temp, point 4 Iks. south.

From the adjusted point the meander cor. of sees. 19 and 20 bears S. 5Â°20'30" E., and the me-

ander cor. of sees. 17 and 20 bears S. 89Â° 57'30" E.

As a base for the triangulation I employ the meanders of the lake in sec. 20, hereinafter

described, which reduce to an equivalent direct line between the meander corners with a

bearing of N. 46Â°01' E., and a length of 51.08 chs.

The calculated angles of the triangle are shown in the following diagram:

The resulting connections across the lake are N. 89Â°67'30" W., 40.07 chj., and N. 5Â°20'30"

W., 35.66 chs.

The latter course and distance reduce to a northing of 35.50 chs., and a westing of 3.32 chs.;

the allowance for the bearing of the E. bdy. of sec. 19, continued to the theoretical point for

the cor. of sees. 17, 18, 19, and 20, in the lake, is 5 Iks., making tbe net westing 3.27 chs.

N. 89Â°58' W., bet. sees. 18 and 19.

Over water.
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from which 

A. green ash,10 ins. dJam., bears N. 4O~o E., 20 lks. dlst., mkd. T16N R20E S17 MO BT. 

A. box elder, 6w. dJam., bears S. 62~o E.,IH lb. dist., mkd. TI6N R20E 820 MC BT. 

Land, gently roDlng. 
Soil,loam. 
Timber, mostly green ash and box elder, with 80me cottonwood. 

NOTlt.-The line bet. secs. 8 and 17 Is established next by running from the cor. of sees. 8, 
0l 16, and 17, N. &g°M' W., parallel to the S. bdy. of sec. 17,80.00 cbs., with K sec. cor. at 40.00 
ens. 

The line bet. sees. 17 and 18 Is then established by running from the cor. of sees. 7, 8, 17, and 
18, B.O"05' E., parallel to the E. bdy. of sec. 17,20.19 cha., to the north bank of Llns Lake. 

The llne bet. BeC$. 7 and 18 Is established by random and true line method with closing sec. 
cora. on the E. and W. bdra. of the Lake City Townsite, but without a U' BNl. ror. monument, 
as the point falls within the townsite. The field notes call for a point for the J.( sec. cor. 8 
40.00 chs. from the east. 

Too remaining" miles of the regular subdivisionallines are established In the normal manner, 
and at the ~ sec. cor. on the line bet. secs. :; and 8 the bearings and distance to the U. B. L0-
cation Monument, located at the BW~SE~, sec. 6. Is determined and recorded. 

IVY ISLAND 

In order to eatabllsh the line bet. secs. 18 and 19, which crosses Ivy IBland In Llns Lllke, 
Islgbt from the meander cor. ofsecs. 17 and 20, N. 89°64' W., on an extension of the section line, 
to a temp. point on the BE. bank of the Island. 

A t the point on the Island I observe the bearing to the meander cor. of secs. 19 and 2O,on the 
south bank of the lake, and by calculation determine that this position Is 80.04 cbs.N. of the 
S. bdy. of sec. 19. I then move the temp. point" Iks. south. 

From the adjusted point the mrandl'r cor. ofsl'cs. 19 and 20 bears S. 6°20'30" E., and the me
ander cor. of sees. 17 and 20 bears S. 89° 57'30" E. 

As a base for the triangulation I employ the meanders of the lake In sec. 20, hereinafter 
descrIbed I which reduce to an equivalent direct line between the meander COrDers with a 
bearing 0 N. 46"01' E., and a length of 61.08 chs. 

The calculated angles of the triangle are shown in the following diagram: 

N. 89° 57' 30" w. 
40.07 I 

o 0\ 
/irA 

The resulting connections across the lake are N. 89°67'30" W., 40.07 aba., and N. 6°20'30" 
W.:t 36.66 cbs. 

The latter oourse and distance reduce to a northing of 36.60 cbs., and a westing ot 3.32 cbs.; 
the allowance for the bearinJ[ of the E. bdy. of sec. 19, continued to the theoretical point for 
the cor. of aeC8. 17, 18, 19, and 20, In the lake, Is 6lks., making the Det westing 3.27 cbs. 

N.89"68' W., bet. sees. 18 and 19. 

Over water. 
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Ckaint

3.27

7.38

The adjusted point for the meander cor. of sees. 18 and 19 on the SE. bank of Ivy Island; the

bank bears N. 47)iÂ° E., and S. 47KÂ° W.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

TI5N

S I 8

MC

S 19, '

R20E

from which

A burr oak, S ins. diam., bears N. 16JiÂ° W., 29 Iks. dist., mkd. T15N R20E 818 MC BT.

A green ash, 8 ins. diam., bears S. 78JiÂ° W., 127 Iks. dist., mkd. T15N K20E 819 MC BT.

Thence over level land, across Ivy Island.

The 8W. bank of the island, bears N. 5MÂ° W. and S. 52Â° E.

Point for the meander cor. of sees. 18 and 19.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

T I5N

S 18

MC '

SI9

R 20 E

1945

raise a mound of stone, 6 ft. base, 3 ft. high, E. of cor.

Land nearly level; being higher to the north side of the island.

Soil, rich loam, and stony.

Timber, scattering burr oak and green ash.

MEANDERS Or IVY ISLAND

Thence with the meanders of Ivy Island in sec. 18.

Along the top of a well-defined escarpment situated at the upper side of a gravelly beach.

N. 6=30/ W., 2.90 chs.

N. SCW W., 1.60 chs.

S. 45Â°15' W., 1.40 chs.

S. 56Â°00' W., 2.30 chs.

N. TZÂ°W W., 4.60 chs.

N. 3SÂ°W W., 6.40 chs. On this course the bank increases in height from 3 to 15 ft., and the

beach becomes narrow and rocky.

N. 12Â°00/ E., 4.20 chs.

N. 59Â°15' E., 6.30 chs.

East, 2.60 chs.

S. 36Â°0<y E., 3.80 chs.

8. 86" 16' E., 6.40 chs.

8. 29'W E., 7.00 chs.

On this course the bank becomes a nearly vertical cliff, 36 ft. above

mean high water.

On this course leave cliff; bank gradually becomes lower, down to a

height of about 4 ft.
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QoInI 
8. '11 The adjll8ted point for the meander cor. of sees. 18 and 19 on the BE. bank of Ivy bland; the 

bank bears N. 47~0 E., and S. 47~0 W. 

Set an Iron post, 30 Ina. long. 2 iDS. dlam., 24 Ins. In the ground, with brass cap mtd. 

from whlch 

5 

T ISN 
SI8 

R 20 E 
1945 

Me 

A burr oak, 9 IDa. diam., bears N. 1~0 W., ~ lks. dlst., mkd. T15N R20E B18 MC BT. 

A creeD ub, 8 ina. diam., bears B. 78~0 W., 127lb. dist., mteL T15N H20E 819 MC BT. 

Thence over levelland, &Cr0llll Ivy Island. 

7.38 The SW. bank of the Ialand, bears N. 5W W. and S. 5~ E. 

Point for the meander cor. of seal. 18 and 19. 

Set an iron post, 30 IDa. long, 2 Ins. dlam .• 24 1m. In the ground, with bl'BSS cap mkd. 

T ISN 
SI8 

Me \ot----

1945 

raise a mound of stone, 6 ft. base, 3 ft. high, E. of cor. 

Land nearly level; being higher to the north s.lde of the lIIland. 
Boll, rich loam, and stony. 
Timber, scattering burr oak and green ash. 

MEANDERS OJ' IVY IBL.4JO) 

Thence with the meanders of Ivy Island In sec. 18. 

Along the top of a well-de1lned escarpment situated at the upper side of a gravelly beach. 

N. 6"30' W., 2.90 cbs. 

N. 36"00' W.,I.60 cbs. 

B. 45°,16' W., 1.40 chi. 

B. 56°00' W., 2.30 cbs. 

N. 73°aa' W., 4.60 chi. 

N. 380()()' W., 6.40 cbs. On this course the bank Increases In height from 3 to 16 ft., and the 
beach becomes narrow and roclry. 

N. 12°00' E., 4.20 cbs. 

N. 69°16' E., 6.30 cbs. 

East, 2.eo chao 

S. 360()()' E., 3.80 cbs. 

B. 66° 16' E., 6.40 cbs. 

S. 29°00' E., 7.00 cbs. 

Dig ize b 

On this coune the bank becomes a nearly vertical cllff, 36 ft. above 
mean high water. 

On this coune leave clltl; bank gradually becomes lower, down to a 
height of about 4 ft. 
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21.44

8. 47Â°15' W., 3.40 chi. The meander cor. of sees. 18 and 19.

Land, rolling.

Soil, loam; and stony.

Timber, scattering burr oak and green asb; undergrowth, Ivy.

Thence In seo. 19.

Along the top of a low bank, from 1 to 4 ft. in height, on the upper side of a gravelly beach.

S. 47Â°16' W., 2.60 chs.

N. WIO* W., 2.84 chs. The meander cor. of sees. 18 and 19, and place of beginning.

Land, level.

Soil, loam; and gravelly.

Timber, scattering burr oak and green ash; no undergrowth.

The detail of the improvements on the island is carried to the general description at the

close of the field notes, and to the plat of the survey.

DIAMOND BOCK

In order to survey a small island called Diamond Rock, in Lins Lake, in sec. 18, I begin

at the meander cor. of sees. 19 and 24 on the W. bdy. of the Tp. and on the south bank of the

lake, which is monumented with limestone, 14 x 8 x 8 ins. above ground, firmly set, marked

and witnessed as described in the official record.

N. 71Â°30/ E., on a connecting line.

Over water.

Distance by stadia: 10.752 and 10.761 ft., level.

The SW. bank of Diamond Eock at ordinary high water elevation.

Point for auxiliary meander cor. In sec. 18.

Set a brass tablet, 3H ins. diam., 3H-in. stem, in solid rock, with top mkd.

AMC

T 15 N R20 Â£

S 18

1945

raise a mound of stone, 2ft. base, 1M ft. high, NE. of cor.

From this point the meander cor. of sees. 13 and 18 on the W. bdy. of the Tp. and on the north

bank of the lake, bears N. 25Â°02' W.; the connecting distance, by triangulation, with the

crossing distance on the W. bdy. of the Tp. as the base, is 48.06 chs.; the cor. is monument-

ed with a juniper post, 4 ins. sq., 1 ft. above ground, firmly set, marked and witnessed as

described in the official record.

Thence with the meanders of the island.

Along the top of a low, but well-defined bank, on the upper side of a gravelly beach.

N. 16c30' W., 2.70 chs.

N. 61Â°15' E., 2.90 chs.

S. 48Â°30' E., 3.60 chs.

S. 33W W., 2.20 chs.

N. 86Â°46' W., 3.19 chs. The auiiliary meander cor.

Land, level.

Soil, gravelly loam.

No timber.

MEANDEBS Of LINS LAKE

From the meander cor. of sees. 19 and 24, on the W bdy. of the Tp., and on the south bank of

the lake.

With the meanders of Lins Lake in seo. 19.

CAa"" 
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S. '7"'1a' W., UO chi. The meander cor. of sees. 18 and 1G. 

Land, rolling. 
Soil, loam; and stony. 
Timber, acaUer1Dl burr oak and green ash; underllfOwth, Ivy. 

Thence In leO. 19. 

557 

Along the top of a low bank, from 1 to , ft. In height, on the upper lide of a IlBvelly beach. 

B. '7°U' W., UO chi. 

N. 63~0' W •• I.M cha. The meander cor. of sees. 18 and 19, and place of begfnnJna. 

Lan\!:mvel. 
SOU, ; and IlBveUy. 
Tlmber,lCatterlng burr oak and green ash; no undergrowth. 

The detail of the improvements on the island is carried to the general description at the 
close of the field notes, and to the plat of the survey. 

DU.KOND BOCX 

In order to mrvey a small island called Diamond Rock, In Lin! Lake, In !M. 18, I begin 
at the meander oor. of sees. 19 and 24 on the W. bdl' of the Tp. and on the south bank: of the 
lake, which is monumented with limestone, l' x x 81n!. above ground, ftrmly set, marked 
and witnessed M described In the omcial record. 

N. 71"80' E., OIl a oonnectlna line. 

Over water. 

Distance by stadia: 10.7112 and 10.761 ft., level. 

21." The BW. bank: of Diamond Rock at ordinary high water elevation. 

Point for auxiliary meander cor. In sec. 18. 

Bet a brass table" SU Ins. dlam., S~·in. stem, In solid rock, with top mk4. 

AMC 
T 15 N R 20 E 

518 

1945 
raiae a mound of stone, 2 ft. base, 1 ~ ft. high, NE. of cor. 

From this polntthe meander cor. ofsecs. 13 and 18 on the W. bdy. olthe Tp. and on the north 
bank of the lake, bears N. 25°02' W.; the connecting distance, by triangulation, with the 
crossing distance on the W. bdy. of the Tp. as the base, is 48.06 chs.; the cor. is monument· 
ed with a juniper po~tl 4 Ins. sq., 1 ft. above ground, 1lrmly set, marked and witnessed M 
described In the oftiClaJ record. 

Thence with the meanders of the island. 

Along the top of a low, but well-defined bank, on the upper side of a gravelly beach. 

N. 16°30' W., 2.70 cbs. 

N. 61°111' E., 2.90 cha. 

S. 48"30' E., 3.lI0 cha. 

B. 33°00' W., 2.20 cha. 

N. 86°46' W., S.19 cbs. The auxiliary meander cor. 

Land, level. 
Soil, gravelly loam. 
Notlmber. 

KEANDElI8 01' LINlI UJ[E 

From the meander oor. of sees. 19 and 24, on the W bdy. of the Tp., and on the south bank of 
the lake. 

With the meanders of Llns Lake In sec. 1G. 
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Along the edge of a well-defined bank from 2 to 4 ft. in height on the upper side of a gravelly

beach.

8. 66W E., 7.20 chs.

8. 46Â°30' E., 3.40 chs.

8. 44Â°00'E., 2.40 chs.

S. 43Â°15' E., 5.70 chs.

S. 45Â°16' E., 4.40 chs.

S. 44Â°45' E., 5.80 chs.

8. 45Â°30' E., 2.00 chs.

8. 49Â°30/ E., 4.00 chs.

8. 54Â°iy E., 5.00 chs.

8. 67Â°45' E., 2.00 chs.

8. 78Â°00' E., 6.67 chs. At end of course.

Point for the special meander cor. on the meridional center line of sec.

19, 40.00 chs. in westing from the east bdy. of the section.

Set an iron post. HO ins. long, 2 ins. diam., 24 ins. in the ground, with

brass cap mkd.

SMC

C

1945

raise a mound of stone, 6 ft. base, 2 ft. high, 8. of cor.

N.85Â°30'E., 1.93 chs.

N. 77Â°45' Eâ�� 11.00 chs.

8. 77Â°45' E., 7.20 chs.

8. 74Â°O0' E., 21.11 chs. The meander cor. of sees. 19 and 20.

Land, level.

Soil, gravelly loam.

Timber, scatteiing green ash and burr oak.

Thence in sec. 20.

Along the top of a well-defined bank, from 2 to 4 ft. in height, on the upper side of a gravelly

beach: through scattering ash and oak.

8. 89Â°45' E.. 6.10 chs.

N. S7Â°00f E.. 12.00 chs.

N. 37<'30' E.. 10.50 chs.

N. 46<W E.. 5.00 chs.

N. 23Â°15' E.. 9.90 chs. On this course enter a belt of heavy timer, parallel to the bank.

N. 89Â°4S' E., 10.48 chs. The meander cor. of sees. 17 and 20.

Land, level.

Boil, gravelly loam.

Timber, green ash and burr oak.

Note.â��The meanders continue around the north bank of the lake through sees. 17 and 18,

on the same form; the record omitted.
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Along the edge of a well·defined bank from 2 to. ft. in height on the upper side of a gravelly 
beach. 

S. 66000' E., 7.:a:l cbs. 

S. 46"30' E., 3.40 chao 

B. 44°00' E., 2.40 chs. 

B. 43°15' E., 5.70 chs. 

S. 41l015' E., 4.40 cbs. 

B. -4.4°45' E., 5.80 cha. 

S. 45°30' E., 2.00 chs. 

S. 49"30' E., 4.00 chs. 

S. 54°15' E., 5.00 chs. 

S. 67°~' E., 2.00 chs. 

S. 78°00' E., f..fi7 chs. At end of course, 

Point for the special meander cor. on the meridional center line of 8eC. 
19, 40.00 chs. In westing from the east bdy. of the section. 

Set an Iron po~t. :l0 Ins. 10Ilg, 2 Ins. dlam., " In!!. In the ground, with 
brass cap mtct 

SMC 
C 

SfI9 
1945 

ral~1! a mound of stone, 6 ft. base, 2 ft. high, S. of cor. 

N. 85°30' E .• 10m cbs. 

N. 77°45' E .• 11.00 chs. 

S. ;7°45' E .• 7.20 chs. 

S. i4000' E .• 21.11 cbs. The meander cor. 01 sees. 111 and:a:l. 

Land. level. 
Soil. gravelly loam. 
Timber, sratteling green ash and burr oak. 

Thence in sec. 20. 

Along the top 01 a weD·de11ned bank, from 2 to 4 ft. in height, on the upper side of a gravelly 
beach; tbrouib scatter1D1 ash and oak. 

S. 89°~' E .. 6.10 cbs. 

N. 57"00' E .. 12.00 chi. 

N. 37"30' E •• 10.50 chi. 

N. 46°00' E .• 6.00 chs. 

N. 23°l5' :£ .• 11.90 chs. On this course enter a belt of heavy timer, parallel to the bank. 

N. 89°~' E., 10.48 chs. The meander cor. of sees. 17 and 20. 

Land, level. 
Boil, gravelly loam. 
Timber. greeD ash and burr oak. 

NOTJ:.-The meanders continue around the north bank of the lake through sees. 17 and 18, 
on the same form; the record omitted. 
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Chains

3. JO

24.00

CLEAR I.AK K

From the H sec. cor. bet. sees. 28 and 33.

S. 0Â°03' E., on the theoretical bearing of the N. and 8. center line of sec. 83.

Over level land.

Spring branch, 8 Iks. wide, course S. 80Â° E.

North bank of Clear Lake, bears S. 63Â° E. and S. 62Â° W.

Point for the special meander cor. on the meridional center line of sec. S3.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

33

C

SMC

1945

raise a mound of stone, 2 ft. base, 1M ft. high, N. of cor.

Thence with the meanders of the lake.

Along the top of a well-defined bank, from 6 to 10 ft. in height.

S. 53Â°00' E., 13.00 chs. At 7.00 chs. leave scattering timber.

S. 0Â°30' V., 7.20 chs. At end of course, the outlet of the lake, 20 Iks. wide, course SE.

S. 70"W W., 15.10 chs. Along a belt of heavy timber, parallel to the bank.

N. 63Â°45' W., 10.00 chs. At 7.00 chs. leave timber.

N. 13Â°00' W., 21.00 chs. At end of course, the outlet of a spring branch, 8 Iks. wide.

N. 52Â°00' E., 17.34 chs. Along scattering timber for 8 chs. At end of course, the special me-

ander cor.

Land, level and gently rolling.

Soil, loam.

Timber, green ash and burr oak.

MEANDERS 07 THE YELLOWSTONE RIVER

From the meander cor. of sees. 25 and 30, on the E. bdy. of the Tp. and on the right bank

of the Yellowstone River, which is monumented with a sandstone, 16 x 9 x 7 ins. above ground,

firmly set, marked and witnessed as described in the official record.

Thence upstream with the meanders of the right bank of the river, in sec 25.

Over bottom land, along a well-defined cut-bank, from 2 to 12 ft. high, through heavy timber.

8. WOV W., 13.00 chs.

S. 72Â°00' W., 7.10 chi.

8. WW W., 13.00 chs.

8.40Â°30/ W., 5.40 chs. At end of course, mouth of Cherry Creek, 14 Iks. wldÂ«.

8. 77Â°45' W., 7.00 chl.

N. 76<W W., 7.40 oha.

8. 80Â°00' W., 12.00 chs.

8.81Â°08' W., 19.43 chs. The meander cor. of sees. 26 and 26.

land, level bottom; subject to overflow.

Soil, alluvial, silt and loam.

Timber, green ash and Cottonwood.

SUBDIVISION OF T. 16 N., R. 20 E. 

CLItA.R LAKIt 

From the W sec. cor. bet. sees. 28 and 33. 

B. 0"03' E., on the theoretical bearing of the N. and S. center llDe of IIIC. 83. 

Over levelland. 

3.60 Spring branch, 8lks. wide, course 8. 80" E. 

24.00 North bank of Clear Lake, bears S. 63° E. and B. II~ W. 

Point for the llpeclal meander cor. on the meridional center line of laC. sa. 
Bet an Iron post, 80 Ins. long, 2 Ins. ellam., 24 ins. In the ground, with brua cap mltd. 

C 

;t: 
SMC 
1945 

raise 8 mound of stone, 2 ft. base, 1 J.i ft. high, ~. of cor. 

Thence with the meanders of the lalI:e. 

Along the top of 8 well-deftned bank, from 8 to 10 ft. In he1ghL 

S. 53°00' E., 13.00 cbs. At 7.00 chs. leave scattering timber. 

B. 0°30' W., 7.20 chs. At end of course, the outlet of the lake, 20 Ilts. wide, COUlle BE. 

B. 70°00' W., 111.10 cbs. Along 8 belt of heavy timber, parallel to the bank. 

N. 630~1 W., 10.00 cbs. At 7.00 chs. leave timber. 

N. 13°00' W., 21.00 chs. At end of course, the outlet of a spring branch, Slb. wide. 

559 

N. II~OO' E., 17.N cbs. Along scattering timber for 8 chs. At end of coone, the speclal me
ander cor. 

Land, level and gently rolling. 
BoD, loam. 
Timber, green ash and burr oak. 

XlUXDltU or THIt Y&LLOWITONK JUVD 

From the meander cor. of sees. 25 and 30, on the E. bdy. of the TIl. and on the right bank 
of the YelloWlltone River, which Is monumented with a ~ndstone, 16:1 9:1 7lns. above ground, 
firmly set, marked and witnessed as described In the official record. 

Thence upstream with the meanders of the right bank of the river, In IIIC. 211. 
Over bottom land, along a well-defined cut·bank, from 2 to 12 ft. high, through heavy timber. 

S. 86°00' W., 13.00 chI. 

B. n>OO' W., 7.10 chi. 

8. MOW W., 18.00 chao 

S.4O"3O' W., lI.to chao At end of oourse, mouth of ChelT7 Oreek, 14 lb. wid •• 

S. 77".v W., 7.00 chi. 

N. 76"00' W., 7.toohl. 

S. 80°00' W., 12.00 ohI. 

S.81"08' W .. 10.43 obi. The meander oor. of IND •• and 25. 

Land, level bottom; IUbJect to overt1ow. 
Son,alluvtU,antandl~. 
Timber, green ash and oottonwood. 
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40.00

80.04

40.00

Thence in sec. 26.

Note.â��The meanders of the right bank are continued upstream in sees. 26 and 35, to the

S. bdy. of the Tp.; the field notes then show the meanders of the left bank running downstream

in sees. 35, 26, and 25, all on the same form; the record is omitted.

LAKE CITY TOWN SIT!

By an examination on the ground and in consultation with the surveyor who was employed

by the applicants for the subdivision of the Lake City town site, I ascertain that a preliminary

survey was initiated at the H sec. cor. of sees. 7 and 12 on the W. bdy. of the Tp., with the

intention of conforming the N. bdy. of the town site to the E. and W. center line of sec. 7, when

officially established. A calculated position for the W. HÂ« sec. cor. on that line was adopted

as the temp. NW. cor. of the town site, and the temp. NE. cor. was placed at a point where a

line running south would include all contemplated improvements; the temporary E.and W.

bdrs. were run south to Litis Lake. I find that this general plan can be adhered to.

Transit lines, without the use of the solar attachment, are employed in the survey of the

boundaries and subdivision of sees. 7 and 18, and in the survey of the E. bdy. of the town site,

the azimuths being referred to a meridian established by Polaris observation, as follows:

(Note.â��Record of observation upon Polaris at eastern elongation, at the cor. of sees. 7, 8,

17, and 18, omitted.)

I proceed with the subdivision of sees. 7 and 18, and with the establishment of the town site

boundaries, with the following true-line results.

From the X sec. cor. of sees. 7 and 18,

N. 0Â°05' W., on the N. and S. center line of sec. 7.

Intersect the E. and W. center line.

The K sec. cor. of sees. 6 and 7.

From the }i sec. cor. of sees. 7 and 8.

N. 80Â°56' W., on the E. and W. center line of sec. 7.

Point for the NE. cor. of the town site.

Set an Iron post, 30 Ids. lone, 2 Ins. diain.. In a concrete form 8 ins. upper dlam., 14 Ins. lower

diam., 30 ins. long, 24 ins. in the ground, with brass cap mkd.

S 7

LC

S7

TS

19

45

From this point the temp. NE. cor. monument bears North, 7 Iks. dist.; a limestone, 21 x 14

19 ins., mkd. NE COR LC; I remove the stone and bury it as a memorial alongside the Iron

post.

Continue on the E. and W. center line, along the N. bdy. of the town site.

Point for the center H sec. cor. of sec. 7, at intersection with the N. and S. center line.

Set an iron post, 30 ins. long, 2 in. diam., in a concrete form, 8 ins. upper diam., 14 ins. lower

diam., 30 ins. long, 24 Ins. in the ground, with brass cap mkd.

C^ S7

LCTS

1945
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Thence In sec. 26. 

NOTE.-The meanders of the right bank are continued upstream In sees. 26 and 3~, to the 
8. bdy. of the Tp.; the field notes then show the meanders of the left bank runnin( downstream 
In sees. 36, 26, and 25, all on the same form; the record Is omitted. 

UIE QTY TOWN 8JTK 

By an examination on the ground and In consultation with the surveyor who was employed 
by the applicants for the subdivision of the Lake City town site, I ascertain that a prelimJnary 
survey was initiated at the 34 sec. cor. of secs. 7 and 12 on the W. bdy. of the Tp., with the 
intention of confonnlng the N. bdy. of the town site to the E. and W. center line of sec. 7, when 
officially established. A calculated position for the W. ~o sec. cor. on that line was adopted 
as the temp. NW. cor. ofthe town site, and the temp. NE. cor. was placed at a point where a 
line running sooth would Include all contemplated Improvements; the temporary E. and W. 
bdrs. were run sooth to Lins Lakl'. I find that this general plan can be adhered to. 

TraIllIlt lines, without the use of the solar attachment, are employed in the survey of the 
boundaries and subdivision of secs. 7 and IS, and in the survey of the E. bdy. ofthe townsite, 
the azimuths being referred to a meridian established by Polaris observation, as follows: 

(NoTE.-Record of observation upon PoJar18 at eastern elongation, at the cor. of sees. 7, S, 
17 and IS, omitted.) 

i proceed with the subdivision of sees. 7 and IS, and with tbe establishment of the town site 
boundaries, with the following true-line results. 

From the 34 sec. cor. of sees. 7 and 18, 

N.OoOS' W., on the N. and S. center line of sec. 7. 

40.00 Intersect the E. and W. center line. 

8O.1K The 34 sec. cor. of sees. 6 and 7. 

From the J.( sec. cor. of sees. 7 and S. 

N. 89°56' W., on the E. and W. center line of sec. 7. 

25. 80 Point for the NE. cor. of the town site. 

Set Rn [ron post
i 

30 Ins. lonl:. 2 Ins. c'!iam .• [n a conM"l'te (orm !I Ins. upper d[am., 14 Ina. lower 
dlam., 30 Ins. ong, 24 Ins. In the ground, with brass cap mkd. 

5 7 

C LC 157 C 
TS 

1945 
From this point the temp. NE. cor. monument bears North, 71ks. dist.; a limestone, 21 x 14 

x 9 Ins., mkd. NE COR LC; I remove the stone and bury It as a memorial alongside the iron 
post. 

Continue on the E. and W. center line, along the N. bdy. of the town site. 

fO.OO Point for the center J.( sec. cor. of sec. 7, at intersection with the N. and 8. center line. 

Set an iron post, 30 Ina. long, 2 In. diam., In a concrete form, Sins. opper dlam., 14 1nI. lower 
diam., 30 ina. long, ~ Ins. In the ground, with brass cap mid. 

Dig ize b 

c! 57 

LC TS 
1945 

Original from 
UNIVERSITY OF INNESOTA 



SUBDIVISION OF T. 15 N., R. 2 0 E.

561

Chains

60.00

Point for the C W Ho sec. cor. of sec. 7 and NW. cor. of the town site.

Set an iron post, 30 ins. long, 2 ins. diam., in a concrete form, 8 ins. upper diam., 14 ins. lower

diara., 30 ins. long, 24 ins. in the ground, with brass cap mkd.

S 7

S 7

LC

TS

945

77.885

(0.00

7.53

40.00

20.50

From this point the temp. NW. cor. monument bears N.81Â°45'E., 14 Iks. dist.; an oak post

4 ins. sq., 4 ft. long, mkd. NW COR LC; I remove the post.

Continue on the E. and W. center line of sec. 7.

The \i sec. cor. of sees. 7 and 12. on ihe W, bdy. of the Tp., which is monumented with a lime-

stone, 12 x 8 x 10 ins. above ground, firmly set, marked and witnessed as described in the

otlicial record.

From the NE. cor. of the town site.

S. 0Â°05' E., on the E. bdy. of the town site.

The closing cor. of sees. 7 and 18.

Thence in sec. 18.

The north bank of Lins Lake.

Point for auxiliary meander cor. in sec. 18, and SE. cor. of the town site.

Set an iron post, 30 ins. long, 2 ins. diam., in a concrete form, 8 ins. upper diam., 14 ins. lower

diam., 30 ms. long, 24 ins. in the ground, with brass cap mkd.

From this point the temp. SE. cor. monument bears West, 6 Iks. dist.; a limestone, 18 x 9 x 6

ins., mkd. SE COR LC; I remove the stone.

From the CW. MÂ« sec. cor. of sec. 7, and NW. cor. of townsite, 8. 0Â°05' E., on the N. and S.

center line of the S\V^ of sec. 7, and W. bdy. of the townsite.

The closing cor. of sees. 7 and 18 at the point for the W. HÂ« sec. cor.

Thence in sec. 18, on the N. and S. center line of the NW)i and W. bdy. of the townsite.

The north bank of Lins Lake.

Point for the special meander cor. on the meridional center line of the NW>i of sec. 18, and

SW. cor. of the townsite.

SUBDIVISION OF T. 15 N., R. 20 E. 561 

Cla"" 
110.00 Point for the CW He sec. cor. of sec. 7 and NW. cor. of the town site. 

Set an Iron oost} 30 Ins. longr 2lns. dlam., in Ii concrete form, Sins. upper dlam., 14 ins. lower 
diam., 30 Ina. long, 24 Ins. m the ground, with brass cap mkd. 

cw~ 
5 7 

S 71 LC 
TS 

1945 
From this point the temp. NW. cor. monument bears N. 81°4.')' E.,14Iks. dist.; an oak post 

4 ins. sq., 4 {t.long, mkd. NW COR LC; I remove the post. 

Continue on the E. and W. center line of sec. 7. 

77.885 The U sec. cor. of sees. 7 anol2. on the W. bdy. of the Tp., which Ismonumented with a lime
stone, 12 x 8 x 10 Ins. above ground, firmly set, marked and witnessed as described in the 
official record. 

From the NE. cor. of the town site. 

B. 0°05' E., on the E. bdy. of the town site. 

W.OO The cl08in~ cor. of sees. 7 and 18. 

Thence in sec. 18. 

7. 63 The north bank of Lins Lake. 

Polntfor auxiliary meander cor. In sec. 18, and BE. cor. ofthe town site. 

Bet an Iron post! 30 Ins. long, 21n8. dlam., in a concrete form, 8 Ins. upper dlam., 14 Ins. lower 
diam., 30 Ins. oug, 24 Ins. in the ground, with brass cap mkd. 

~
c TI5N 

T 5 R 20 E 
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From this point the temp. SE. cor. monument bears West, 6lks. dlst.; a limestone, 18 x 9 x 6 
Ins., mkd. SE COR LC; I remove the stone. 

From the CWo H. sec. cor. of sec. 7, and NW. cor. oftownsite, S. 0°05' E., on the N. and B. 
center line of the SWU of sec. 7, and W. bdy. of the townsite. 

40. 00 The closing cor. of sees. 7 and 18 at the point for the W. He sec. cor. 

Thence in sec. 18, on the N. and S. center line of the NWU and W. bdy. of the townsite. 

211. ro The north bank of Lins Lake. 

Point for the special meander cor. on the meridional centcr line of the NW~ of leC. 18, and 
SW. cor. of the townsite. 
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Set an iron post, 30 Ins. long, 2 ins. diam., in a concrete form, 8 ins. upper diam., 14 Ins. lower

diam., 30 ins. long, 24 ins. in the ground, with brass cap mkd.

From this point the temp. SW. cor. monument bears East, 4 Iks. dist.; a limestone 18 z 8

x 6 ins., mkd. SW COR LC; I remove the stone.

MEMORANDUM

The segregation of the mineral claims in sees. 4 and 5 and the computation of the areas of the

surrounding fractional lots that are subject to entry as agricultural land are derived by aid

of the field notes and plats of the mineral patent surveys, which show the connecting courses

and distances to the U. S. Location Monument located in tho RW'H REH, sec. 5. The position

of the latter monument, with reference to the quarter-section corner on the south boundary

of the section, is shown in the record of the sucdivisional survey. Ordinarily, the courses

and distances along the boundaries of the mineral claims can not be shown at the scale of the

tow nship plat, in addition to the more essential information.

The survey of the boundaries of the Rancho San Bias was made under the provisions of the

public land laws (R. 8. sec. 2223: Mar. 3,1925, 43 Stat. 1144; 43 U. S. C. sec. 52), prior to the

subdivision of the township.

The location of the right of way of the Montana* Manitoba R. R. with reference to the sub-

divisional survey is ascertained by notation of the intersections on the section boundaries,

and by aid of the map filed with the application for a right of way across public land. The

land occupied by the railroad is Dot segregated from the public lands excepting within a town

site.

TEST OF SOLAR ORIENTATION

June 30: At the cor. of sees. 7, 8,17, and 18, at 6M5* a. m., app. t., I set off 45Â°48'30" N., on

the lat. arc; 23Â°12' N., on the decl. arc; and orient the instrument with the solar; the line of

sight agrees with the meridian established by Polaris observation.

At 4*30"' p. m., app. t., I set off 45Â°48'3C" N., on the lat. arc; 23Â°10' N., on the decl. arc; and

repeat the test of the solar; the line of sight agrees with the meridian established by Polaris

observation.

June 30,1945.

GENERAL DESCRIPTION

A considerable variety of land and soil are found in Township 15 North, Range 20 East.

The general elevation of the township ranges from about 4,fi00 to 4,800 ft. above sea level; the

summit of the Little Snowy Mountains, which extends into sees. 2 and 3, is about 1,200 ft.

higher. Most of the northern and northeastern portion of the township is rough and stony,

the central part gently rolling, and the southern part nearly level. The soil of the bottom

land along the Yellowstone River is an alluvial silt and loam; much of the soil in the central

part of the township is a black loam, but the southwestern part is very sandy. There is one

small alkali flat which is located along the line between sees. 23 and 24. There is a heavy

stand of Cottonwood and green ash along the right bank of the river in sec. 25, a grove of heavy

burr oak along the line between sees. 1 and 12, and a good growth of yellow pine, burr oak and

fir timber over most of the mountain region.

The Yellowstone River crosses the southeastern portion of the township; it is a meanderable

stream, under surveying rules, but there is no navigation on the river, owing principally to the

swift current and occasional rapids; there is a ferry operating in sec. 35. There Is some actual

navigation on Lins Lake, which is a deep and permanent body of water; only the upper end

of the lake extends into this township. Clear Lake is a permanent body of water, and mean-

derable under the Manual regulations. There is an extensive marsh in sees. 16, 21, and 22,

which evidently was the bed of a former shallow lake; the marsh, and a group springs which

are situated along the line between sees. 9 and l(Â», drain into Lins Lake. There are three good

springs in sees. 28 and 32, all of considerable flow, which are tributary to Clear Lake.

The most important developments at the present time are the gold-bearing quartz mineral

claims in sees. 4 and 5, and the Montana & Manitoba R. R., which crosses the northwestern

part of the township. There is a limestone quarry in the NWJ4 8W^ sec. 9, which may be

considerably expanded if there should be a demand for building stone in this vicinity. The

proposed Lake City town site is well chosen and offers many advantages. The applicants for

the town site subdivision are making a bona fide effort to encourage an mterest in the situation.

There are three settlers in sees. 17 and 20 who have small fields in cultivation, under irriga-

tion; three additional settlers, one in sec. 19, one in sec. 25, and one in sec. 35 have made their

first improvements, and one of them has about 40 acres in cultivation. The settlement will
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Set an Iron post, 30 Ins. long. 2 Ins. diam., In a concrete form. Bins. upper dlam., 14 Inll.lower 
diam .• 30 Ins. long, 24 ins. In the ground. with brass cap mkd. 

w 

~ 
W 

SMC 

1945 
From this point the temp. SW. cor. monument bears East, 4 Iks. dlst.; a limestone 16 x 8 

x 6 ins., mkd. SW COR LC; I remove the stonc. 

MEMORANDUM 

The 5('gregatlon of thl' mineral claims In 5('CS. 4 and 5 and the computat Ion of the areas of the 
surrounding fractional lots that are subject to rntry as agricultural land are derivrd by aid 
of the field notes and plats of the mineral patent surveys, which show the connecting courses 
and distanl't's to the TJ. 8. Lor-atlon Monument located in tho fnrJ.4 SF: J.4. sec. 5. Thl' position 
of the latter monument, wIth rl'fl'rence to the Quarter'5('ction comer on the south boundary 
of the section, Is shown In the record of the subdlvislonal SllTWY. Ordinarily, the courses 
and distanCt's alonl! the boundaril's of the mineral claims can not be shown at the scale of the 
to\\ nship plat, In addition to the more eS5('ntiallnformation. 

The survey of the boundarks of the Rancho San BIas was madr under the pro\ isions of the 
public land laws (R. R. sec. 222:l: Mar. 3, 1925, 43 Stat. 1144; 43 IT. S. ('. s~e. 52), prior to the 
suhdlvlslon of the township. 

The loentlon of the right of way ofthe Montana &1 MonltohA R. R. with refrrencc to the sub
divisional survey Is ascertained by notation of the intrrsrctlons on the 5('ction boundaries, 
and by old of the map flIed with the application for A right of way across public land. The 
laud occupied by the railroad Is not 5('gregated from the public lands excepting within a town 
site. 

TEST OF SOr.AR ORIE!IITATION 

June 30: At the cor. of Sf'es. 71 B, Ii, and 18, at fI~45" a. m., app. t., I Sl't otT 45°48'30" N., on 
thl' lot. arc; Zlo12' N., on the ol'c!' arc; and orknt the Instrument with thl' solar; the line of 
sil!ht alITees with the meridian establishE'd by l'olaris ol;5('rvation. 

At 4 A30" p. m., app. t .• I 5('t 011 45°48'3C" K .• on the lat. arc; 23°10' K., on the dec!. arc; and 
rrprat the test of the solar; the line of sight agrees with the meridian estahlished by Polaris 
observation. 

1l7lfZ 30, 1945. 

GENERAL nESCRIMION 

A considerable variety of land and soU are found In Township 15 North, Range 20 East. 
The I!l'ncral elevation of the township ranl!es from about 4.IiOO to 4,800 ft. above sea levl'l; the 
summit of the Little Snowy Mountoins, which extends Into sees. 2 and 3, Is about 1,200 (t. 
higher. Most of the northern and northeastl'rn portion of the township Is rou!:b and stony, 
the central part gently rolllnF', and the southern part nearly level. The soU of the bottom 
land alonlt the Yellowstone River is an alluvial slit and loam; much of the soli In the central 
part of the township Is a black loam, but the southwestern part is very sandy. There is one 
small alkali flat which Is located along the line between sees. 23 and 24. There Is a heavy 
sland of cottonwood and green ash along the riltht bank of the river In sec. 25, a grove of heavy 
burr oak along the line between sees. 1 and 12, and a good growth of yellow pine, burr oak and 
fir timber over most of the mountain region. 

The Yellowstone River crosses the southeastern portion of the township; It Is a meanderable 
stream, under surveying rules, but there is no navigation on the river, owmg principally to the 
swift current and occasional rapids; there Is a ferry operating in sec. 35. There is some actual 
navigation on Llns Lake which Is a d('rp and prrmanrnt body of water; only the upper end 
of the lake extends Into this township. C'll'ar Lake is a permanl'nt body of water, and mean
derable under the Manual rl'!!ulations. Thl're Is an extrnsive marsh In sees. 16, 21, and 22, 
which evidently was the bed of a former shallow lake; tbe marsh, and a group springs which 
are situated along the line between sees. !) and Hi, drain into Llns Lake. There are three good 
springs in sees. 28 and 32, all of considerab Ie flow, which are tributary to Clear Lake. 

The most Important developments at the present time are the gold·bearlng Quartz mineral 
claims In sees. 4 and 5, and the Montana & Manitoba R. R., which crosses the northwestern 
part of the township. There Is a limestone quarry in the r-.:W~ SW~ sec. 9, which may be 
ronslderably expanded If there should be a demand for building stone In this vicinity. The 
proposed Lake City town site Is well chosen and otTers many advant~es. The applicants (or 
the town site subdivision are making a bona fide effort to encourage an mterest In the situation. 

There are three settlers In sees. 17 and 20 who have small fields In cultivation, under Irriga· 
tlon; three additional settlers, one in sec. 19J one In sec. 25, and one In sec. 35 have made their 
first improvements, and one of them has anout 40 acres In cultivation. The settlement wtll 
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doubtless be considerably increased whenever there is a demand for the land, but at the present

time the predominating interest is in stock grazing, as there is an excellent growth of native

grass over most of the township, which flourishes excepting during periods of drouth, and the

township alTords an unusual water supply. There are several small cottages on Ivy Island,

in Lins Lake, which are occupied at intervals during the summer months, but apparently no

one has made a permanent settlement on the island.

At several corner points in the subdivision of the township the site conditions are such that

a superior monumentation was desirable. In most of these places this was secured by the

employment of an iron post, or a tablet, set in a concrete form shaped as a frustrum of a cone,

8 ins. upper diam., 14 ins. lower diam., 36 ins. long, which were constructed at the points where

required. In a few places a tablet was used, set in a cylindrical form of concrete, 36 ins. long,

6 ins. in diam.; a number of these were constructed in camp, allowed to thoroughly set, then

transported to the points where needed. There were no trees or stone in those situations where

no accessories are recorded, and the soil was not sufficiently firm for pits.

The average of a considerable number of readings over all parts of the township gives a value

of 18Â° 10' E. for the mean magnetic declination. There is a range of 20' in local attraction.

FIELD ASSISTANTS

Capacity

Principal Assistant

Chainman

Flagman

Axeman

Cornerman

CERTIFICATE OF CADASTRAL ENGINEER

I, Robert Acres, hereby certify upon honor, that in pursuance of special instruc-

tions bearing date of the 1st day of April, 1945, I have surveyed the subdivisional

and meander lines of Township 15 North, Range 20 East, of the Principal Merid-

ian, in the State of Montana, which are represented in the foregoing field notes as

having been executed by me and under my direction; and that said survey has

been made in strict conformity with said instructions, the Manual of Instructions

foi the Survey of the Public Lands of the United States, and in the specific manner

described in the foregoing field notes.

(Signed) Robert Acres,

Helena, Montana, July SI, 1945. Cadastral Engineer.

CERTIFICATE OF APPROVAL

Bureau op Land Management,

Washington, D. C, September 15, 1946.

The foregoing field notes of the survey of the subdivisional and meander lines

of Township 15 North, Range 20 East, of the Principal Meridian, Montana,

executed by Robert Acres, having been critically examined and found correct,

are hereby approved.

(Signed)

Chief, Branch of Engineering and Construction.

CERTIFICATE OF TRANSCRIPT

I certify that the foregoing transcript of the field notes of the above-described

surveys in T. 15 N., R. 20 E., is a true copy of the original field notes.

(Signed)

Chief, Branch of Engineering and Construction.
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doubtless be considprably inCTI'Bsl'd whpnever th!'re is a d!'mano for the land, but at the present 
time the predominating int('r('st is in stock grazing, as there is an exct'llent growth of native 
!!TOSS over most of the towDship, which 1l0urishes excepting during periods of drouth. and the 
township aHords an unusual water supply. There arc several small cottages on Ivy Island, 
in Lins Lake, which are occupied at intervals during the summer months, but apparently no 
one has made a permanent spttl!'nH'nt on the island. 

At several corner points in the subdivision of the township the site conditions are such that 
a superior monum!'ntatlon was desirable. In most of these places this was secured by the 
employment of an iron post, or a tablet, set in a concrete form shaped as a frustrum of a cone, 
S ins. upper diam., 14 ins.lowrr diem., 36 ins. lon~, which were constructed at the points where 
reQuired. In a few plaC('s a tabl('t was used, set m a cylindrical form of concrete, 36 ins. long, 
6 ins. in diarn.; a nurnhpr of th!'s!' were construct.ed in camp, allowed to thoroughly ISet, then 
transported to the points where nC'l'ded. Th!'re were no trees or stone in those situations where 
no accessories an' Tl'cGrdrd. aud the soil was not sufficiently firm for pits. 

The avera!!e of a considerablo number of readinys over all parts of the township gives a value 
ot 180 10' E. for the mean magnetic declination. There is a range ot:lV' in local attraction. 

FIELD ASSIST ANTS 
Nama Capacitv 

Principal AS8istant 

Chainman 

Flagman 

Axeman 

Cornerman 

CERTIFICATE OF CADASTRAL ENGINEER 

I, Robert Acres, hereby certify upon honor, that in pursuance of special instruc
tions bearing date of the 1st day of April, 1945, I have surveyed the subdivisional 
and meander lines of Township 15 North, Range 20 Ea.tSt, of the Principal Merid
ian, in the State of Montana., which are represented in the foregoing field notes as 
having been executed by me and under my direction; and that said survey has 
been made in strict conformity with sa.id instructions, the Manual of Instructions 
fm the Survey of the Public Lands of the United States, and in the specific manner 
described in the foregoing field notes. 

HELENA, MONTANA, July 81, 1946. 
(Signed) ROBERT ACRES, 

Cadastral Engineer. 

CERTIFICATE OF APPROVAL 

BUREAU OF LAND MANAGEMENT, 

Washington, D. C., September 16, 1946. 
The foregoing field notes of the survey of the subdivisiollal and meander lines 

of Township 15 North, Range 20 East, of the Principal Meridian, Montana, 
executed by Robert Acres, having been critically examined and found correct, 
are hereby approved. 

(Signed) 
Chiej, Branch oj Engineering and Conatructiota. 

CERTIFICATE OF TRANSCRIPT 

I certify that the foregoing transcript of the field notes of the above-described 
surveys In T. 15 N., R. 20 E., is a true copy of the original field notes. 

01 IZ b 

(Signed) _________________________________________ _ 

Chiej, Branch oj 8~flineerin11, and COMtrucnon. 
nglnall 'Of'll 
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SPECIMEN FIELD NOTES, DEPENDENT RESURVEY

427. The example taken from a dependent resurvey, is to illustrate certain ex-

planatory, introductory statements, that are regarded as appropriate and neces-

sary, in order that the resurvey record may be fully coordinated with the original.

This is a bona fide township in which the resurvey is strictly a restoration accord-

ing to the best available evidence, with proportionate distribution of all differences

in measurement. Several miles of the field notes are included to show forms of

record, and the manner in which the style agrees with, or differs from, the speci-

men field notes of an original survey; some modification of corner descriptions

has been made in order to furnish a variety of examples.

Dependent Resurvey of T. 1 S., R. 26 W., Fifth Prin. Mer., Arkansas

Township 1 South, Range 26 West, of the Fifth Principal Meridian, Arkansas, is located within the

Ouachita National Forest. The south boundary of the township was surveyed by Rudolph N. Rowland,

Deputy Surveyor, in 1837; the east and west boundaries were surveyed by John E. Graham, Deputy Sur-

veyor, in 1838; and the township was subdivided by B. F. Owen, Deputy Surveyor, in 1845. These surveys

are represented upon the township plat approved July 28,1845, on file In the General Land Office. The north

boundary of the township, being the base line of the 5th Prin. Mer., was resurveyed under the direction of

the General Land Office, in 1929, as represented on the plats of the resurvey of Tps. 1 N., Rs. 26 and 27 W.,

approved May 22,1631 and April 8,1931, respectively. The following field notes are those of the dependent

resurvey, or reestablishment, of the east, west, and south boundaries, and subdi visional lines of the township.

The resurvey was initiated on the official request of the U. S. Forest Service because of the advanced ob-

literation of the original marks, and the need for a plain marking of the lines. The identified evidence

consisted of marks and remains of original bearing trees; in some cases merely the stumps remained. The

direct evidence was mostly deteriorated, badly decayed and bordering on disappearance, though dependable

for fixing about one-third of the corner positions. Two locations were restored from the testimony of persons

who had known the bearing trees before their disappearance. About one-fourth of the positions could be

accepted as perpetuations of the original corner locations, or acceptable determinations by local survey;

these had been preserved and recognized, but there was no testimony or definite record as to their origin;

the locations could be adopted after being verified by the direct evidence. The remainder of the comer

positions were lost. The original survey was faithfully and carefully executed. These facts were reported

in justification of the need for a resurvey.

Before restoring the corners, the lines of the original survey were retraced, and diligent search made for any

evidence of the original corners, bearing trees, and other calls of the original field note record. When duly

identified the corner positions were remonumented and new bearing trees marked.

The rules of proportionate measurement were applied in order to ascertain the position of lost corners, after

completing the necessary retraeements to connect with the identified comer locations, but not until exhaust-

ing every reasonable possibility of finding direct evidence for the control of each particular corner. The true

lines, thus adjusted to the identified original evidence, were then duly run and marked through the timber.

The retracement data were submitted for office examination and verification prior to the conclusion of the

field work. In order to simplify the record, the true line notes only are supplied herewith, which refer to the

completed resurvey.

The survey was executed with light mountain solar transits made by Buff and Buff, serial numbers 9937,

14187, and 17993, all constructed in accordance with the standard instrumental specifications of the General

Land Office. The horizontal circles have diameters of 4>4 inches, with two double opposite verniers reading

to single minutes; the vertical circles have diameters of 4 inches, with one double vernier reading to single

minutes. The instruments are equipped with improved telescopic solar attachments, radii of latitude arcs

3 inches, and of declination arcs 3M inches, each with verniers reading to single minutes. The instruments

were in good condition and were placed in satisfactory adjustment prior to the beginning of the survey.

The directions of all lines were determined with the solar transit, and the measurements made with Lallie

steel tapes, 5 chains in length, graduated every link for the first 100 links, and thereafter at intervals of 10
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SPECIMEN FIELD NOTES, DEPENDENT RESURVEY 
427. The example taken from a dependent resurvey, is to illustrate certain ex

planatory, introductory statements, that are regarded as appropriate and neces
sary, in order that the resurvey record may be fully coordinated with the original. 
This is a bona fide township in which the resurvey is stric.Jy a restoration accord
ing to the best available evidence, with proportionate distribution of all differences 
in measurement. Several miles of the field notes are included to show forms of 
record, and the manner in which the style agrees with, or differs from, the speci
men field notes of an original survey; some modification of corner descriptions 
has been made in order to furnish a variety of examples. 

Dependent Resurvey of T. 1 S., R. 26 W., Fifth Prin. Mer., Arkansas 

Township 1 South, Range 26 West, of the Fifth Principal Meridian, Arkansas, is located within the 
Ouachita National Forest. The south boundary of the township was surveyed by Rudolph N. Rowland. 
Deputy Surveyor, In 1837; the east and west boundaries were surveyed by John E. Graham, Deputy Sur
veyor, In 1838; and the township was subdivided by B. F. Owen, Deputy Surveyor, In ISt5. These surveys 
are represented upon the township plat approved July 28, ISt5, on tile in the General Land Office. The north 
boundary of the township, being the base line of the 5th PrIn. Mer., was resurveyed under the direction of 
the General Land Office, in 1929, as represented on the plats of the resurvey of Tps. 1 N., Rs. 26 and 'n W., 
approved May 22,1931 and April 8,1931, respectively. The following field notes are those orthe dependent 
resurvey, or reestablishment, of the east, west, and south boundaries, and subdlvisionaillnes of the township. 

The resurvey was initiated on the official request of the U. 8. Forest Service because of the advanced ob
literation of the original marks, and the need for a plain marking of the lines. The identified evidence 
consisted of marks and remains ot orIginal bearing trees; in some cases merely the stumps remaIned. The 
direct evidence was mostly deteriorated. badly decayed and bordering on disappearance. though dependable 
for fixing about one·thlrd of the comer positions. Two locations were restored from the testimony of persons 
who had known the bearing trees before their disappearance. About one·fourth of the positions could be 
accepted as perpetuations of the original comer locations. or acceptable determinations by local survey; 
these had been preserved and recognized, but there was no testimony or definite record as to their origin; 
the locatioOll could be adOPted after being verified by the direct evidence. The remaInder of the comer 
positions were lost. The original survey was faithfully and carefully executed. These facts were reported 
In justification of the need for a resurvey. 

Before restoring the comers, the lines of the original survey were retraced, and diligent search made for any 
evidence of the original comers, bearing trees, and other calls of the original field note record. When duly 
Identified the comer positions were remonumented and new bearing trees marked. 

The rules of proportionate measurement were applied In order to ascertain the position of lost comers, after 
completing the necessary retracements to connect with the Idcntified comer locations, but not until exhaust
ing every reasonable possibility of floding direct evidence for the control of each particular comer. The true 
lines, thus adjusted to the Identified original evidence, were then duly run and marked through the timber. 

The retracement data were submitted for office examination and verification prior to the conclusion of the 
field work. In order to simplify the record, the true line notes only are supplied herewith, which refer to the 
completed resurvey. 

The survey was executed with light mountain solar transits made by Bu1J and Bu1J, serial numbers 9937, 
14187, and 17993, all constructed in accordance with the standard instrumental specifications of the General 
Land Office. The horizontal circles have diameters of 4~ inches, with two double opposite verniers reading 
to single minutes; the vertical circles have diameters of" inches, with one double vernlcr reading to Single 
minutes. The instruments are equipped with Improved telescopiC solar attachments. radII of latitude arcs 
3 inches. and of declination arcs 3~ inches, each with verniers reading to single minutes. The Instruments 
were In good condition and were placed in satlafactory adjustment prior to the beginning of the survey. 

The directions of all lines were determined with the solar transit, and the measurements made with Lallie 
steel tapes, Ii ehaiOll in length, graduated every link for the first 100 links, and thereafter at Intervals of 10 
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DEPENDENT RESURVEY, T. 1 S., R. 26 W.
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links. The tapes were tested by comparison with a standard tape and found correct. The measurement

were made on the slope, and the vertical angle of each interval was ascertained by a clinometer in good

adjustment; the horizontal equivalents only are entered in this field note record.

April 13, 1943, at camp located in the SE. \i SW. \i, sec. 36, T. 1 N., R. 27 W., in approximate latitude

34Â°41'30" N., longitude 93Â°49' W. at 7h 62m a. m., app. t., I make a series of three altitude observations of

the sun for azimuth, each with the telescope in direct and reversed positions, observing opposite limbs of the

sun, and reading the horizontal angle from the line of sight to a nail in a pump house, SE. to the sun:

Observa-

tion

Telescope

Sun

Apparent

time

Vertical angle

Horizontal

angle

1st

Direct.

-P

27Â° 33' CM"

61Â° 32' 00"

27 65 00

60 12 00

27Â° 44' 00"

60Â° 62' 00"

2d

Direct

7* 62"....

27Â° 45' 00"

27 44 00

61Â° 23' 00"

60 21 00

J_

27Â° 44' 30"

60Â° 62' 00"

3d

Direct

u

27Â° 62' 00"

27 38 00

61Â° 17' 00"

Reversed

h

60 27 00

Mean

27Â° 45' 00"

60Â° 52' 00"

27Â° 44' 30"

60Â° 52' 00"

IS E

' 20Â°23'33'/ '

Mean observed vertical angle. 27Â°44'30"

Refraction In zenith distance- â��â�¢ â��1'49"

Parallax. +8"

True vertical angle h=27Â°42'49"

Declination of the sun .'. 8Â°51'34"N.

Reduced azimuth of the sun at the mean period of the observation S.81Â°15'33"E.

Observed horizontal angle from the sun to the line of sight of the nail . 60Â°52'00"

True bearing, line of sight of the nafl {^ 20Â°23'33"^r"

I turn an angle of 20Â°23'33" to the right of the nail and mark the true meridian.

Every hour from 7 to 10:30 a. m. and from 1:30 to 5 p. m., I make proper settings on tho arcs of the solar

attachments and ascertain that the resulting orientations of the instruments, when compared with the

meridian established by observation of the sun, have a maximum error of less than 1'30".

DEPENDENT RESURVEY, T. 1 S., R. 26 W. 565 

UDb. The tapes were tested by comparison with a standard tape and found correct. The meuurement 
were made on the slope, and the vertical angle of each Interval was ascertained by a cUnometer In good 
adJustment; the horizontal equf1'8lents only are entered In thJs fleld note record. 

Aprtlll, INa, at camp located In tbe SEe U SW. U, lee. 36, T. IN., R. 'Z1 W., In approximate latitude 
M·G'aO" N., longitude gao49' W.o at 7h 82m a. m., app. t., I make a aerfee of three altitude observations of 
UIe sun for ulmuth, each with the teleIcope In direct and reversed positions, ollservtng opposite 11mbs of the 
IUD, md readInc the horllontal angle from the line of aigbt to a nallin a pump house, SEe to the sun: 

Obeena- Telelcope Sun Appartmt Vertical angle Horfwntal 
Uon time angle 

lIl. ________ Direct ___________________________ 

-d--r- ------------ -no 33' 00" 61° 82' 00" 

Reveraed ______________________ 
-----.------ 'J:l l1li 00 eo 12 00 

MeaD _____________________ 
...... -_ ... __ ......... _---- ------------ -no 44' 00" 60" 62' 00" 

~---------
DIrect _________________________ 

&--f 
~ 

112-____ 'l3" 411' 00" 61° 23' 00" 

~--------------------- ------------ 'J:l 44 00 60 21 00 

MeaD ____________________ -no 44' 30" 60" 62' 00" ---------------- ------------
Id ________ DIrect _________________________ 

-d--f 
----------- -no 112' 00" 61· 17' W' 

Reversed _______________________ 

----------- 'J:l 38 00 110 'Z1 00 

MeID _____________________ 
-no 411' 00" 60" 112' 00" .. _-------------- ------------Mean cfalL ______________ 

---------... ----.. - ------------ -no 44' 30" 60" 112' 00" 

By reclactlCIIl of ObeervatlClll, the line of light of the naB bean {~. 3)023'33' ~. 
Mean oblerved verUcal angle___________________________________________________________ rW3O" 
Betlaotlon In IeD1th dIstance__________________________________________________________ -1'48" 
ParaDax.._______________________________________________________________________________ -t8" 

TraI vdoIl SIlIle-----------------------------------------------------_______________ h--noW49" 
DeaJlnation of the IDD.n_n_n_: __ nnn __ n _______ nn _______ n ______ nnn___________ S"lIl'M''N. 

Beduoed ulmuth of the sun at the mean period of the observatlon_____________________ S.81°11l'33"B. 
Oband horIIontal engle from the sun to the line of aigbt of the nall___________________ WI52'OO" 

TraI bearIDI, lIDe oflflht of the naB ____________________________________________________ {~.mo28'33":.· 

I tam an ancIe of 2)023'13" to the right of UIe nan and mart the true meridian.. 
B.,.,. hour from 7 to 10:30 a. m. and from 1:30 to II p. m., I make proper I8ttinp on the area of the solar 

NlMlnD_a and ucertaIn that the reaultlnl orlentatlODl of the Instruments, when compared with the 
meridian eatabJfabed by observation of the IUD, haft a maximum error of _ than 1'30". 
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566

MANUAL OF SURVEYING INSTRUCTIONS

I repeat the tests of the arcs daily, when conditions are favorable, by noon observation, and verify the

meridional indications at frequent intervals throughout the survey.

Dependent Resurvey of the East Boundary, T. 1 S., B. S6 W., 6th Prin. Mer.,

Arkansas.

Chain*

5.00

12.20

28.90

39.29

39.79

Reestablishment of the Survey Executed by

John E. Graham, Deputy Surveyor, in 1838.

The cor. of Tps. 1 and 2 S., Rs. 25 and 26 W.. is determined from the remains of the original

bearing trees; point for cor. falls by a fence bearing N. and S.

from which the remains of the original bearing trees:

A stump hole, bears N. 39Â° E., 67 Iks. dist.

A pine stump, 22 ins. diam., bears S. 59Â° W., 116 Iks. dist.

At the corner point

Set an iron post, 30 ins. long, 2 ins. diam., in a concrete form, 9 ins. diam., and 30 ins. long,

24 ins. long, in the ground, with brass cap mkd.

T

S

R26 W

R25W

S3I

S36

SI

36

from which

T2S

1943

A granite boulder 3 x 2 x 1 ft. above ground, bears N. 20)4Â° W., 40 Iks. dist., mkd. XBO

on SE. face.

A pine, 10 ins. diam., bears N. 16" E., 125 Iks. dist., mkd. T1S R25W S31 BT.

A white oak, 7 ins. diam., bears S. 40HÂ° Eâ�� 75 Iks. dist., mkd. T2S R25W S6 BT.

A white oak, 18 ins. diam., bears S. 53HÂ° W., 94 Iks. dist., mkd. T2S E26W SI BT.

A pine, 9 ins. diam., bears N. 44J4Â° W.. 35 Iks. dist., mkd. T1S R26W S38 BT.

N. 0Â°28' E., along the E. bdy. of sec. 36, morning and blazing the true line.

Ascend 25 ft. over S. slope, along a fence, through timber and undergrowth.

Top of ascent; descent 70 ft. over N. slope.

Draw, course W.; ascend 87 ft. over broken S. slope.

Point of spur, slopes N. 70" E.; descend 70 ft. over broken N. slope.

Eoad, bears E. and W.; leave fence S. of road, fence turns to E.

Point for the H sec. cor. of sec. 36, at proportionate distance; there is no remaining evidence of

the original corner.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

4 S 3c|

S36

1943

40.60

47.00

from which

A white oak, 5 Ins. diam., bears N. 2%Â° W., 22 Iks. dist., mkd. }f S36 BT.

A pine, 14 ins. diam., bears S. 14$iÂ° W., 130H Iks. dist., mkd. H S36 BT.

Raise a mound of stone, 4 ft. base, 2 ft. high, W. of cor.

Spring branch, course SE.; ascend 45 ft. over S. slope.

Top of ascent; thence along E. slope.

566 MANUAL OF SURVEYING INSTRUCTIONS 

I repeat the tests of the arcs dally, when conditions are favorable, by noon observation, and verUy the 
mer1dlonalindlcations at frequent intervals throughout the survey. 

Dependent Resurvey of the Ea8t Boundary, T. 1 S., R. 26 W., 5th Prin. :Mer., 
Arkansas. 

Claim Reestablishment of the Survey Executed by 
John E. Graham, Deputy Surveyor, in 1838. 

The cor. 01 Tps. 1 and 2 S., Rs. 25 R.Dd 26 W., Is determlne(l from the remains of the original 
bearing trees; point for cor. falls by a fence bearing N. and S. 

from which the remains of the original bearing trees: 

A stump hole, bears N. 39° E., ~ lks. dist. 

A pine stump, 22 ins. dlam., bears S. 590 W .• II6lks. dist. 

At the corner point 

Set an Iron post, 30 Ins. long, 2 ins. diarn .• in II concrete form, 9 Ins. dlam., Bnd 30 Ins. long, 
24 ins. long, In the ground, with bra.~s cap rr.kd. 

from which 

TI5 
R26W R25W 

536 S 31 

51 56 

T 25 
1943 

A granite boulder 3 x 2 x 1 ft. above ground, bears N. 2O~,0 W.; 40 lks. dlst., mkd. XBO 
on SE. face. 

A pine, 10 Ins. dlam .• bears N. 160 E., 125lks. dlst., mkd. TIS R25W S31 BT. 

A white oak, 7 Ins. diam., bears S. 4O~0 E .• 751ks. dist.. rnkd. T2S R25W 86 nT. 

A white oak, 18 Ins. diam., bears R. 53Ho W., 94lks. dist .• mkd. T2S R26W 81 BT. 

A pine, 9 Ins. dlam., bears N. 44~0 W .. 35 Iks. dlst., mkd. TIS R2GW S36 BT. 

N. 0°28' E., along the E. bdy. of sec. 36, mfl!',,;ng and blazing the true line. 

Ascend 25 ft. over S. slope, along a fence, through timber and undergrowth. 

6.00 Top of ascent; descent 70 ft. over N. slope. 

12. 20 Draw, course W.; ascend 87 ft. over broken S. slope. 

26.90 Point of spur, slope.'I N. 70° E.; descend 70 ft. over broken N. slope. 

39.29 Road. bears E. and W.; leave fence S. of road, fence turns to E. 

39.79 Point for the ~ sec. cor. of sec. 36, at proportionate distance; there Is no remaInIng evidence of 
the original corner. 

Set an iron post, 30 ins. long, 2 Ins. dlam., 24 ins. in the ground, with brass cap mkd. 

~ S 3G I 
1943 

from which 

A white oak, Ii Ins. dfam., bears N. 2IAO W., 22lks. di~t., mkd. ~ 836 BT. 

A pine, 14 ins. dlam., bears S. 14~0 W., 130~ lks. dlst., mid. ~ 836 BT. 

Rafse a mound of stone, 4 ft. base, 2 ft. high, W. of cor. 

40.60 SprlDg branch, course SE.; ascend 45 ft. over S. slope. 

47.00 Top of ucent; thence along E. slope. 

Original from 
Dig ize b UNIVERSITY OF INNESOTA 



DEPENDENT KESUEVEY, E. BDY., T. 1 8., R. 26 W. 567

Chain)

51.40

63.00

79.58

0.25

19.20

27.70

29.50

40.09

Vacant farm house, bears S., 1.62 chs. dist.

Highway No. 270, bears N. 47HÂ° W. and S. 47MÂ° E.

Descend 62 ft. over N. slope to cor.

The cor. of sees. 25 and 36, monumented by a white oak, 12 ins. diani., mkd. T 1 R26 S25 on

NW. and dim scribe marks on the SW. face, from which the remains of the original bear-

ing trees:

An elm stump, 18 ins. diom.. bears S. 28Â° W., 53 Iks. dist., with fallen log having old blaze.

(Record bearing S. 26Â° W.)

A post oak stump, 24 ins. diam., bears N. 78Â° W., 65 Iks. dist.

And new bearing trees,

A white oak, 20 tas. diam., bears S. 22J.Â£Â° W., 340 Iks. dist., mkd. T1S R26W S36 BT.

An elm, 15 ins. diam., bears N. 7JiÂ° W., 103 Iks. dist., mkd. T1S R26W S25 BT.

Land, rolling hills.

Soil, stony clay.

Timber, pine, oak, hickory, and elm; undergrowth, young timber.

N. 1Â°22' E., along the E. bdy. of see. 25.

Over gently rolling land, in creek bottom, through timber and undergrowth.

Hackberry Creek, 30 Iks. wide, course N. 80Â° E.; ascend 40 ft. over S. slope.

Top of ascent.

Descend 20 ft. over NW. slope.

Branch, 10 Iks. wide, course SW.; ascend 20 ft. over S. slope.

The H sec. cor. of sec. 25 as determined from the remains of the original bearing trees:

A stump hole, bears N. 62Â° W., 63 Iks. dist. (Record bearing N. 58Â° W.).

A stump hole, bears S. 45Â° W., 27 Iks. dist. (Record bearing S. 35Â° W.).

At the corner point.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground with brass cap mkd.

I S 25

4

I 9 43

16.00

20.50

25.40

40.68

from which

A pine, 10 ins. diam., bears N. 48Â° W., 49 Iks. dist., mkd. H S25 BT.

A pine, 5 ins. diam., bears S. 21 yfÂ° W., 39 Iks. dist., mkd. M S25 BT.

A pine knot, 4 ins. diam., 12 ins. above ground, and mound of stone, bÂ»

28 Iks. dist.

Raise a mound of stone, 4 ft. base, 2 ft. high, W. of cor.

S. 78MÂ° E.,

N. 1Â°00' E., beginning new measurement.

Ascend 55 ft. over SW. slope.

Top of ascent; thence over rolling W. and NW. slopes, descending 10 ft. to cor.

Draw, course NW.

Branch, 5 Iks. wide, course SW.

Point for the corner of sees. 24 and 25, at proportionate distance; there is no remaining evldenee

of the original corner. .

DEPENDENT RESURVEY, E. BDY., T. 1 S., R. 26 w. 

Chain, 
61.40 Vacant farm house, bears S., 1.62 chs. dlst. 

69.86 Highway No. 270, bears N. 47~0 W. and S. 47720 E. 

6.'too Descend 62 n. oyor N. slope to cor. 
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79. ~ The cor. of sees. 25 and 36, monumented by a white oak, 12 Ins. diarn., mkd. T 1 R26 825 on 
NW. and dim scribe marks on the SW. face, from which the remains of the original bear
ing trees: 

An elm stump, 18 ins. dio.m .• bears S. 280 W., li3lks. dlst., with fallen log having old blaxe. 
(Record bearing S. 260 W.) 

A post oak stump, 24 ins. diarn., bears N. 78° W., 651ks. dlat. 

And new bearing trees, 

A white oak, ~ Ins. diam., bears S. 22Ho W., 340 Iks. dist., mkd. TIS R26W 836 BT. 

An elm, 15 ins. dlam., bears N. 7~0 W., 103 Iks. dlst., mkd. TIS R26W 825 BT. 

Land, rolling hills. 
Soil, stony clay. 
Timber, pine, oak, hickory, and elm; undergrowth, young timber. 

N.I022' E., along the E. bdy. of sec. 25. 

Over gently rolling land, in creek bottom, through timber and undergrowth. 

0.25 Hackberry Creek, 30 !ks. wide, course N. BOo E.; ascend 40 ft. over S. slope. 

19.20 Top of ascent. 

27.70 Descend 20 ft. over NW. slope. 

29.50 Branch, 10 !ks. wide, course SW.; ascend 20 ft. over S. slope . 

.0.09 The~' sec. cor. of sec. 25 as determined from the remains of the original beartng trees: 

A stump hole, bears N. 620 W., 63 Iks. dist. (Record hearing N. 58° W.). 

A stump hole, bears S. 45° W., 27lks. dist. (Record bearing S. 35° W.). 

At the corner potnt. 

8et an iron post, 30 ins. long, 2 ins. diam., 24 Ins. in the ground with brass cap mkd. 

! S 251 
1943 

from whIch 

A pine,10 ins. diam., bears N. 48° W., 49 lks. dist., mkd. H S25 BT. 

A pine, 5 ins. diam., bears S. 2nio W., 39 lks. dist., mkd. ~ S2t1 BT. 

A pine knot, 4 Ins. diam., 12 Ins. above ground, and mound of stone, b& S. 78,,0 B., 
28 Iks. dlst. 

Raise a mound of stone, 4 ft. base, 2 ft. high, W. of cor. 

N. 1°00' E., beginning new mellSurement. 

Ascend 55 ft. over SW. slope. 

]6.00 Top of ascent; thence over rolling W. and NW. slopes, descending 10 ft. to cor. 

20.50 Draw, course NW. 

25.40 Branch, 5lks. wide, course SW. 

40.68 Poin t for the comer of sees. 24 and 211, at proportionate distance; there Is no remaining evtdenoe 
of the original comer. • 

Dig ize b 
Original from 

UNIVERSITY OF INNESOTA 



568

MANUAL OF SURVEYING INSTRUCTIONS

Charm

Set a brass tablet, Hi ins. diam., 3M Ins. stem, in a concrete form, 6 ins. diam., 30 ins.

long, and set 24 ins. in the ground, with top mkd.

T IS

R25W

19 4 3

from which

A pine, 8 ins. diam., bears S. 49H" W., 44H Iks. dist., mkd. TIS R26W S25 BT.

A pine, 12 ins. diam., bears N. 60MÂ° W., 49 Iks. dist., mkd. TIS E26W S24 BT.

Eaise a mound of stone, 4 ft. base, 2 ft. high, W. of cor.

Land, rolling hills.

Soil, stony clay.

Timber, pine, oak, elm, hickory and gum; undergrowth, young timber, and dogwood.

TIS

S24

S25

R26W

Remainder of east boundary of township omitted here.

Dependent Resurvey of the South Boundary, T. 1 S., R.

Arkansas.

W., 5th Prin. Mer.,

Chains

1.40

7.50

19.20

24.80

40.32

Reestablishment of the Survey Executed by

Rudolph N. Rowland, Deputy Surveyor, in 1837.

From the cor. of Tps. 1 and 2 S., Bs. 26 and 26 W.

S. 88Â°51' W., along the S. bdy. of sec. 36, marking and blazing the true line.

Over rolling land, through scattering timber and undergrowth.

Thence descend 70 ft. over W. slope.

Enter river bottom, bears N. and S.

Left bank of Ouachita River, course S. 15Â° E.

Right bank of river; thence over gently rolling land, through timber and undergrowth.

Point for the H sec. cor. of sec. 36, at proportionate distance; there is no remaining evidence-

of the original comer.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

i S36

4

1943

73.00

74.65

79.60

80.65

from which

A post oak, 10 ins. diam., bears N. 60HÂ° E., 75 Iks. dist., mkd. H S36 BT.

A pine, 7 ins. diam., bears N. 73HÂ° W., 16 Iks. dist., mkd. H S36 BT.

Thence down lane.

Creek, 2 Iks. wide, course NW.

Lane turns south; thence along fence.

The cor. of sees. 35 and 36, determined longitudinally by proportionate measurement, and

latitudinally by an old fence bearing E. and W.

At the corner point

568 MANUAL OF SURVEYING INSTRUCTIONS 

8et a brass tablet, 3U ins. dlam., 3~ In!. stem, In a concrete form, 6 ins. diam., 30 Ins. 
long, and Bet 24 Ins. In the ground, with top mkd. 

from which 

TIS TIS 

S 24 

S25 
R26W R25W 

1943 

A pine, 8 Ins. dlam., bears 8. 49~o W., 44j.i lb. dlst., mkd. TIS R26W 825 BT. 

A pine, 12 Ins. diam., bears N. 6O~0 W., 49 lb. dlst., mkd. T18 R26W S24 BT. 

Raise a mound of stone, 4 ft. base, 2 ft. high, W. of cor. 

Land, rolling hills. 
Soil. stony clay. 
Timber, pine, oat, elm, hickory and gum; undergrowth, young timber, and dogwood. 

Remainder of east boundary of township omitted here. 

Dependent Resurvey of the South Boundary, T. 1 S., R. !6 W., 5th Prin. Mer., 
Arkansas. 

CAaim Reestablishment of the 8urvey Executed by 
Rudolph N. ROWland. Deputy 8urveyor, In 1837. 

From the cor. of Tps. 1 and 2 8., Ri. 26 and 26 W. 

S. 88°51' W., along the 8. bdy. of sec. 36, marking and blazing the true line. 

Over rolling land, through scattering timber and undergrowth. 

1. 40 Thence descend 70 ft. over W. slope. 

7.50 Enter river bottom, bears N. and 8. 

19.20 Left bank of Ouachita River, course S. 150 11;. 

24. SO Right bank of river; thence over gently rolling land, through timber and undergrowth. 

40.32 Point for the ~ sec. cor. of sec. 36, at proportionate distance; there Is no remaining evldenoe
of the original corner. 

Set an iron post, 30 Ins. long, 2 ins. dlam., 24 Ins. In the ground, with brass cap mkd. 

from which 

1 536 
4 

1943 

A post oak, 10 ins. dlam., bears N. 6Ouo E., 75lks. dlst., mkd. ~ 836 BT. 

A pine, 7 Ins. d!am., bears N. 73j.i° W., 16lks. dlst., mkd. ~ 836 BT. 

73. 00 Thence down lane. 

74.55 Creek, 21kll. wide, course NW. 

79.60 Lane turns south; thence along fence. 

SO.65 The cor. of sees. 35 and 36, determined longitudinally by proportionate measurement, and 
latitudinally by an old fence bearing E. and W. 

At the corner point 

Dig ize b 
Original from 
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Chains

4.70

14.00

17.00

31.10

40.32

lii.SO

38.45

40.16

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mtcd.

Tl S

S35

R 26W

S36

1943

from which

A cedar, 4 ins. diam., bears N. 85MÂ° E., 91 Iks. dist., mkd. T1S R26W S36 BT.

A pine, 4 ins. diam., bears N. 30Â° W., 356 Iks. dist., mkd. T1S R26W S35 BT.

Land, gently rolling.

Soil, stony and sandy clay.

Timber, pine, oak, hickory and gum; undergrowth, young timber.

S. S9Â°55' W., along the S. bdy. of sec. 35.

Over gently rolling land, between fields.

Enter timber and undergrowth, bears NE. and S. 80" W.; descend 30 ft.

Creek, 15 Iks. wide, course NE.

Thence ascend 110 ft. over SE. slope.

Crest of ridge, bears NE. and SW.; descend 65 ft. to H sec. cor.

The M sec. cor. of sec. 35 which is marked by a pine stake and mound of stone at cor. of fences,

bearing E. and N., and substantiated by a large pine stump bole which bears N. 33!>40 W.t

15 Iks. dist. (Record).

At the corner point.

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

JS35

194 3

from which

A red oak, 13 Ins. diam., bears X. 69Â° E., 25 Iks. dist., mkd. H S35 BT.

A post oak, 13 ins. diam., boars N. ?HÂ° W., 31 Iks. dist., mkd. H S35 BT.

Raise a mound of stone, 3 ft. base, 2 ft. high, N. of cor.

Reset the pine stake, inverted and alongside the iron post.

S. 89Â°37' W., beginning new measurement.

Over gontly rolling land.

Fence, bears N. and S.; thence along old fence row.

Creek, 3 Iks. wide, course N. 30Â° E.: enter timber, bears N. 30Â° E. and S.

The cor. of sees. 34 and 35, which is marked by a wooden stake at cor. of fences which bear N.,

E. and W. This yx>sition is harmoniously related to existing original corners, has long been

recognized as the cor. by adjacent land owners, and is accepted as the best existing evidence

of the position of the original cor.

At the comer point

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

t i s

S 34

R26W

S35

1943

from which

700004*

C'hotnr 

DEPENDENT REBURVHY, E. BDY., T. 1 B., R. 26 w. 569 

8et an iron post, 30 Ins. long, 2 Ins. diam., 24 Ins. In the ground, with brass cap mkd. 

TIS 

S35 
R26W 
S36 

1943 
from which 

A cedar, 4 Ins. dlam., bears N. 8.5~o E., 91lks. dlst., mkd. TIS R26W 836 BT. 

A pine, 4 Ins. dlam., bears N. 30° W., 356lks. dlst., mkd. T1S R26W 836 BT. 

Land, gently rolling. 
Soil, stony and sandy clay. 
Timber, pine, oak, hickory and gum; undergrowth, young timber. 

8. 890 M' W., along the S. bdy. of sec. 3.5. 

Over gently rolling land, betwepn fields. 

4.70 Enter timber and undergrowth, bears NE. and 8. 800 W.; descend 30 ft. 

14. 00 Creek, 16 lks. wide, course NE. 

p.OO Thence ascend 110 ft. over 8E. slope. 

31.10 Crest of ridge, bears NE. and SW.; descend M ft. to ~ see. cor. 

40.32 The ~ sec. cor. of sec. 36 which Is marked by a pine stake and mound of stone at cor. offences, 
bearing E. and N., and substantiated by a large pine stump hole which bears N. 33~2° W., 
11i lks. dlst. (Record). 

At the corner point. 

Bet an iron post. 30 Ins. long. 2 Inll. dlam .• 24 ins. in the ground, with brass cap mkd . 

from which 

.!. S 35 
4 
1943 

A red oak. 13 Ins. dlam., bears N. 60° E., 251k~. dist., mkd. ~ 835 BT. 

A post oak, 13 Ins. dlam., bpars N. 7)4° W., 311ks. dist.. mkd. ~4 836 BT. 

Raise a mound of stone, 3 ft. base, 2 ft. high. N. of cor. 

Reset the pine stake, Inverted and alongside the iron post. 

8. 89"37' W., beginning new measurement. 

Over gvntly rolling land. 

111.60 Fence, bears N. and S.; thence along old fence row. 

3I!.46 Creek, alb. wide, course N. lIOo E.: enter timber. bpars N. 30° E. and S. 

40.16 The cor. of secs. 34 and 35, which is marked by a wooden stake at cor. of fences which bear N .. 
E. and W. This position is harmoniously related to existing original corners, ha! long been 
recognized as the cor. br adjacent land owners, and Is accepted 118 the best eXIsting evidence 
of the position of the orIginal cor. 

At the corner point 

Set an iron post. 30 Ins. long, 2 Ins. dlam., 24 ins. in the ground, with brass cap mkd. 

from whlcb 

TIS 

S34 
R26W 
S35 

1943 

Original from 
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Chains

A water oak, 6 ins. diam., bears N. 53^Â° E., 79H Iks. dist., mkd. T1S H26W S35 BT.

A water oak, 7 ins. diam., bears N. 75HÂ° W., 22^ Iks. dist., mkd. T1S E26W S34 BT.

Reset the wooden stake, inverted and alongside the iron post and raise a flat mound

of stone, 6 ft. diam., around the cor.

Land, gently rolling.

Soil, stony clay.

Timber, pine, oak, hickory and gum; undergrowth, young timber, vines and briers.

Remainder of south boundary, and all of west boundary of township omitted here.

Dependent Resurvey of the Subdivisional Lines, T. 1 S., R. 26 W., 5th

, Prin. Mer., Arkansas.

Chains

11.15

12.60

14.60

15.80

33.45

40.08

17.00

28.10

29.09

39.00

40.26

Recstablishment of the Survey Executed by

B. F. Owen, Deputy Surveyor, In 1845.

From the cor. of sees. 35 and 36, on the S. bdy. of the Tp.

N. 0Â°26' E., bet. sees. 35 and 36, marking and blazing the true line.

Descend 45 ft. over N. slope, through field.

Right bank of the Ouachita River, 135 Iks. wide, course E.

Left bank of first channel; thence over island.

Right bank of second channel, 120 Iks. wide, course E.

Left bank of second channel; acsend 85 ft. over S. slope to cor.

Farm road, bears E. and W.

The H sec. cor. of sees. 35 and 36, determined from the remains of the original bearing trees:

A dim stump hole bears N. 64Â° W., 9 Iks. dist.

A dim stump hole bears S. 73Â° E., 19 Iks. dist.

At the corner point

Set an iron post, 30 ins. long, 2 ins. diam., 26 ins. in the ground, with brass cap mkd.

1

4

S 35 | S 3 6

1943

from which

A white oak, 9 ins. diam., bears N. 72MÂ° E., 50 Iks. dist., mkd. H S36 BT.

A white oak, 15 Ins. diam., bears N. 59" W., 36 Iks. dist., mkd. H S35 BT.

A set stone, 12 112 x 12 ins. above ground, bears N. 64Â° W., 2 Iks. dist.

N. 0Â°44' E., beginning new measurement.

Over gently rolling upland.

Descend 62 ft. over N. slope.

Branch, course NE.; thence over level land.

Fence, bears E. and W.; ascend 30 ft. over S. slope.

Top of ascent; descend 5 ft. over N. slope to cor.

The cor. of sees. 25, 26, 35, and 36, which is marked by an iron peg, 12111 M ins., set 10 ins. in

ground. This peg was shown me by interested property owners and is accepted as the

best available evidence of the position of the original cor.

At the comer point

570 MA.l!lUAL OF SURVEYING INSTRUCTIONS 

Chafnl 
A water oak, 6 ins. diam., bears N. 53~~0 E., 79~2 lks. dist., mkd. TI8 R26W 83.'5 BT. 

A water oak, 7 ins. diam., bears N. 75Hlo W., 22~ lks. dlst., mkd. TI8 R26W 834 BT. 

Reset the wooden stake, Inverted and alongside the iron post and raise a flat mound 
of stone, II ft. dlam., around the cor. 

Land, gently rolling. 
Soil, stony clay. 
Timber, pine, oak, hickory and gum; undergrowth, young timber, vines and briers. 

Remainder of south boundary, and all of west boundary of township omitted here. 

Dependent Resurvey of the Sub divisional Lines, T. 1 S., R. 26 W., 5th 
Prin. Mer., Arkansas. 

Cham. Reestablishment of the Survey Executed by 
B. F. Owen, Deputy Surveyor, In 1845. 

From the cor. of sees. 35 and 36, on the S. bdy. of the Tp. 

N. 0°26' E., bet. secs. 35 and 36, marking and blazing the true line. 

Descend 45 ft. over N. slope, through field. 

11.111 Right bank of the Ouachita River, 135 lks. wide, course E. 

12. 50 Left bank of first channel; thence over island. 

14.60 Right bank of second channel, 120 lks. wide, course E. 

15.80 Left bank of second channel; acsend 85 ft. over S. slope to cor. 

33.411 Farm road, bears E. and W. 

40.08 The!4 sec. cor. of sees. 35 and 36, determined from the remains of the original bearing trees: 

A dim stump bole bears N. 64° W., 9 Ike. dlst. 

A dim stump hole bears S. 73° E., 191ks. dist. 

At the comt'r point 

Bet an iron post, 30 Cns. long, 2 Ins. diam., 26 Ins. In the ground, with brass cap mkd. 

from which 

! 
4 

S 351 S 36 
1943 

A white oak, 9 ins. dlam., bears N. 72Ho E., 50 lb. dlst., mkd. ~ B36 BT. 

A white oak, 15 Ins. diam., bears N. 59° W., 361ks. dlst., mkd. ~ 835 BT. 

A set stone, 12 x 12 x 12 Ins. above ground, bears N. 64° W., 2lka. dlst. 

N. 0°44' E., beginning new measurement. 

Over gently rolling upland. 

17.00 Descend 62 ft. over N. slope. 

28.10 Branch, course NE.; thence over levelland. 

29.09 Fence, bears E. and W.; ascend 30 ft. over 8. slope. 

39.00 Top of ascent; descend 5 ft. over N. slope to cor. 

40.26 The cor. of sees. 25, 26, 3.'5, and 36, which Is marked by an Iron peg, 12 x 1 J. ;i Ins., set 10 Ins. In 
ground. This peg was shown me by interested property owners and Is accepted as the 
best available evidence of the position of the original cor. 

At the comer point 

Dig ize b 
Original from 
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Chains

16.95

37.50

40.23

1.93

5.20

29.70

38.00

Set an iron post, 30 ins. long, 2 ins. diam., 25 ins. in the ground, with brass cap mkd.

TIS R26W

S26

S35

S 25

S36

19 43

from which

A cedar, 14 ins. diam., bears N. 80Â° E., 134H Iks. dist., mkd. TIS R26W S25 BT.

A red oak, 17 ins. diam., bears S. 44HÂ° E., 71 Iks. dist., mkd. TIS E26W S36 BT.

A white oak, 14 ins. diam., bears S. 61Â° W., 37 Iks. dist., mkd. TIS R26W S35 BT.

A white oak, 14 ins. diam., bears N. 3MÂ° W., 67 Iks. dist., mkd. TIS R26W S26 BT.

NW. cor. of pasture fence, bears S. 46Â° E., 11 Iks. dist.

Reset iron peg S. and alongside the iron post.

Raise a mound of stone, 3 ft. base, 2 ft. high, W. of cor.

Land, rolling hills.

Soil, stony elay.

Timber, pine, oak, hickory, maple, elm, gum, sycamore, and oedar; undergrowth, young

timber.

From the cor. of sees. 25 and 36, on the E. bdy. of the Tp.

S. WIV W., bet. sees. 25 and 36.

Ascend 65 ft. over rolling NW. slope, through field.

nighway No. 270, bears N. 48W W. and S. 48HÂ° E.; leave field and enter timber and under-

growth, edge bears NE. and SW.

Crest of spur, slopes SW.; descend 20 ft. over W. slope to cor.

The \i sec. cnr. of sees. 25 and 36 which is monnmented with an unmarked stone. 7i8i 18 ins.

set alongside the NE cor. of a fence. This cor. was shown me by interested property

owners and is accepted as the best available evidence of the position of the original cor.

At the corner point

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

S25

4-

S36

19 4 3

from which

A post oak, 8 ins. diam., bears N. 3Â° E., KM Iks. dist., mkd. H S25 BT.

An elm, 6 ins. diam., bears S. 53Â»Â° E.. 32 Iks. dist., mkd. H S36 BT.

S. 89Â° 26' W., beginning new measurement.

Ascend 20 ft. over E. slope, through scattering timber and undergrowth.

House, bears S. 28 Iks. dist.

Top of ascent; thence over rolling land descending 40 ft.; line follows near secondary road,

winding westward.

Creek, 15 Iks. wide, course S. 10Â° E.; ascend 30 ft. over E. slope.

Top of ascent; descend 8 ft. over NW. slope to cor.

DEPENDENT RESURVEY, T. 1 S., R. 26 W. 571 

Chain8 
Set an Iron post, 30 Ins. long, 2 Ins. dlam., 25 Ins. In the ground, with brass cap mkd. 

from which 

A cedar, 141m. dlam., bears N. SOo E., 13fH lb. dlst., mkd. TIS R26W S25 BT. 

A red oak, 17 Ins. dlam., bears S. 44~0 E., 7l1ks. dist., mkd. TIS R26W S36 BT. 

A white oak, 14 ins. diam., bears S. 61° W., 371ks. dlst., mkd. TIS R26W 835 BT. 

A white oak, 14 Ins. diam., bears N. 3~0 W., 671ks. dist., mkd. Tl8 R26W 826 BT. 

NW. cor. of pasture fence, bears S. 46° E., 11 Iks. dlst. 

Reset Iron peg S. and alongside the Iron post. 

Raise a mound of stone, 3 ft. base, 2ft. high, W. of cor. 

Land, roIling hills. 
Soil, stony clay. 
Timber, pine, oak, hickory, maple, elm, gum, sycamore, and uedar; undergrowth, youn!! 

timber. 

From the cor. of sees. 25 and 36, on the E. bdy. of the Tp. 

8.89°12' W., bet. sees. 25 Rnd 36. 

Ascend 65 ft. over rolling NW. slope, through field. 

16.95 IIighway No. 270, bears N. 48j.i° W. and S. 48j.i° E.; leave field and enter timber and under
growth, edge bears NE. and 8W. 

37. SO Crest of spur, slopes SW.; descend 20 ft. over W. slope to cor. 

40.23 The ~ ~ec. cor. of sees. 25 Rnd ali which Is monnmented with an unmarked stone. 7 x 8 x 18 Ins. 
set alongside the NE cor. of a fence. This cor. was shown me by interested property 
owners and is accepted as the best available evidence of the position of the original cor. 

A t the corner point 

Set an iron post, 30 ins. long, 2 ins. diam., 24 ins. In the ground, with brass cap mkd. 

S25 

*--
from which 

$36 
94"3 

A post oak, Sins. dlam., bears N. 30 E., 4n~ Iks. dist., mkd. ~ 825 BT, 

An elm, 6 ins. diam., bears S. 53~,0 E .. ~2 Iks. dist., mkd. ~ 836 BT. 

S. 890 26' W., beginning new measurement. 

Ascend 20 Ct. over E. slope, through scattering timber and undergrowth. 

1.93 House, bears S. 28lks. dist. 

11.20 Top of ascent; thence over rolling land descending 40 (t.; line follows near secondary road, 
winding westward. 

29.70 Creek, 15 Iks. wide, course S. 10° E.; ascend 30 ft. over E. slope. 

38.00 Top of ascent; descend S ft. over NW. slope to cor. 

Dig ize b 
Original from 
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Chains

40.09

0.24

0.88

27.60

40.57

6.00

19.05

34.37

40.10

The cor. of sees. 25, 26, 35, and 36.

Land, rolling hills.

Soil, stony clay.

Timber, pine, oak, hickory, and elm; undergrowth, young timber and dogwood.

N. 0Â°46' E., bet. sees. 25 and 26.

Over gently rolling land, crossing road.

Secondary road, winding E. and W.

Thence along a fence line, with hedgerow; old clearings E. and W.

Creek, course winding S. 20Â° E.; enter cleared land.

The point for M sec. cor. of sees. 25 and 26 on the center line of Highway No. 88 and in line

with a property line fence to the S. This is the position for the M sec. cor. according to

residents, who stated the road was constructed through the corner position; road bears

N. 89Â° E and S. 89Â° W.; it is accepted as the best available evidence of the position of the

original corner.

At the corner point

Bury a washed sandstone, 9x8x6 ins., 14 ins. in the ground, mkd. X.

from which

An iron post, 30 ins. long, 2 ins. diam., set 28 ins. in the ground, for a reference monument,

bears N. 48Â° W., 73 Iks. dist., with brass cap mkd. H S26 IiM 1945 and an arrow pointing

to the true corner.

An iron post, 3C ins. long, 2 ins. dism., set 20 ins. in the ground, for a reference monument,

bears S. 48Â° E., 73 Iks. dist., with tress cap mkd. H S25 RM 1945 and an arrow pointing

to the true corner.

N. 0Â°58' E., beginning new measurement.

Ascend 35 ft. over SW. slope.

Top of ascent; thence over gently rolling lend.

Intersection of roads bearing N. 74Â° E., S. 62Â° W., and N. along line.

Highway No. 270, bears N. 33Â°22' W. and S. 33Â°22' E.

The point for cor. of sees. 23, 24, 25, and 26, on the center line of a road, bearing N. and S..

and in line wiih property line fences to the E. end W. This is the position for the cor.

acccrdinp to statement of Charley Ballentine. a resident in the vicinity for many years;

it is accepted as the best evidence of the position of the original corner.

At the corner point

Bury a granite stone, 10 x 9 x 6 ins., 19 ins. in the ground, mkd. X.

from which

A granite boulder, 8i 4 x 9ft. above ground, bears N. 34Â°26' E., 63M Iks. dist., mkd. B+0,

6 ins. above the ground and near the SW. cor.

An elm, 7 ins. diam., bears S. XHÂ° E., 62 Iks. dist., mkd. T1S K.26W S25 BT.

A pine, 4 ins. diam., bears S. 51Â°36' W., 404 Iks. dist., mkd. T1S R26W S26 BT.

A mulberry, 4 ins. diam., bears N. 61Â°50' W., 203 Iks. dist., mkd. S23 BT.

Land, gently rolling hills.

Soil, stony clay.

Timber, scattering pine, oak, hickory and elm; undergrowth, young timber.

From the cor. of sees. 24 and 25, on the E. bdy. of the Tp.

S. 89Â°33' W., bet. sees. 24 and 25.

Over gently rolling upland, through timber and undergrowth.
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.... _----------------------------------
Chain, 

4U.09 The cor. of secs. 25, 26, 35. and 36. 

Land, roiling hUls. 
Soil, stony clay. 
Timber, pine, oak, hickory, and elm; undergrowth, young timber and dogwood. 

N. 0°46' E., bet. sees. 25 and 211. 

OYer gently rolling land, crossing road. 

0.24 Secondary road, winding E. and W. 

0.88 Thence along a fence line, with hedgerow; old clearings E. and W. 

27.50 Creek, cour:;e winding S. 20° E.; ent{'!' d('ared land. 

40.57 The point for H. ~e('. ('or. of sees. 25 and 26 on the renter line of Highway No. 88 and in line 
with a property line fence to the S. This is the position for the ~ sec. ror. accoMing to 
residents. who stated the road was constructed through the comer position; road bears 
N. 89° E ami S. 89° W.; it is actepte(1 as the best available evidence of the position of the 
original corner. 

6.00 

111.05 

34.37 

40.10 

At the Cartier point 

Bury a washed sandstone, 9 x 8 x 6 ins., 14 Ins. In the ground, mkd. X. 

from which 

An Iron post, 3(l ins. long, 2 Ins. diam., ~t 28 ins. in the ground, for a reference monument, 
hears N. 48° W., 73lks. dist., with brass cap mkd. ~ S26 RM 1945 and an arrow pointing 
to the truc comer. 

An iron r:)~t, 3C ins. hmg, 2 ins. rji<ln' .. SI'I 21", im. in the gronnd, for a reference monum('nl, 
b{'srs S. 4,<.° E., i3lks. dis\., with trc~" cap n'kd. H 825 RM 1945 and an arrow pointing 
to the tr{.;e comer. 

N. 0°58' E., beginning new mraSllf('Jr.('nt. 

Ascend 35 ft. oyer SW. slope. 

Top of as('ent; th('ncc oyer gently rollin", lr.nd. 

Intcr~ettioll of roads hl'nring N. 74° E., S. 62" W., and N. along line. 

Highway No. 2iO, benrs N. 33°22' W. ene 13. 33°22' E. 

The poinl for ('('I'. of srcs. 23, 24, 25, and 26. on the centrr lin(' of a road, bearing N. and 8 .. 
and in linl' Wiih property linc f('nces to the E. end W. 'I his is the pOSition for the cor. 
ncrcrdin, to stnt('Ir.l'nt of Charley BnllclItin .... a n'~idcnt in the vicinity for many years; 
it is accepted as the brst evidence of thc pOSition of the original comer. 

At the corner point 

Bury a granite stone, 10 :t 9 1 6 ins., 19 ins. in the ground, mkd. X. 

from which 

A gnmite bOllldrr, 6141 9ft. above gronnd, bears N. 34°26' E., 63~ Ike. diet., mkd. D+O, 
G ins. above the ground and near the S W. cor. 

An elm, 7 ins. dlam., bears S. se"o E., 621ks. dist., mkd. TIS R26W S2li BT. 

A pine, 4 ins. diam., bears S. 51°36' W., 404lks. dist., mkd. TIS R26W S26 BT. 

A mulberry, 4 ins. diam., bears N. 61°50' W., 203lks. dlst., mkd. 823 BT. 

Land. !trntly rolling hills. 
Soil. 5tony clay. 
Timber, scattering pine, oak, hickory and elm; undergrowth, young timber. 

From the cor. of secs. 24 and 25, on the E. My. of the Tp. 

S. 89°33' W., bet. sees. 24 and 2li. 

Over gently roll~ upland, through timber and undergrowth. 
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Chains

2J. 20

25.30

40.27

2.10

4.70

11.12

13.70

15.17

40.47

Draw, course S.

Crest of minor ridge, bears N. and P. 20Â° E.; descend 72 ft. over W. slope.

The ]4 see. cor. of sees. 24 and 25, marked by a large X chiseled on the SW. face of rough sur-

faced conglomerate boulder, 4 x 4 i 2 ft. above ground.

from which the remains of an original bearing tree:

A post oak stump, 20 ins. diam., bears N. 52Â° E., 16 Iks. dist.; this tree was cut recently

but was pointed out to me as the old bearing tree.

Chisel Yi on the W. side of the X.

from the X

A pine, 6 ins. diam., bears N. 40HÂ° E., 130 Iks. dist., mkd. H S24 BT.

A post oak, 6 ins. diam., bears S. 70HÂ° E., 139H Iks. dist., mkd. Ji S25 BT.

Raise a mound of stone, 4 ft. base, 2 ft. high, N. of cor.

S. 88Â°44' W., beginning new measurement.

Over gently rolling land, through scattering timber and undergrowth.

House, bears N., 1.00 ch. dist.

Enter road right of way curving from N. to W.

Bridge over Hackberry Creek, 48 Iks. wide, course S.

Leave road, curving SW. from E.

Leave road right of way; enter field, bears N. and S.

The cor. oi sees. 23, 24, 25, and 2G.

Land, rolling and gently rolling hills.

Soil, stony clay.

Timber, pine, op.k, and hickory; under growth, young timber and dogwood.

Remainder of the subdivisional notes omitted.

Note.â��On ceeh mile clong the north boundary of the township, which is the base line of

the Fifth Prin. Mer., and on each mile of the wrst boundary, new quarter-section comers of

minimum control for the sections of T. 1 S., R. 20 W., are established; the positions are deter-

mined by proportionate rrecsurcment as based upon the representations of the original plat.

The descriptive statements are given for two cors.

The point for the \i sec. cor. of sec. 4 on the N. bdy. of the Tp. is at proportionate distance as

based upon the original plat and falls in a graded road which bears N. 89Â° 08' W., and S

S9Â°08' K.

At the corner point

Bury a sandstone 14 x 10 x 6 ins., 12 ins. under the ground.

from which

An iron post, 30 ins. long, 2 ins. diam., set 24 ins. in the ground, for a reference monument,

bears NORTH, 40 Iks. dist., with brass cap mkd. RM 1943 and an arrow pointing lo

the true cor.

An iron post, 30 ins. long, 2 ins. diam., set 24 ins. in the ground, for a reference monument

bears SOUTH, 40 Iks. dist., with brass cap mkd. Yi S4 RM 1943 and an arrow pointing

to the cor.

From this corner the standard comer of sees. 32 and 33, T. 1 N., R. 26 W., which is an ir n

post, 2 ins. diam., firmly set in ground and mound of stone, with brass cap marked w d

witnessed as described in the official record, bears S. 89Â°08' E., 1.29 chs. dist.

The point for the W. Yi sec. cor. of sec. 31 is at midpoint and on the W. bdv. of the To.

Claain8 
~.20 

211.30 

40.'1:1 
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Draw, course S. 

Crest of minor ridge, bears N. and 8. 20C E.; descend 72 ft. over W. slope. 

The l« Be<'. cor. of sees. 24 and 211, markt'd by a large X chiseled on the SW. face of rough sur· 
farea conglomerate boulder, 4 x " x 2 ft. above ground. 

from which the remains of an original bearing tree: 

A post oak stump, ::0 Ins. dlam., bears N. 62c E., 161ks. dlst.; thia tree Will! cut recently 
but W88 pointed out to me 88 the old bearing tree. 

Chisel ~ on the W. aide of the X. 

trom the X 

A pine, 6 ins. dlam., bears N. 40~c E., 130 Iks. dist., mkd. 14 824 BT. 

A post oak, 6 ins. dlanl., bears S. 70~c E., 139~ Iks. dlst., mkd. ~ 8211 BT. 

Ralse a mound of stone, 4ft. base, 2 ft. high, N. of cor. 

S. 88°44' W., beginning new measurement. 

Over gently ro))fng land, through scattering timber and undergrowth. 

2.10 House, bears N., 1.00 ch. dist. 

4. 70 Enter road right of way curving from N. to W. 

11.12 Bridge over Hackberry Cr('('k, 48 lks. wide, course B. 

13.70 Leave road, curving S\\". from E. 

16.17 Leave road right of way; enter field, bears N. and B. 

40.47 The cor. of sees. 23, 24, 211, and 26. 

Land, rolling and gently rolling hills. 
floil, stony clay. 
Timber, pine, oak, and hickory; under growth, young timber and dogwood. 

Remainder of the subdivisionsl notes omitted. 

NflTE.-On I'Pch milc along the north bounclsry of the township, which Is the base line of 
the Fifth Prin. Mer., and on each mlle of tbl' \H~t boundary, new quarter-section comers of 
minimum conh c1 for thf' ~('ctl(oJ;s of 1'. 1 S., R. ~() W., Rre establishf'd; the positions are d('ter
mint'd by proportionllte I1'rr.~lm ILrnt AS basrd upon the representations of the original plat. 
Th(' descriptive stateml'nts al'l' Idven for two corso 

The point for the ~ sec. cor. of S(,C. 4 on the N. brly. of the Tp. Is lit proportionate distance 88 
based upon the original plat and falls in a gradtld road which beaTS N. 89° OS' W., and S 
89°08' E. 

A t the comer point 

Bury a sandstone 14 ]( 10 ]( 6 ins., 12 Ins. under the ground. 

from which 

An Iron post, 30 ins. long, 2 ins. dlRm' j set 241m. in the ground, for a rt'ference monument, 
bears NORTH, 40 lks. dlst., with orass cap mkd. RM 1943 and an arrow pointing to 
the true ('or. 

An Iron post, 30 Ins. long, 2 ins. dlam., set 24 ins. in the ground, for a reference monumell '" 
bears !:'OUTH, 40 Iks. dlst., with hrass cap mkd. ~ 84 RM 1943 and an arrow oolm.i"ll 
to the cor. 

From this comer the standard comer of sees. 32 and 33, T. 1 N., R. 26 W., which is an ir ·n 
post, 2 Ins. di8m., firmly set in ground and mound of stone, with brass cap marked ar r1 
witnessed as described In the official record, bears S. 89°OS' E., 1.29 chs. dist. 

'l'be pointfor the W. ~ sec. cor. of sec. 3111 at midPoint and on the W. Mv. nftbe To. 
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C/Min.'

At the corner point

Set an iron post, 30 ins. long, 2 ins. diam.,

i ins. in the ground, with brass cap mkd.

5-S 31

I 943

from which

A pine, 5 ins. diam., bears N. 37HÂ° E., 41 Iks. dist., mkd. H S31 BT.

A post oak, 9 ins. diam., bears S. 31>iÂ° E., 7H Iks. dist., mkd. X S31 BT.

From this corner the H sec. cor. of sec. 36, T. 1 8., R. 27 W., bears S. 0Â°35' W., 0.36 chs. dist.

574 MANUAL OF SURVEYING INSTRUCTIONS 

At the comer point 

Set an Iron post, 30 Ins. long, 2 Ins. diam., 26 Ins. In the ground, with brass cap mtd. 

from which 

Its 31 

1943 

A pine, 5 Ins. dlam., bears N. 37~0 E., 411ks. dlst., mkd. ~ S31 BT. 

A post oak, Dins. dIam., bears S. 31~0 E., 7~ lks. dist., mkd. ~ S31 BT. 

From this comer the ~ sec. cor. of sec. 36, T. 1 R., R. 27 W., bears S. 0°35' W., 0.36 chs. dlSt. 
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Appendix X

SPECIMEN

FIELD NOTES

MINERAL SURVEY NO. 20220 A AND B

COLORADO

FIELD NOTES

OF THE SURVEY OF THE MINING CLAIM OF

THE GOLD MINING COMPANY

KNOWN AS THE JIM DANDY, PRINCE, AND

PROTECTOR LODES AND DUMP MILL SITE

Cottonwood Mining District, Chaffee County

Pueblo Land District

Sections 7, 8, 17, and 18, Township 16 South, Range 80 West, of the

Sixth Principal Meridian

Surveyed by H. B. SANDS, Mineral Surveyor, under order dated

April 9, 1945

Survey commenced May 10,1945; completed May 14,1945.

Address of claimant's agent, John Jones, 561 Foster Building, Denver,

Colo.

Dates of amended locations: Protector lode, June 16, 1944; Prince lode,

August 10,1944.

Dates of locations: Jim Dandy lode, July 26, 1932; Dump Mill Site, August

10,1944.
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FIELD NOTES 

OF THE SURVEY OF THE MINING CLAIM OF 

THE GOLD MINING COMPANY 

KNOWN AS THE JIM DANDY, PRINCE, AND 

PROTECTOR LODES AND DUMP MILL SITE 

Cottonwood Mining District, Chaffee County 

Pueblo Land District 

Sections 7, 8,17, and 18, Township 16 South, Range 80 West, of the 
Sixth Principal Meridian 

Surveyed by H. B. SANDS, Mineral Surveyor, under order dated 
April 9, 1945 

Survey commenced May 10,1945; completed May 14, 1945. 

Address of claimant's agent, John Jones, 561 Foster Building, Denver, 
Colo. 

Dates of amend ed locations: Protector lode, June 16, 1944; Prince lode, 
August 10, 1944. 

Dates of locations: Jim Dandy lode, July 26, 1932; Dump Mill Site, August 
10,1944. 
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Survey No. 20220 A and B

Feet

170.28

301.3

370.28

456. 67

576

This survey was made with a transit No , with horizontal limb 5.65 ins.

diam., having two double opposite verniers, and Cull vertical circle 5 ins. diam., having one

double vernier; the verniers read to one minute of arc; the eyepiece is equipped with a colored

shade set in the dust shutter for. making direct observations upon the sun. The instrument

was in good condition at the time of the survey and all adjustments were in good order.

All azimuths in this record were determined by the method of deflection angles referred to

the meridian determined by the following observation:

May 10, 1945, at cor. No. 1 of the Jim Dandy lode, in latitude 3SÂ°45' N., and longitude

106Â°20' W.t I make a series of six altitude observations upon the sun for azimuth at approxi-

mately equal time intervals, three each with the telescope in direct and reversed positions,

observing opposite limbs of the sun, and reading the horizontal angle from a reference point

about 600 ft. southward SE. to the sun.

Mean time of observation, 105th meridian standard time ""SMS01 a. m.

Declination of sun at mean time of observation â��17Â°38' N.

Mean observed vertical angle to sun's center â��37Â°47'

Mean horizontal angle from reference point to sun's eenter-"74o10' 8-E.

True bearing to reference point â��8. 8Â°20' E.

The lines were measured with a steel tape 300 feet in length, graduated every

foot for 100 ft., and the remainder at intervals of 10 ft.; and a steel tape 10 feet in

length, graduated to feet, tenths and hundredths; both tapes were compared with a _

standard at the time of beginning the survey, and found correct.

All lines and connections of this survey were run by direct methods where the lines are

accessible; the inaccessible lines were run by traverse methods, as shown by the calculation

sheets herewith submitted.

The magnetic declination observed at each corner of the survey gave a uniform value of

15Â°30' E.

Survey No. 20220 A

JIM DANDY LODE

At cor. No. 1 of the Jim Dandy lode, identical with cor. No. 1 of the Prince lode of this survey.

Bet a ?ranlte stone, 26 x 1C x 8 ins., 14 ins. in the ground to bedrock, surrounded by a mound

oi stone to top. mkd. J Dâ��lâ��PEIâ��1â��20220 A; from which

The cor. of sees. 7, 8, 17, and 18, T. IB S., R. 80 W., 6th Prin. Mer., bears S. 6.V40' W.,

212.6 ft. dist.; an iron post, 2 ins. diam., 12 ins. above ground, firmly set, marked and

witnessed as described in the official record.

Cor. No. 1 Sur. No. 19557 Alley lode bears N. .WW W., 360 ft. dist.

Cor. No. 1 Sur. No. 191421. X. L. lode, claimant herein, bears S. 49Â°4S' W., 642.7 ft. dist.

Cor. No. 3 Sur. No. 18837 C. C. D. lode bears N. 58Â°4.V E., 208.47 ft. dist.

A yellow pine. 14 ins. diam., bears N. 10Â°00' E., 38.3 ft. dist., mkd. J D 1-20220 A B T.

A distant peak, known as Darren Mt., bears N. 65Â°57' W.

Thence X. 28Â°50' W.

Intersect line 3-4 Sur. No. 19142 I. X. L. lode at a point from which cor. No. 3 bears N fllÂ°27'

E..X71.43ft. disl.

Lode line; discovery point bears N. 50Â°23' E., 496 ft. dist.

Intersect line 4-1 Sur. No. 19557 Alley lode at a point from which Cor. No. 4 bears N. 44Â°30/ E.,

1,332.42 ft. dist.

Intersect line 4-1 Protector lode of this survey.

Fed 

Survey No. 20220 A and B 

This survey was made with a ___________ transit ~o. _____ , with horlwntalllmb ~.M Ina. 
dlam., having two double opposite verniers, and full vertical circle 5 ins. dlam., having one 
double vernier; the verniers read to one minute of arc; the eyepiece Is equipped with a colored 
shade set In the dust shutter for making direct observations upon the sun. The Instrument 
was In good condition at the time of the survey and all adjustments were In good order. 

All azimuths In this record were determined by the method of defiectlon angle!! referred to 
the meridian determined by the following observation: 

May 10, IIH5, at cor. No. I of the Jim Dandy lode, In latitude 3s045' ~ _, and longitude 
l()6°W' W., I make a series of six altitude observations upon the sun for azimuth at approxl
matply equal time Intervals. three each with the telescope In direct and rever!ed positions, 
observing opposite limbs of the sun, and reading the horllOntal angle from a ref&ence pelnt 
about 600 ft. southward BE. to the sun. 

Mean time of observation, l05th meridian standard time -ShU,. a. m. 
Declination of sun at mean time of oblwrvatlon _17°38' N. 
Mean observed vertical angle to suo's center -37°47' 
Mean horizontal angle from reference point to sun's center-74°10' B-E. 
True bearing to reference point -So 8°20' E. 

The lines were measured with a _ _ _ _ _ _ _ _ _ _ _ _ steel tape 300 feet In length, graduated every 
foot for ]00 ft., and the remalnder at Intervals of 10 ft.; and a ____________ steel tape 10 feet In 
length, graduated to feet, tentbsand hundredths; both tapes were compared with a ________ .. _ 
standard at the time of beginning the survey, and found correct. 

All lines and connections of this survey were run by direct methods where the lines are 
accessible: the inaccessible lines were run by traverse methcds, as shown by the calculation 
sheets herewith submitted. 

The magnetic declination observed at each corner of the survey gave a unUorm value of 
15"30' E, 

Survey No. 20220 A 

JIM DANDY LODE 

At cor. No.1 of the Jim Dandy lode, Identical with cor. No. lofthe PrInce lode of this survey_ 

Set R rrallite stonc, 26 x Ie x Bins., 14 Ins. in the ground to bedrock, surrounded by a mound 
oi stone to top. rukd. J D-I-PRI-I-20220 A; from which 

The cor. of sees. 7, 8, 17, and IS/ T. III S., R. ~n W., 6th Prln. Mer., bears 8. MO~O' W .. 
212.5 ft. dlst.: an Iron post: 2 inS. diam_, 12 illS. above ground, firmly set, marked and 
witnessed as descrlbf'd In toe officilll rl'oord. 

Cor. No.1 Sur. No. 1955i Alley lodl' bears N. MOI9' W., 360 ft. dlst. 

Cor. No.1 Sur. No. 19142 I. X. L. l(lde, rlalmnnt herein, bears S. 49°J!I' W., 642.7 ft. dlst. 

Cor. No.3 Sur. No. 188.17 C. C. D. lode bears N. 58°4'1' E., 2OS.47 ft. dlst. 

A yellow pine. 14 Ins. dlam., bears N. 10°00' E., 38.3 ft. dist., mkd.1 D 1-20220 A B T. 

A distant pt'8k, known a.q Barren Mt., bears N. [,5°57' W. 

Thence N. 2!i°50' W. 

170.2S IntprS('l't line 3-4 Sur. No. 191421. X. L. lode at a point from which cor. No.3 bears N. 61°27' 
E., 1\7\.43 ft. dis!. 

301.3 Lodp line; discovery point b('ars N. 50°23' E., 496 Ct. dist. 

370.28 Inters('ct line 4-1 Sur. No. 19:;57 Alley lode at a point Crom which Cor. No.4 bears N. «030' E., 
1,332.42 Ct. !lIst. 

~ 67 Intersect line 4-1 Protector lode of this survey. 
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Feet

635. 9

679. 32

1,150.19

1, 230. 73

1, 291. 67

1, 500.0

234.6

241.9

99.66

612.92

1,500.0

267.95

370.28

456.67

535.9

215.3

356

Cor. No. 2, Identical with Cor. No. 2 of the Prince lode of this survey.

Set a white oak post, 30 ins. long, 5 ins. so,., 24 ins. in the ground, and in a mound of stone,

mkd. J D-2-PKI-2-20220 A; from which

A granite rock in place, 34 i 46 ins., 26 ins. above the ground, bears S. 24Â°0O' E., 10.5 ft.

dist., mkd. X B O-J D-2-20220 A.

Thence N. 50Â°23' E.

Intersect line 3-4 Protector lode of this survey.

Intersect line 4-1 Sur. No. 20062 Copper lode at a point from which Cor. No. 4 bears S. 59Â°25'

E., 94.5 ft. dist.

Intersect line 1-2 Sur. No. 12071 Major lode at a point from which Cor. No. 2 bears S. ll'W

E., 101.3 ft. dist.

Intersect line 3-4 Sur. No. 19557 Alley lode at a point from which Cor. No. 4 beari 8. 45Â°30'

L., 26.31 ft. dist.

Cor. No. 3.

On line 3-4 Sur. No. 20002 Copper lode.

On granite bedrock outcrop, even with the general surface, point for Cor. No. 3, mkd. X-J

D-3-20220 A; from which

Cor. No. 4 Sur. No. 20062 Copper lode bears S. 34Â°45' W., 330.0 ft. dist.; identical with

Cor. No. 2 Sur. No. 12071 Major lode.

A silver spruce, 16 ins. diam., bears N. 40Â°00' E., 47.0 ft. dist., mkd. J D 3-20220 A B T.

Thence S. 28Â°50' E.

Lode line; discovery point bears S. 50Â°23' W., 1,004 ft. dist.

Intersect line 2-3 Sur. No. 12071 Major lode at a point from which Cor. No. 2 bears S. 79Â°0O'

W., 310.46 ft. dist.

Intersect line 1-2 Sur. No. 19910 Golden lode, claimant herein, at a point from which Cor. No.

1 bears S. 47Â°12' W., 620.0 ft. dist.

Cor. No. 4.

This corner falls on a rock slide where a permanent monument can not be established; from this

point Cor. No. 1 Sur. No. 19910 Oolden lode bears S. 59Â°26' W., 601.9 ft. dist.

Thence S. 50Â°23' W.

A point on top of a granite bowlder, 261 48 ins., 36 ins. above ground, for witness Cor. No. 4,

mkd. X-W C-J D-4-20220 A.

Intersect Cor. No. 3 Sur. No. 191421. X. L. lode established on line 6-1 Sur. N o. 19910 Oolden

lode at a point from which Cor. No. 1 bears N. 28Â°33' W., 96.46 ft. dist.

Cor. No. 1, and place of beginning.

PRINCE LODE

Beginning at Cor. No. 1 of the Prince Lode, identical with Cor. No. 1 of the Jim Dandy lode

of this survey.

Thence N. 28Â°50' W.

Intersect line 3-4 Sur. No. 191421. X. L. lode at a point from which Cor. No. 4 bears S. 61Â°27'

W., 628.57 ft. dist.

Lodo line; discovery point bears S. 42Â°25' W., 849 ft. dist.

Intersect line 4-1 Sur. No. 19557 Alley lode at a point from which Cor. No. 1 boars S. 44Â°30'

W., 167.58 ft. dist.

Intersect line 4-1 Protector lode of this survey.

Cor. No. 2, identical with Cor. No. 2 of the Jim Dandy lode of this survey.

Thence S. 41Â°58' W.

Intersect line 1-2 Sur. No. 19557 Alley lode at a point from which Cor. No. 1 bears 8. 45Â°30'

Â£., 149.14 ft. dist.

Center of road, bean N. 15Â° W. and 8.15Â° E.

SURVEY NO. 20220 A 577 

Feet 
636. 9 Cor. NO. 2, Identical with Cor. No.2 o( the Prince lode octhls survey. 

Set a white oak post, 36 Ins. long, Ii Ins. Slj., 24 ins. in the ground, and in a mound of stone, 
mkd. J D-2-PRI-2-3:l220 A; trom which 

A granite rock In place, 34 x 46 Ins., 26 Ina. above tht' ground, bear!! 8. ~0OO' E., 10.5 Ct. 
dlst., mkd. X B O-J D-2-20220 A. 

Thence N. 60°23' E. 

1179.32 Intersect line H Protector lode o( this survey. 

1, 160. 19 Intersect line .... l Bur. No. 3lO62 Copper lode at a point from which Cor. No.4 bears B.6go25' 
E., 94.5 (t. dlst. 

1,230.73 Intersect line HI Sur. No. 13)71 Major lode at a point from which Cor. No.2 bears S. 11"00' 
E., 101.3 It. dlst. 

1,291. 67 Intersect line 3-4 Sur. No. 19557 Alley lode at a point from which Cor. No. 4 bean S. 4/i0 3O' 
L., 26.31 Ct. dlst. 

1,600.0 Cor. No.3. 

On line H Sur. No. 20062 Copper lode. 

On ,ranlte bedrock outcroP. even with the general surface, point for Cor. No. 3, mkd. X-J 
D-3-3:l220 A: (rom which 

Cor. No.4 Sur. No. 3)()62 Copper lode bears 8. 34°45' W., 330.0 ft. dlst .: identical with 
Cor. No.2 Sur. No. 12071 Major lode. 

A IIlver spruce. 111 Ins. dlam., bears N . 40°00' E., 47.0 ft. dist., mkd. 1 D 3-3:1233 A B T. 

Thence S. 28°/0' E. 

234. II Lode line: dilroOvery point bears S. 60°23' W., 1,004 ft. dlst . 

241. 0 Intersect line 2-3 Sur. No. 12071 Major lode at a point from which Cor. No.2 bears S. 79°00' 
W., 310.46 It. dist. 

404.6 Intersect line 1-2 Sur. No. lrolO Golden lode, claimant herein, at a point from which Cor. No. 
1 bears S. 47°12' W., 620.0 ft. dlst. 

636. 9 Cor. No.4. 

This comer Calls on a rock slide where a permanent monument can not be established; from thIs 
point Cor. No. 18ur. No. 19910 Golden lode bears S. 59°26' W., 601.9 ft . dist. 

Thence S. 60°23' W. 

99. M A point on top of a granite bowlder. 26 x 48 ins., 361ns. above ground, Cor witness Cor. No.4-
mkd. X-W C-J D+20220 A. 

612. 92 Inter~ct Cor. No.3 Sur. No. 19142 I. X. L.lode establbhed on line &-1 Sur. No. 19910 Golden 
lode at a point from which Cor. No.1 bears N. 28°33' W., 96.46 (t. dlst. 

1, 600. 0 Cor. No.1, and place of beginning. 

PRINCE LODE 

BeginnJnr at Cor. No.1 of the Prince Lode, Identical with Cor. No.1 01 the Jim Dandy lode 
01 thla survey. 

Thence N. 28°50' W. 

170.28 Intersect line H Sur. No. 191421. X . L . lode at a point from which Cor. No. 4 he&nlS. 61°27' 
,W., 628.67 Ct. dlst. 

267.95 Lodo line; discovery point bears S. 42"25' W., 849 (t. dist. 

370.28 Intersect line .... 1 Sur. No. 101i57 Alley lode at a point from which Cor. No.1 boars S. 44"30' 
W., 167.68U. dlst. 

4Ii6. 67 InterJect line .... 1 Protector lode oC this survey. 

535. 9 Oor. No. 2, Identical with Cor. No.2 of the 11m Dandy lode oC this survey. 

Thence S. 41°68' W. 

216.1 Intersect line 1-2 Bur. No. 101i1i7 Alley lode at a point from which Oor. No. 1 bears B. 4/i0 3O' 
E., 1~.14 ft. dlat. 

3111 Center olro.d, bearI N.lIie W. and S.lIio E. 
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MANUAL OF SURVEYING INSTRUCTIONS

Feet

598.76

766.32

801

930

1,6040

255.45

331.8

220.0

480

865

772

880.0

1,084.8

1,108

1,237.6

1,331.0

1,494.9

245.44

Intersect line 1-2 Sur. No. 4923 IdclU lode at a point from which Cor. No. 1 bears N. 24Â°48'

E., 399.35 ft. dist.

Intersect line 4-1 Protector lode of this survey.

Left bank of Chalk Creek, 18 ft. wide, course S. 42" E.

Road, bears N. 40Â° W. and S. 40Â° E.

Cor. No. 3.

Set a schist rock, 28 x 10 x 6 ins., IS ins. in the ground, mkd. PRI-3-20220 A; from which

A silver spruce, 14 ins. diam., bears N. lOW E., 15.0 ft. dist., mkd. PRI-3-20220 A B T.

A yellow pine, 26 ins. diam., bears S. 45Â°00' E., 22.0 ft. dist., mkd. PRI-3-20220 A B T.

A corner of the location bears N. 2SÂ°50' W., 12.5 ft. dist.

Thence S. 2SÂ°50' E.

Lode line; discovery point bears N. 42Â°25' E., 651 ft. dist.

Intersect line 1-2 Sur. No. 4923 Idella lode at a point from which Cor. No. 1 bears N. 24Â°48'

E., 1,461.0 ft. dist.

Cor. No. 4.

Set a brass tablet, 3M ins. diam., 3H in. stem, in a concrete post, 24 ins. long, 6 ins. sq., 16 ins.

in the ground, with top mkd. PRI-4-20220 A; from which

Cor. No. 2 Sur. No. 4923 Idella lode bears N. 38Â°50' W., 157.72 ft. dist.

A point on granite bedrock outcrop, even with the general surface, bears S. 26Â°00' E.,

20.0 ft. dist., mkd. XBO-PRI-4-20220 A.

A corner of tho location bears S. 28Â°50' E., 16.1 ft. dist.

Thence N. 43W E.

Cor. No. 2 Dump Mill Site of this survey.

Creek, 2 ft. wide, course North.

Road, bears N, 55Â° W. and S. 55Â° E.

Right bank of Chalk Creek, 16 ft. wide, course S. 47Â° E.

Cor. No. 1 Dump Mill Site of this survey.

Intersect line 1 -2 Sur. No. 191421. X. L. lode at a point from which Cor. No. 1 bears S. 61Â° 27'

W., 240. 5 ft. dist.

Road, bears N. 42Â° \V. and S. 42Â° E.

Intersect the line bet. sees. 17 and 18, at a point from which the cor. of sees. 7, 8, 17, and 18,

bears North, 68. 3 ft. dist., previously described.

Enter T. & S. Entry No. 2614.

Intersect the line bet. 8 and 17, at a point from which the cor. of sees. 7, 8,17, and 18, bears

N. 89Â°59' W.,63.7ft. dist.

Leave T & S. Entry No. 2614.

Cor. No. 1, and place of beginning.

PROTECTOR LODE

Beginning at Cor. No. 1 of the Protector Lodeâ��

A point on top of a granite rock in place, 14 x 56 ins., 18 ins. above ground, mkd. X -PRO-1 -

20220 A; from which

The cor. of sees. 7, 8, 17, and 18, bears N. 88Â°16'E., 640.1 ft. dist.; previously described.

Cor. Nos. 1 of the J im Dandy and the Prince lodes of this survey bears N. 80Â°19' E., 827.1

ft. dist.

Thence N. 42Â°11' W.

Intersect line 3-4 Sur. No. 4923 Idella lode at a point from which Cor. No. 4 bears N. 24Â°48' E.,

518.26 ft dist

578 MANUAL OF SURVEYING INSTRUCTIONS 

Feet 
598.76 Intersect lme 1-2 Sur. No. 4923 Idell.llode at a point Crom which Cor. No.1 bears N. 24°48' 

E., 399.35 ft. dist. 

766. 32 Intersect line 4-1 Protector lode of this survey. 

891 Left bank of Chalk: Creek, 18 ft. wide, course S. 4~ E. 

roo Road, bears N. 40° W. and S. 40° E. 

I, Ii04. 0 Cor. No.3. 

Set a schist rock, 28:t 10 x 6 ins., 18 ins. in the ground, mkd. PRI-3-20220 A; from which 

A silver spruce, 14 ins. diam., bears N. 10°00' E., 15.0 ft. dist., mkd. PRI-3-20220 A B T. 

A yellow pine, 26 ins. diam., bears S. 45°00' E., 22.0 ft. dist., mkd. PRI-3-20220 A B T. 

A corner of the location bl'ars t\. 28°50' W., 12.5 ft. dist. 

Thence S. 28°50' E. 

255.45 Lode line; discovery point bear~ N. 42°25' E., 651 ft. dlst. 

331. 8 Int('rsect line 1-2 Sur. No. 4923 Idella lode at a point from which Cor. No.1 bears N. :M0 48' 
E., 1,461.0 ft. dist. 

flJ7. 3 Cor. NO.4. 

220.0 

480 

772 

880.0 

1,084.8 

1, lOS 

1,237.6 

Set a brass tablet, 3W ins. diam., 3li In. stem, In 8 concrete post, 24 ins. iong, 6 ins. sq., 16 ins. 
In the ground, with top mkd. PRI+20220 A; from which 

Cor. No.2 Rur. No. 4923 Idell'llode bears N. 3~°5O' W., 157.72 It. dlst. 

A point on granite bl!drock outcrop, even with the gl'neral surface, hears B. 26°00' E., 
20.0 ft. dist., mkd. XBO-PRI-4-20220 .-\. 

A corner of tho location bear!' S. 28°50' E., 16.1 ft. dlat. 

Thence N. 430 00' E. 

Cor. No.2 Dump Mill Site of this survey. 

Creek, 2 ft. wide, course North. 

Road, bears N .. 55° W. and S. 55° E. 

Right bank of Chalk Creek, 16 ft. wide, course S. 47° E. 

Cor. No.1 Dump Mill Site of this survey. 

Intersect line 1·2 Sur. No. 19142 L X. L. lode at a point from which Cor. No.1 bears B. 610 71' 
W., 240. 5 ft. dlst. 

Road, bears N. 4~ W. and S. ~ E. 

Intersect the line bet. sees. 17 and 18, at a point from which the cor. of sees. 7,8,17, and 18, 
bears North, 68. 3 ft. dlst., previously described. 

Enter T. & S. Entry No. 2614. 

1,331.0 Inters('ct the line bet. 8 and 17, at a point from which the cor. of sees. 7,8, 17. and 18, bears 
N. 89°59' W. , 63. 7 ft. dlst. 

Leave T & S. Entry No. 2614. 

1,494.9 Cor. No.1, and place of beginning. 

PROTECTOR LODE 

Beginning at Cor. No.1 of the Protector Lode-

A point on top of a granite rock In place, 14 :r. 66 ins., 18 Ins. above ground, wd. X ·PRO ·1· 
20220 A; from which 

The cor. of sees. 7, 8, 17, and 18, bears N. 88°16'E., 640.1 ft. dist.; previously described. 

Cor. Nos. 1 of the Jim Dandy and the Prince lodes of this survey bears N. 80°19' E., 877.1 
ft. dist. 

Thence N. 42°11' W. 

:M5.44 Intersect line 3-4 Sur. No. 4923 Idella lode at a point Crom which Cor. No.4 bears N. :M°48' E., 
518.26 ft. dist. 
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SURVEY NO. 202 2 0 A
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Feet

300

310

COO.O

70

667.88

626

1390.0

1,600.0

40

280.77

300.0

342.02

563.3

600.0

696.94

889.61

1,061

1,312.10

1,431.05

1,500.0

Lode lino; discovery point bears N. 47Â°49' E., 73 ft dist

Left bank of Chalk Creek, 20 ft. wide, course S. 2Â° E.

Cor. No. 2.

Set a galvanized iron post, 3 ft. long, 2 ins. diam., 24 ins. in the ground, with brass cap mkd.

PRO-2-20220 A; from which

Cor. No. 4 Sur. No. 4923 Idella lode bears N. 65Â°29' E., 500.6 ft. dist.

Cor. No. 2 Sur. No. 20100 Silver lode, claimant herein, bears N. 39Â°44' E., 381.6 ft. dist.

A yellow pine, 12 ins. diam., bears N. 20Â°00' W., 35.0 ft dist., mkd. PRO -2-20220 ABT.

A yellow pine, 14 ins. diam., bears S. 51Â°00' W., 22.0 ft dist., mkd. PRO -2-20220 ABT.

Thence N. 47Â°49' E.

Right bank of Chalk Creek, 19 ft. wide, course S. 30Â° E.

Intersect line 1 -2 Sur. No. 20100 Silver lode at a point from which Cor. No. 2 bears S. 64Â°26' W.,

187.91 ft. dist.

Road, bears N. 22Â° W. and S. 22Â° E.

A point 5 ft above the base of a granite cliff, 120 ft. high, facing S. 10Â° E., for witness Cor.

No. 3, mkd. X-WC-PRO-3-20220 A.

Cor. No. 3.

This corner falls at an inaccessible point on the cliff, described above, where a monument can

not be established.

Thence S. 42Â°ir E.

Base of cliff, bears N. 82" E. and 8. 80" W.

Intersect line 1-2 Sur. No. 20100 Silver lode at a point from which Cor. No. 2 bears 8. 64Â°25'

W., 1,170.98ft dist.

Lode line; discovery point bears S. 47Â°49'W., 1,427 ft. dist.

Intersect line 2-3 Sur. No. No. 19557 Alley lode at a point from which Cor. No 2 bears 8. 44*30

W., 903.05 ft dist

Intersect line 2-3 Jim Dandy lode of this survey.

Cor. No. 4

Set a granite stone, 25 x 10 x 9 ins., 16 ins. in the ground, mkd. PRO-4-20220 A; from which

Cor. No. 4 Sur. No. 19557 Alley lode bears N. 48Â°28' E., 613.35 ft. dist

No local bearing objects or bearing trees available.

Thence 8. 47Â°49' W.

Intersect the common line 1 -2 Jim Dandy and Prince lodes of this survey.

Intersect line 1 -2 Sur. No. 19557 Alley lode at a point from which Cor. No. 2 bears N. 45Â°30'

W.,206.06ft. dist

Road, bears N. 15Â° W. and 8. 15" E.

Intersect line 1 -2 Sur. No. 4923 Idella lode at a point from which Cor. No. 1 bears N. 24Â°48' E.,

440.63 ft dist

Intersect line 2-3 Prince lode of this survey.

Cor. No. 1, and place of beginning.

SURVEY NO. 20220 A 579 

-------------------------------------------------------------------
Feet 
300 Lode line; discovery point bears N. 47°49' E. , 73 ft. dlst. 

310 Left bank of Chalk Creek, 20 ft. wide, course S. 2" E. 

600.0 Cor. No. 2. 

Set a galvanized Iron post, 3 ft. long, 2 Ins. diam., 24 Ins. in the ground, with brass cap mltd. 
PRO -2-20220 A; from which 

Cor. No.4 Sur. No. 4923 Idella lode bears N. 65°29' E. , 500.6 ft. dlst. 

Cor. No.2 Sur. No. 20100 Silver lode, claimant herein, bears N. 39°«' E., 381. 6 ft. dlst. 

A yellow pine, 12 ins. diam., bears N. 20°00' W., 35.0 ft. dlst., mkd. PRO -2-20220 ABT. 

A yellow pine, H Ins. diam., bears S. 51°00' W. , 22.0 ft. dlst., mkd. PRO -2-20220 ABT. 

Thence N. 47°49' E. 

70 Right bank of Chalk Creek, 19 ft. wide, course S. 30° E. 

567.88 Intersect line 1-2 Sur. No. 20100 Sliver lode at a point from which Cor. No.2 bears S. 64°:M' W., 
187. 91 ft. dlst. 

625 Road, bears N. 22" W. and S. 22" E. 

131lO.0 A point 5 ft. above the base of a granite clift, 120 ft. high, facing S. 10° E. , for witness Cor. 
No.3, mkd. X-WC-PRO-3-20220 A. 

1,500.0 Cor. No.3. 

Thill comer falls at an Inaccessible point on the cliff, described above, where a monument can 
not be established. 

Thence S. 42"11' E. 

40 Base of clift, bears N. 82" E. and S. 80° W. 

280.77 Intersect line 1-2 Sur. No. 20100 Silver lode at a point from which Cor. No.2 bears B. «W0:M' 
W., 1,170.98 ft. dlst. 

300.0 Lode line; rliscovery point bears S. 47°49'W., 1,427 ft. dlst. 

342.02 Intersect line 2-3 Sur. No. No. 19567 Alley lode at a point from which Cor. No.2 bears B. 44eao 
W. , 003. 05 ft. dist. 

563.3 Intersect line 2-311m Dandy lode of this survey. 

€OO.O Cor. No. 4-

Set a granite stone, :M x 10 x 9 Ins. , 16 Ins. in the ground, mkd. PR0-4-20220 A; from which 

Cor. No.4 Sur. No. 19557 Alley lode bears N. 48°28' E. ,613. S5 ft. dist. 

No local bearing objects or bearing trees available. 

Thence S. 47°49' W. 

696.94 Intersect the common line I-211m Dandy and Prince lodes of this survey. 

889.61 Intersect Hne 1-2 Sur. No. 19557 Alley lode at a point from which Cor. No.2 bears N. ~"30' 
W. , 206. 06 ft. dist. 

I,OM Road, bears N. 15° W. and S. 15° E. 

1,312.10 Intersect line 1-2 Sur. No. 4923 Idella lode at a point from which Cor. No.1 bears N. 24°~' E., 
440.63 ft. dlst. 

1,431.05 Intersect line 2-3 Prince lode of this survey. 

1,500.0 Cor. No.1, and place of beginning. 
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580 MANUAL OF SURVEYING INSTRUCTIONS

Survey No. 20220 B

Feet

92

215

400

DUMP MILL SITE

At Cor. No. 1 of the Dump Mill Site, on line 4-1 Prince lode of this survey.

Set a brass tablet, 3M ins. diam., Z\i Ins. stem, in a concrete post, 24 ins. long, 6 ins. sq., 16 ins.

in the ground, and surrounded by a mound of stone, with top mkd. DMS-1-20220 B: from

which

The cor. of sees. 7, 8,17, and 18, bears N. 36Â°28' E., 410.3 ft. dist.; previously described

Thence 8. 43Â°00' W

Left bank of Chalk Creek.

Road.

Creek.

660.0

220

330.0

39(1

42",

600.0

Cor. No. 2, on line 4-1 Prince lode of this survey.

A yellow pine stump, 18 ins. diam., 3 ft. high, squared to 10x10 ins., mkd. DMS-2-20220 B:

from which

'Â°00' E., 17.5 ft. dist., mkd.

A yellow pine stump, 18 ins. dinm., 26 ins. high, bears S. I

DMS-2-20220 B B T.

Thence S. 47Â°00' E.

Creek, 2 ft. wide, course N. 60Â° E.

Cor. No. 3.

Set n granite stone, 24x14x8 ins., 12 ins. in tbe ground to bed rock, surrounded by a mound o.

stone to top, mkd. DMS-3-20220 B.

No local bearing objects or bearing trees available.

Thence N. 43Â°00' E.

Road, bears N. 40Â° W. and S. 40Â° E.

Right bank of Chalk Creek, 23 ft. wide, course S. 35Â° E.

Cor. No. 4.

Set a granite stone, 26x10x8 ins., 14 ins. in the ground to bedrock, surrounded by a mound of

stone to top, mkd. DMS-4-20220 B; from which

A yellow pine, 16 ins. diam., bears N. 15Â°00' E., 20.0 ft. dist., mkd. DMS-4-20220 B B T.

Thence N. 47Â°00' W.

Cor. No. 1, and place of beginning.

The Dump Mill Site contains 5.00 acres.

Survey No. 20220 A and B

AREAS

Acres

Total area, Jim Dandy lode 18.129

Area in conflict withâ��

Tract A, hereinafter described 0.450

Sur. No. 12071 Maiorlode 1.095

Sur. No. 19142 I. X. L. lode 1.708

Sur. No. 19557 Alley lode 2.815

Sur. No. 19557 Alley lode, exclusive ofits conflict with Sur. No. 12071 Mijorlode 2,767

Sur. No. 19910 Golden lode 1.572

Sur. No. 19010 Golden lode, exclusive of its conflict with Ti -'.ct A 1.122

Sur. No. 20062 Copper lode _ 0.357

Sur. No. 20062 Copper lode, exclusive of its conflict with:

(1) Sur. No. 12071 Major lode _ 0.082

("2) Sur. No. 19557 Alley lode 0.246

(3) Surs. Nos. 12071 and 19557 Major and Alley lodes 0.030

Total area. Prince lode _ 17.008

Area in conflict withâ��

T. & S. Entry No. 2614 0.050

Sur. No. 4923 Idellalode 3.258

Sur. No. 10142 I. X L lode 3.744

Sur. No. 19142 I. X. L lode, exclusive of its conflict with T. & S. Entry No. 2G14 3,694

580 MANUAL OF SURVEYING INSTRUCTIONS 

Survey No. £0220 B 

Feet DUMP MILL SITE 

At Cor. No.1 of the Dump MUI Site, on line 4-1 Prince lodE' ofthlssurvey. 

Set a brass tablet, 3~ Ins. dlam., 3H Ins. stem, In a concrete post, 24 Ins. long, 6 Ins. SQ., 16 Ins. 
In the ground, and surrounded by a mound of 8ton<'. with top mkd. DMS-l-m220 B; from 
whIch 

The cor. of aee!I. 7, 8,17, and 18, bears N. 36°28' E., 410.3 ft. dillt.: pre~loO!lly dtlllCrlbed. 

92 Left bank of Chalk Creek. 

215 Road. 

400 Creek. 

Thence B. 43°00' W. 

660.0 Cor. No.2, on line 4-1 Prince lode of this survey. 

A yellow pine stump, 18 Ins. diam., 3 ft. high, squared to 10x10 Ins., mkd. DMS-2-31220 B: 
from which 

A ypllow pine stump, 18 Ins. dlam., 26 Ins. high, bears S. 80°00' E., 17.5 ft. dlst., mkd. 
DMS-2-20220 B B T. 

220 Creek, 2 ft. wide. COUI'8e N.I!O° E. 

330.0 Cor. No.3. 

Thence B. 47000' E. 

Set a granite stono, 24x14x81ns .• 12 Ins. In the ground to bed rock, surrounded by a mound o. 
stone to top, mkd. DMS-3-31220 B. 

No local bearln~ obJrcts or hearing trees available. 

Then~ N. 43°00' E. 

300 Road, bears N. 40° W. and B. 400 E . 

• 25 Right bank of Chalk Creek, 23 ft. wide, rourse 8. 31\- E. 

tI6O.0 Cor. No.4. 

Set a lUanltE' ~tone, 26x lOx II Ins., 14 Ins. In thc grOlmd to bedrock, surrounded by a mound of 
stone to toP. mkd. DMS+31220 B; from which 

A ye\1ow pine, 16 Ins. dlam., bears N. 15000' E., 31.0 ft. dlst., mkd. DMB+31220 B B T. 

Thence N. 47°00' W. 

330.0 Cor. No. I, and place of beginning. 

The Dump Mm ~ite contains 5.00 arres. 

Sun'ey No. 20220 A and B 

AREAS 

Tot~:er:~n J~~~n~~~e_ - -- --- ----------------- ---- -----------------------
Tract A, hereinafter descrlbed ______________________________ . _______________________ _ 
8ur. No.1 3171 Malor lode __________________________________________________________ _ 
Sur_ No. 19142 t_ X. I .. lode ________________________________________________________ _ 
Rllr. No. 195.'\7 Alleylode __________________________________________________________ _ 
Rur. No. 11J557 Alley lode, l'xrluq\ve offts conJlict with Sm. ;-;0. 12n71 ',I',;~r )od(' __ ._ 
f::lIr. No. 191110 Golden lode __________________________ . ______________________________ _ 
Sur. No. 19!11O Goldrn lodp. rxeJuslve of Its conilict with Tr.:c-t A __________________ __ 
~ur. No. 20062 Copper lode ________________________ .. _ . _____________________________ _ 
Sur. No. 20062 Copper lode. E'xclnsl\'e or Its conflict with: 

(I) Sur. No. 12071 Major lode. ________________________ . ______________________ __ 
(2) Sur. No. JD557 Alley lode. _______ . ________________________________________ __ 
(3) Burs. Nos. 12071 and 19557 Mnjor and Allt'y lodeL _________________________ _ 

Total area, Prince lode _______________________________________________________ _ 

Area In conruct wlth-T. dr S. Entry No. 2614 ___________________________________________________________ __ 
Sur. No. 4923 Idena lode __________________________________________________________ __ 
Bur_ No. 1!JJ421. X L. Jode .. _______________________________________________________ _ 
Sur. No. 19142 I. X. L lode, exclusive or Ita conflIct wIth T. & S. Entry :'110. 2GB ___ _ 

Original from 

A eros 
111.129 

0.100 
1. 095 
1. 708 
2.1115 
2. 767 
1. 572 
1.122 
0.357 

0.082 
0.24f\ 
0.030 

17.008 

0.0.'10 
3.268 
3.744 
3.IHK 
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No. 1.

No. 2.

No. 3.

No. 1.

No. 2.

No. 1.

Sur. No. 10557 Alley lode â�¢_ 0.675

Total nrea, Protector lode . 20.661

Area in conflict withâ��

Sur. No. 4923 Idella lode 3.826

Sur. No. 10557 Alley lode 4.776

Sur. No. 20100 Silver lode 3.036

Jim Dandy lode of tliis survey _ 0.981

Jim Dandy lodÂ» of this survey, exclusive of its conflict with Pur. No. 10.157 Alley lode. 0.000

Prince lode of this survey 0.650

Prince lode of this survey, exclusive of its conflict with:

(1) Sur. No. 4923 Idello lode 0.628

(2) Sur. No. 19557 Alley lode 0.342

(3) Surs. Nos. 4923 and 19557 Idella and Alley lodes 0.320

Total area. Dump Mill Site 5.000

TRACT A

That portion of Sur. No. 19010 Golden lode in conflict with Jim Dandy lode of this survey,

excluded by said Golden lode in favor of a location now abandoned, is bounded and described

as follows:

Beginning at Cor. No. 4 Jim Dandy lodeâ��

Thence N. 28Â°60' W., 131.4 ft... to line 1-2 Golden lode;

Thence 8. 47Â°12' W., 275.6 ft., to a point on same line;

Thence N. 79Â°00' E., 237.6 ft., to line 4-1 Jim Dandy lode;

Thence N. 50Â°23' E., 42.0 ft., to place of beginning.

Tract A contains 0.450 acres.

LOCATION

This survey is located in the SE H sec. 7, SW yt sec. 8. NW M sec. 17, and NE H see. 18.

of T. 16 S., R. SO Wâ�� of the sixth principal meridian.

The survey of the Jim Dandy and Protector lodes and the Dump Mill Site is identical with

tho respective location or amended location as marked on the ground. The survey of the

PrincÂ« lodo is wholly within the amended location as marked on the ground; Core. Nos. 1

and 2 are identical with corners of the location: f^ors. Nos. 3 and 4 differ to the extent previousl y

shown.

EXPENDITURES

The improvements and the value of the labor and improvements made upon or for the

benefit of each of th" lode locations embraced in said mining claim by the claimant or its

grantors are as follows:

The discovery cut of the Jim Dandy !oo"e, the face of which being the discovery point, is on

the lode lin-49Sft. from a point on line 1-2, 301.3 ft. from Cor. No. 1; r, ft. wide. 15 ft. face,

runs N. 50Â°23' E., 30 ft. to face and portal of tunnel 5 x 7 ft. in size, running N. 50" E.. 23 ft.

to breast; at breast is a winze 5x5 ft., 20 ft. deep; tunnel and winze timbered.

Value of cut. tunnel and winze, $380.

A tunnel 5 x 7 ft. in size, the portal oi which bears N. 70Â°57' E., 373.5 ft., from Ccr. No. 2 Jim

Dandy lode, and runs N. SIW E., 148 ft., thence N. 31Â°45' E., 17.5 ft., thence N. 50Â°31' E.,

49 ft. to breast; partly caved

Value. $2,300.

A trench, the west end of whicli bears N. 38Â°12' E., 305 ft., from Cor. No. 1 Jim Dandy lode: 4

ft. wide. 8 ft. deep, running N. 48Â° E., 40 ft.

Value, $125

The discovery cut of the Prince lode, the lace of which being the discovery point, is on the lode

line 849 ft., S. 42Â°25' W.. from the center of line 1-2; 6 ft wide. 13 ft. face; running N. 42Â°25'

E., 20 ft. to face.

Value, $10(1.

A shaft, tno center of which bears N. 20Â°42/ Eâ�� 450 ft., from Cor. No. 4 Prince lode; 4x7 ft., 3

ft deep.

Value, $130.

The discovery shaft of the Protector lode, the center of which being the discovery point, is on

the center fine 73 ft. from the center of line 1-2; 6 x 8 ft., 18 ft. deep, partly timbered.

Value, $200.

An interest in a common improvement described as follows:

A tunnel 6 x 7 ft. in size, the portal of which hoars S. 34o00' W., 668ft., from Cor. No. 1 Prince

lodÂ«; running N. S'W E., 230 ft., to Sta. 1; thence N. 23Â°30'E., 280 ft., to pt. A, and 350 ft.,

toSta. 2; thence N. 7Â°45' K., 19 ft., to pt. B, 100 ft., to pt. C, and 210ft., to breast at date of

survey. At pt. A. a drift 5 x 7 ft. in size, runs N. 74Â°30' E., 55.6 ft. to breast. At pt. B, a

drift 5 x 7 ft. in size, runs N. 58Â° E., 70.8 ft. to breast and foot of raise 5x5 ft., Ifi ft. high.

Atpt. C is the beginning of astope, 70 ft. long, 4 ft. wide, and averaging 30 ft. in height.

Value of tunnel, drifts, raise, and stope, $14,200.

Value of one-eighth interest, $1,775.

This improvement is in course of construction for the development ol the three lodes of this

survey and Sur. No. 19142 I. X. L. lode, Sur. No. 19910 Golden lode, Sur. No. 20100 Silver

lode, and the Lead King and Daisy lodes, unsurveyed, which are all the contiguous lode

claims owned in common within the range of benefit of said tunnel.

SURVEY NO. 20220 A AND B 

Bur. No. 19667 Alley lode __________________ : ______ . _____________ . ___________________ _ 
Total area. Protector lode ____________________________________________________ _ 

Ar('a In conflltt with-Bur. No. 41123 Idella lode __ . ________________________________________________________ _ 
Bur. No. 1116117 Allt-y lo<le __________________________ . _______________________________ _ 
Sur. No. 20100 Silver lode. ___________ • _____________________________________________ _ 
lim Dandy lode of thls survey ___ . ________________________ . ________________ . _____ _ 
Jim Dandy lod" oftbls ~urvl'y. exclusive of its conlllr! \\ ith f:ur. 1'0. WSS; Alley IM!'_ 
Prince lode or thill survey. _______________________________________________________ _ 
Prince lode of this survey. exclmi\'e of Its conflict with: (I) Sur. No. 41lZ1 Jdpllo h>rle __ oo ________________ •• ______________________________ _ 

(2) Sur. No.19M7 AIIE'ylodl' _________________________________________________ _ 
(3) Bnrs. Nos. ,(923 and 195M Idella allli Alll'Y lodes. ___________________ . ___ . ___ _ 

Total areB, Dump Mill SitE' __________________________________________ . _______ _ 

TRACT A 

581 

0.675 
aI. fJ61 

3.11211 
4. 776 
3.0.'1(\ 
0.1lI!1 
0.000 
0.6:;0 

0.1128 
0.342 
0.120 
6.0011 

That portion of Sur. No. Il/IllO Ooldl'n lode In conflict with Jim Dandy lode of this survey. 
excluded by said Oolden lode in favor of a location now abandoned. Is bounded and dpsrrlhf'd 
a!' fullows: 

Beginning at Cor. No.4 .JIm Dandy lode-
Thence N. 28°50' W., 131.4 £too t:llinc 1-2 Oold(ln lode; 
Thl'nce B. ~7°12' W .• 27.~.(\ ft .• to a point on sam(l line; 
Thence N. 79°00' E., 237.6 ft .• to Iiull 4-1 Jim Dandy lode; 
Thence N. 50°23' E., 42.0 ft., to place of beglnnlnli!. 

Tract A contains 0.450 acres. 
LOCATION 

Tbls 8un .. y ill located In the SE ~ sec. 7, BW ~ sec. 8. NW ~ sec. 17, and NE ~ sec. 18. 
of T. 16 B., R. 80 W., or the sixth principal m!'ridian. 

The survry of th!' 11m Dandy and Protector lod(,5 and the Dump Mill SII!' Is Identical with 
tho respectivp location or amended location as marked on the ground. The survl'Y of the 
PrinCf' lod .. ill wholly within the am!'nded 1000ation as m!!.rked on thl' !ITound; Corso Nos. I 
and 2are Identical with corDl~rs of tbe 1000ation: rors. Nos. 3 aud 4 dilJE'r to the e:itent prpviously 
shown. 

EXPENDITURES 

The Improvements and the valut' of the lahor and impro\'ellll'nts marle upon or for the 
benefit of each of th .. lode locations emhraced In said minim! claim by the claimant or Its 
grantors are as follows: 

No.1. The discovery cut of the Jim Dandy 10<11', the faCt' of whirh helng the discovery point, IS on 
thl' lode lin" 496 ft. from a point on line 1-2, 301.~ ft. from Cor. Ko. 1; f. ft. wide. 16 ft. fa<'C, 
runs N. 50°23' E .• 311 ft. to fnet' and portal of tUlJnt'1 5 x 7ft. in size. running N. 50" E .• 23 ft. 
to hreast; "t hrl'9st Is a \l\'inze 6 15ft .. 20 ft. dl'.ep; tunnel and winze timbered. 

Valul' of cut. tunnel and winze, $380. 

No.2. I. tnnn ... 1 5 17ft. in Size, the portal of which bears N. 70°57' E., an.5 ft., from Cer. fIoo. 211m 
Dandy lod'" and runs N. 51°0.3' E .• 148 ft .• thence N. 31°45' F. .. 1i'.5 ft .. thence N. 50°31' E .• 
49 rt. to hre3.5t; partly Cl\ved. 

Value. $:!.300. 

No.3. A trench, the we.~t end of which bears N. 38°12' E .• 3Y5 ft., from Cor. No.1 Jim Dandy lode; 4 
ft. wide. 8 ft. deep, running N. 48° E., 40 ft. 

Value, $126 

No.1. The dl'!OOvery rut of the Prinre lodE'. the faCt' of which beinlllhl' discovE'ry point. is on tbe lode 
line 849 ft., S. 4~25' W .. from the center of line 1-2; 6 ft will ... 13 ft. face; running N. 42"26' 
E., 20 ft. to face. 

Value. $100. 
No.2. A shaft, tno centcr of which bears N. 2Q042' E .. 460 ft., from Cor. No . .( Prince lode; 4 x 7 ft., 3 

ft doop. 
Value. $130. 

No.1. The dlsrovery shl\ft of the Protector lode. thll center of which heing the discovery point, ill on 
tbfl cent.>r lin .. 73 (t. (rorn tbe center o( lin~ 1-2: 6 18ft .• 18 ft. deep, partly timbered. 

Value, $200. 

An Interest In a common Improvement described as follows: 

.~ tunnel 6 x 7ft. In siz", the portal of which hears S. 34°00' W., 668 ft., from Cor. No. I Prince 
lod"; running N. 3°30' E., 230 ft .• to Sta. I; th('lIce N. 23°30' E., 280 ft., to pt. A, and 350 ft., 
to Bta. 2; thence N. 7°45' F.., 19ft., to pt. B.IOOft .• to pt. C, snd 210ft.. to breast at date of 
survey. At pt. A. a drift 6 x 7 ft. In size. runs N. 74°30' E., 55.6 ft. to breast. At pt. B, a 
drift 6 I 7ft. In size, runs N. 58° E .• 70.8 ft. to breast and foot of rai~e 6 x 5 ft., HI ft. hlgb. 
At pt. C Is the beginning of a stope, 70 ft. long, 4 ft. witi!'. and averaging 30 ft. In height. 

Value of tunn!'I, drifts. raise. and lItope, $14.200. 
Value of one-elghth interest, $I,it5. 

This ImproVNuent Is In course of construction for the dHelopment of the three lodl'll of this 
survey and Sur. No. 191.(21. X. L. lode, Bur. No. 19910 Oolden lode, Sur. No. 20100 Sliver 
lodll, and the Lead King and Daisy lodes, unsurveyed, which are all the contiguous lode 
claims owned In common within the ranie of benefit of said tunnel. 
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MANUAL OF SURVEYING INSTRUCTIONS

The surface rises rapidly to the north and east from the portal of the tunnel and the extension

tn Its present course, with necessary laterals, affords the most practical and economical means

or developing each of the stated lodes at depth.

Five hundred dollars or over has been expended in this improvement in such a manner as

ten.Is to the development of each Ioqc of this survey subsequent to its location and to the time

since wnich common ownership and contiguity have prevailed; therefore an undivided one-

eighth interest in its value is hereby credited to each of said lodes and a like interest appor-

tioned to each of the other stated lodes of the common eroup.

The first 1B5 ft. of this tunnel, valued at $2,400 was credited to Sur. No. 191421. X. L. lode.

An undivided one-half interest in the first 290 ft., valued at $2,200, was credited to Sur. No.

19910 Oolden lode.

An undivided one-fifth interest in the first 510 ft., valued at $1,520, was credited to Sur. No.

20100 Silver lode.

Eicept as above stated, no portion of or Interest in this improvement has been credited

heretofore as patent expenditure to any lode claim.

OTHER IMPROVEMENTS

A cut 6 ft. wiue, the face of which bears S. 17Â°42' W., 402 ft., from Cor. No. 2 Prince lode;

runs East 20 ft., to l?ft. face.

A shaft, 4x6 ft., 10 ft. deep, the center of which bears N. 37Â°17' E., 318 ft., from Cor. No 1

Jim Dandy lode.

Claimant of each unknown.

A plank ore bin, 14 x 20 ft., 3 ft. deep, the north corner of which bears S. 3Â°0C W., 210 ft.,

from Cor. No. 1 Dump Mill Site; the long sides bear N. 20Â° W.

Claimant herein.

A frame compressor house and shop, the NE. corner of which bears S. 25Â°00' E., 80ft., from

Cor. No. 1 Dump Mill Site; 16 x 30 ft. in size; the long sides bear N. 85Â° W.

Claimant herein.

A frame bunk house, the NE. corner of which bears S. 50Â°00' W., 690 ft. from Cor. No. 1

Prince lode; 20 x 50 ft. in size; the long sides bear N. 86Â° W.

Claimant herein.

A bridge, the east end of which bears S. 3W W., 163 ft., from Cor. No. 1 Dump Mill Site;

of logs and planks, 10 ft. wide and 30 ft. long, bearing N. 60Â° E.

Claimant herein.

OTHER CORNER DESCRIPTIONS AND SUPPLEMENTAL DATA

Sur. No. 4923 Idclla Lode: Cors. Nos. 1, 3, and 4 are granite stones, firmly set and properly

marked; Cor. No. 2 has been destroyed. Line 3-4 was found to be approximately correct as

approved; lino 4-1 was found to be S. 65Â°05' E., 299.4 ft., instead of S. 65Â°12' E., 300 ft., as

approved; line 1-2 is shown as approved. From Cor. No. 1 the cor. of sees. 7, 8, 17, and 18,

bears S. 31Â°56' E., 596.9ft., instead of S. 33Â°47' E., 605.0 ft., as approved.

Sur. No. 12071 Major lode: Cor. No. 2 is a pine post, firmly set and properly marked; no

other corners could be found. All lines shown as approved. Owing to the absence of Cor.

No. 1, the apparent error in the connecting line to tne cor. of sees. 7, 8, 17, and 18, could not

be verified.

Sur. No. 18837 C. O. D. lode: Cor. No. 3 is a granite stone, firmly set and properly marked.

Sur. No. 19142 I. X. L. lode: Cors. Nos. 2, 3, and 4 aro pine posts, firmly set ana properly

marked; Cor. No. 1 could not be found. Lines 2-3 and 3-4 are correct as approved; lines 1-2

and 4-1 are shown as approved.

Sur. No. 19557 Alley lode: Cor. No. 1 is a pins post, and Cor. No. 4 is a granite stone, both

firmly set and properly marked; Cors. Nos. 2 and 3, including all accessories, have become

ohliterated, leaving no evidences of their original positions. Line 4-1 was found to be S. 44Â°30'

Wâ�� 1.500.0 ft., Instead of S. 44Â°20' W., 1.500.0 ft., as approved; lines 1-2 and 3-4 are shown at

right angles to line 4-1, and each 300 It. long as approved; this makes line 2-3 N. 44Â°30' E., in-

stead of N. 44Â°2C E. as approved, and lines 1-2 and 4-3 each N. 45Â°30/ W., instead of N. 45Â°40'

Wâ�� as approved. From Cor. No. 4 of the Alley lode, Cor. No. 2 Sur. No. 12071 Major lode

bears S. 21Â°10' W., 128.7 ft., instead of S. 20Â°35' W., 136 ft., as approved.

Sur. No. 19910 Golden lode: Cors. Nos. 1, 2. and 6 are granite stones, firmly set and properly

marked. Lines 1-2 and 6-1 are correct as approved.

Sur. No. 20062 Copper lode: Cors. Nos. 1, 2, and 3 are pine posts, firmly set and properly

marked. Cor. No. 4 is identical with Cor. No. 2 Sur. No. 12071 Major lode, described above.

All lines are correct as approved.

Sur. No. 20100 Silver lode: Cors. Nos. 1 and 2 are granite stones, firmly set and properly

marked. Line 1-2 is correct as approved.

(Memo.â��Here explain any allowable disagreement with the location certificate, and show

the cause.)

FIELD ASSISTANTS

Name

Capacity

582 MANUAL OF SURVEYING INSTRUCTIONS 

The surface riSf's rapidly to the north and east from the porta! of the tunnel and the extension 
In Its prc..<>ent course, with nect'ssary laterals, affords the most practical and economical means 
of developing each of the stated lodes at depth. 

Five hundred dollars or ovpr has been exppnded In this Improvement In such a manner as 
tpnd!! to the development of each looe of this survey !!ub!!equent to Its loration and to the time 
91nce wnlch common ownership and contiguity have prevailed; therefore an undivided one
l'iJ:!hth IntllJ't'st In Its value Is hereby crl'dlted to l'sch of ~ald lodes and a 1IkP. Interest appor
I!oncd to each of the other Rtated lodes of the common ~oup. 

The flr!lt 1115 ft. of this tunnel, valued at $2.100 wa5 ('redlted to Sur. No. 19142 I. X. L. lode. 
An unrllvided one-haH Interest in the first 2'J() ft., valued at $2,~, was credited to Sur. No. 

IGG10 Golden lode. 
An undivided one-ftfth Interest in the first 510ft., valued at $1,5~, waa credited to Sur. No. 

20100 Sliver lode. 
Exoopt as above stated, no portion of or Interest in this Improvement has been credited 

hl'retofore as patent expenditure to any lode claim. 

OTHER IMPROVEMENTS 

A cnt 6 ft. wldP, the fact' of which bears S. 17"42' W., 402 ft., from Cor. No.2 Prince lode; 
run!! Eas~ ~ ft., to 11 ft. face. 

A 8hRftt 4 x 6 ft .. 10 ft. deep, the centf'r of whIch bears N. 37°17' E., 318 ft., from Cor. No 1 
Jim Dancy lode. 

Claimant of ell('h unknown. 

A plank ore bin, 14 x ~ ft., 3 ft. deep, the north corner of which bears S. 3°00' W., 210ft., 
rrom Cor. NO.1 Dump Mill Site; the long sides bear N. ~ W. 

Claimant herein. 

A frame compressor house and shop, the NE. corner of which bears A. 25°00' E., 80 ft., from 
Cor. No.1 Dump MI1ISlte; 16x30 ft. In size; the long ~Idcs bear N. 85° W. 

Claimant herein. 

A frame bunk honsel the NE. corner of which bear!! S. 51)000' W., 690 ft. from Cor. No.1 
Prince lode; ~ x 50 ft. In size; the long sides bear N. 86° W. 

Claimant herein. 

A bridge, the east end of which bears S. 3°00' W., 153 ft., from Cor. No.1 Dump Mill Site; 
of logs and planks, 10 ft. wide and 30 ft. long, bearing N.liO" E. 

Claimant herein. 

OTHER CORNER DESCRIPTIONS AND SUPPLEMENTAL DATA 

~ur. No. 4.923 Idclla Lode: Corso Nos. t, 3. and 4 are granite stone~, flrmly set and properly 
marked; Cor. No.2 has ht>en d('~troyed. Line 3-4 was found to be approximately correct as 
approved; line 4-1 was found to he S. /\5°05' E., 299.4 ft., insteali of S. /\5°12' E., 300 ft., as 
approved; line 1-218 shown as approved. From Cor. No.1 the cor. of sees. 7, 8,17, and 18, 
h<'ar!l S. 31°56' E., .~1I6.9 ft., Instead of S. 33°47' E., 605.0 ft., a!I approved. 

Sur. No. 1~71 Major lode: Cor. No. 215 a pine post, firmly set and properly marked.i.no 
other corners could be found. All lines shown as approved. Owing to the absence of vor. 
Xo. 1. the apparent error In the connecting line to the cor. of sees. 7, 8, 17, and 18. could not 
hI' verified. 

Sur. No. 18837 C. O. n.lode: Cor. No. 31s a granite stone. firmly set and properly marked. 
Sur. No. 1914.2 I. X. L. lode: Corso Nos. 2.3. and 4 arc pine ~ts. firmly set ano properly 

marked; Cor. No.1 could not be found. Linea 2-3 and 3-4 are correct as approved; lines 1-2 
and 4-1 are shown as approved. 

Sur. No. 19557 ."lIey lode: Cor. No. lis a plno post. and CO!. No.4 Is a granite stone, both 
flrmly set and properly marked; Corso Nos. 2 and 3. including all accessories, have become 
ohlltprated.leavlng no evidences 'If th('ir original positions. Line 4-1 was found to he S. 44°30' 
W .• 1.500.0 ft., Instead of S. «o~' W .• 1,500.0 ft .• as approved; lines 1-2 and 3-4 are shown at 
right angles to line 4-1. and each 300 It. ionlf as approved; this makes line 2-3 N. «°30' E.. In
~teBd of N. 4.4°20' E. a., apllroved. and line!.' 1-2 and 4-3 each N. 45°30' W .. Inst<:>ad of N. 45°40' 
W .. as approved. From Cor. No.4 of the Allpy lode, ('or. No.2 Sur. No. 1~71 Major lode 
bears S. 21°10' W., 128.7 ft.: Instead of S. 20°35' W .. 136 ft., a.q approved. 

Sur. No. 1GG10 Golden looe: Corso Nos. 1,2, and 6 are granite stones. firmly set and properly 
marked. Llnell 1-2 and 6-1 are rorrect as approved. 

Sur. No. 20062 Copper lode: Corso Nos. t, 2. and 3 are pine posts. firmly set and properly 
marked. Cor. No. 4151dentical with Cor. No.2 !lur. No. 12071 Major lode. described above. 
All lines are correct as approved. 

Snr. No. ~loo Sliver lode: Corso Nos. 1 and 2 are granite stolles, firmly set and properly 
m:u-ked. Line 1-2 Is correct as IIpproved. 

(MJ:)(o.-Here explain any allowable disagreement with the Iccation certiftcate. and show 
the cause.) 

FIELD ASSIST ANTS 
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SURVEY NO. 2 02 20 A AND B 583

CERTIFICATE OF SURVEYOR

I _, Mineral Surveyor, hereby certify upon honor that in pur-

suance of an order received from the at

dated , I have faithfully and correctly executed the survey of the mining claim of

known as the ,

(lode, placer, or millsite)

situate in , T , R

Meridian, , and designated as Survey No.

(State)

_.., which is represented in the foregoing field notes as having been executed by me

and under my direction, and that said survey has been made in strict conformity with said order, the

Manual of Instructions for the Survey of the Public Lands of the United States, and in the specific manner

described in the foregoing field notes, and I do further certify that the labor expended and improvements

made upon or for the benefit of the location.. embraced in the said mininR

(lode or placer)

claim by claimant-, or grantors are fully stated in my report therein, and that the character, ex-

tent, location, and itemized value thereof are specified therein with particularity and full detail, and thai

no portion of, or interest in, said labor and improvements so credited to this claim has been included in tin'

estimate of expenditures upon any other claim.

(Place) Mineral Surveyor.

"(Date)"

CERTIFICATE OF APPROVAL

(Office)

(Place) (Date)

The foregoing field notes of mineral survey No ,in ,T ,

R , _. Mer., ._ executed by , Mineral Sur

(State)

veyor, under order dated , having been critically examined and the necessary cor

rections made prior to their certification by the surveyor, the said field notes and the survey therein described

are hereby approved.

(Title)

CERTIFICATE OF TRANSCRIPT

I certify that the foregoing transcript of field notes of the above described mineral survey No..

is a true copy of the original field notes on file in the public survey office.

(Title)

(Note.â��To be attached to the claimant's copy of the field notes only in case the record shows expenditures

equal or exceed $500.)

CERTIFICATE FOR PATENT APPLICATION ON MINERAL SURVEY NO

(State)

(Place) (Dato)

I hereby certify that the record of mineral survey No , on file in this office, furnishes such

an accurate description of said mining claim as will, if incorporated into a patent, serve fully to identify the

premises, and that such references are made therein to natural objects or permanent monuments as would

perpetuate or fix the locus thereof, and I further certify that the record shows $500 worth of labor has been

expended for improvements upon, or for the benefit of, each of the lode locations embraced in said mining

claim by the claimant., or grantors, and that no portion of, or interest in, said labor or im-

provements has been included in the estimate of expenditures upon any other claim.

(Titb)

(Noti.â��The copies of the location certificates will be attached to the returns following this page.)

SURVEY NO. 20220 A AND B 583 

OERTIFICATE OF SURVEYOR 

I, ________________________________________ , Mineral Surveyor, hereby certify upon honor that in pur-
suance of an order received from the ______________________________ at _______________________________ _ 
dated ________________________ , I have faithfully and correctly executed the survey of the mining claim of 

--------------------------------------------.-------------------------------------------------------------. known as the ________________________________________ ------- -- - --_ -- ---- --- ______________________________ , 
Gode, placer, or ml\lslte) 

situate in _______________________________________________________ , T. ________________ , R. _______________ _ 
_ ____________________________ _ _ _ l\feridlan, ________________________________ • and designated 6l! Survey No. 

(State) 
________________________ , which is represented in the foregoing field notes as having been executed by me 
and under my direction. and that said survey has been made in strict conformity with said order, the 
Manual of Instructions for the Survey of the Public Lands of the United States, and in the specific manner 
described In the foregoing field notes. and I do further certify that the labor expended and improvement~ 
made upon or for the benefit 01 the ________________________________ Iocatlon __ embraced in the said mining 

Gode or placer) 
claim by clalmant __ or ________ grantors are fully stated in my report therein. and that the character, f'X· 

tent, location. and Itemized value thereof are specified therein with particularity and lull detail, and thaI 
no portion 01, or interest in, said labor and improvements so credited to this claim has been included ill th., 
estimate 01 expenditures upon any other claim. 

. -------------------------------------------------- --------.------------------------------------- . (Place) Mineral Surllellor. 

(Date) 

OERTIFICATE OF APPROVAL 

(Office) 

(Place) (Date) 
Theloregolng field notes of minerai survey No. ____________ .In ______________________________ , T_ 

R. ________ , __________ Mer., ________________ executed by ______________________________ , Mineral Sur 
(State) 

veyor, under order dated ________________________ • having been critically examined and the necessary p.,r 
rections made prior to their certification by the surveyor, the said field notes and the survey therein deseri hd 
are hereby approved. _____________________________________ . 

(Title) 

OERTIFICATE OF TRANSORIPT 

1 certlly that the loregoing transcript ot field notes of the above described minerai survey No. ____________ . 
II B true copy 01 the original field notes on file in the public survey otlice. 

----- ---- -- ---- -(-TliieY-----------------

(N oU.-To be attached to the claimant's copy of the field notes only in case the record shows expenditure;: 
equal or exceed sroo.) 
CERTIFICATE FOR PATENT APPLICATION ON MI:\ERAL SURVEY NO. ____ , ___________ . 

(State) 

(Pineo) (Dato) 
I hereby certify that the record of mineral survey ~o. ____________ , on file in this office, furnishes such 

an accurate description of said mining claim as will, If ineorporatert into 8 patent, serve fully to Identify thl' 
premises, and that such references are made therein to natural objects or permanent monuments as would 
perpetuate or fix the locus thereof, and I further certify that the record shows S500 worth 01 labor has been 
expended lor Improvements upon. or for the benefit 01, each ot the lode locations embraced In said mining 
claim by the clalmant __ or ____________ grantors, and that no portion of, or interest in. said labor or im-
provements has been included in the estimate of expenditures upon any other claim. 

(Tith) 

(NoTJ:.-The copies 01 the location certificates will be attached to the returns following this page.) 
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INDEX

Memorandum.â��Subdivisions of a subject are indented on the left margin and

the principal subject is repeated when the subdivision extends to a new page.

Explanatory notes are shown in italics.

Section

Accessories to corner monuments . 240

Arrangement and marking. (See index, Each clasa of corners.)

Bearing objects 319

Marking same 323

Bearing trees. (See index, Bearing trees.) 319

Marking same. (See index, Each class of corners.) 320

Principles to be observed in selection and in identification 321, 322

Field-note record 319, 323, 324, 325, 326, 329

Furnish evidence of true position of corner; preferred classes 316

Memorials (deposits) 325, 327

Mound of stone 326

Omitted under certain conditions; marked stone deposit or other

memorial to be supplied 327

Pits; characteristics; favorable conditions essential 328

Specifications 329

Special accessories required under certain conditions 317, 324, 325, 327

Witness corners 318

Accretion 520

Administration and laws 6

Current practice indexed by reference to section number Revised Statutes;

the references cile the codification of the Public Land Laws:

Section 453: Duties of director.

Section 2478: Power of director to make regulations.

Section 2395: Rules of survey: (1) township boundaries 6 miles

apart, on cardinal courses; (2) marks at township corners, and

at 1-mile intervals on boundaries; (3) subdivision of townships

into sections; (4) marking of bearing trees and record thereof;

(5) regular and fractional sections; (6) marking lines through

timber, and unit of measurement; (7) description of topography,

and classification of lands; (8) field notes and plats of surveys.

Section 2396: Boundaries and contents of public lands, how

ascertained: (1) all established corners fixed in position,

and rule for placing unmarked quarter-section corners; (2) all

established lines fixod in position, and rule for location of sub-

division-of-section lines; official lengths of lines to be employed

as returned; (3) official areas to be employed as returned, and

similarly for aliquot parts.

Section 2397: Lines of division of half-quarter sections, how run.

Section 2476: Beds of navigable rivers not subject to survey.

Section 2406: Extension of public surveys over mineral lands;

subdivision of quarter sections by local surveyors.

Section 2223: Survey of private land claims when confirmed.

Section 2412: Penalty for interrupting surveys; superseded by Act

of Mar. 4, 1909.

Section 2413. Protection of surveyors by marshall of district.
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INDEX 
MEIIORANDUII.-Subdiuisions of a subject are indented on the left margin and 

the principal subject is repeated when the subdivision extends to a new page. 
Explanatory notes are shown in italics. 

Section 
Accessories to corner monuments_ _ _________ _ _ _ _ _ _ _ _ . _ _ _ _ _ _____ 240 

Arrangement and marking. (See incex, Each class vf corners.) 
Bearing objects_________________ __ __ __ _ __ _____ ___ _ _ _ _ _ _ _ _ _ _ _ ___ 319 

Marking same_______ ___ _ ____ _ ___ _ _ _ ___ _ ________ _ ___ __ _ _ _ _ _ 323 

Bearing trees. (See index, Bearing trees.)_________________________ 319 
1\1 arking same. (See index, Each clas.~ of corners.) _ _ _ _ _ _ _ _ _ _ _ _ 320 
Principles to be observed in selection and in identification ____ ~21, 322 

Field-note record_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 319, 323, 324, 325, 326, 329 
Furnish evidence of true position of corner; preferred classes________ 316 
Memorials (deposits) _________________________________________ 325,327 
Mound ofstone_______________________________________________ 326 

Omitted under certain condition!'; marked !<tOIlC r~epo:;it or other 
memorial to be supplicd_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 327 

Pits; characteristics; favorahle conditions esscutiaL________________ 328 
Specifications ____ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 329 

Special accessories required under certain conditions _____ 317,324,325,327 
Witness corners_ _ _____________ _ _ _ ________ ____ _ _ ___ _ __ _ _ _ _ ____ _ 318 

Accretion_________________________________________________________ 520 
Administration and laws____________________________________________ 6 

Current practice indexed by reference to section number Uevised Statute8; 
the references cite the cod£jication of the Public Land Laws: 

Section 453: Duties of director. 
Section 2478: Power of director to make regulations. 
Section 2395: Rules of survey: (1) township boundaries 6 miles 

apart, on cardinal courses; (2) marks at township corners, and 
at I-mile intervals on boundaries; (3) subdivision of townships 
into sections; (4) marking of bearing trees and record thereof; 
(5) regular and fractional sections; (6) marking lines through 
timber, and unit of measurement; (7) description of topography, 
and classification of lands; (8) field notes and plats of surveys. 

Section 2396: Boundaries and contents of public lands, how 
ascertained: (1) all established corners fixed in position, 
and rule for placing unmarked quarter-section corners; (2) all 
established lines fixed in position, and rule for location of sub
division-of-section lines; official lengths of lines to be employed 
as returned; (3) official areas to be employed as returned, and 
similarly for aliquot parts. 

Section 2397: Lines of division of half-quarter sections, how run. 
Section 2476: Beds of navigable rivers not subject to survey. 
Section 2406: Extension of public surveys over mineral lands; 

subdivision of quarter sections by local surveyors. 
Section 2223: Survey of private land claims when confirmed. 
Section 2412: Penalty for interrupting surveys; superseded by Act 

of Mar. 4, 1909. 
Section 2413. Protection of surveyors by marshall of district. 
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586 MANUAL OF SURVEYING INSTRUCTIONS

Section

Administration and laws, 1908 to 1946, inclusive 7

Current practice indexed by reference to the United States Statutes at

Large:

35 Stat., 347: Purchase of metal monuments.

35 Stat., 1099, sec. 57: Penalty for the destruction of survey

monuments.

35 Stat., 845: Resurvey of public lands.

40 Stat., 965: where needed, and resurvey of privately owned

lands under certain conditions.

36 Stat., 703, 740: Selection of surveyors.

43 Stat., 1144: Administration, etc., transferred to field surveying

service, 1925 to 1946, incl.; discontinued July 16, 1946.

44 Stat., 672: Field notes, etc., of surveys, may be turned over to

the States.

By direction of the Secretary: Bureau of Land Management

supersedes the General Land Office, July 16, 1946.

Administration, early laws, and citation of authorities App. I, 6

Former practice indexed by reference to section number, Revised Statutes:

Sec. 2207: Surveyors General, how and where appointed.

Sec. 2218: Transfer of papers and discontinuance of office in case

of completed surveys.

Sec. 2219: Devolution of powers upon commissioner in case of

discontinuance.

Sec. 2220: Free access to public records delivered to States, and

2221: condition of such delivery.

Admission of States into the Union 10

Aerial photographs, for deriving map features 462(8), 614

Aliquot parts of sections, legal subdivisions 8, 161

Allowable limits. (See index, Rectangular limits) 162,174,234

Alteration of marks on exterior monuments from maxium to minimum

control under certain conditions, or vice versa 157,

159, 162, 163, 164, 168, 169, 171, 172, 188

On interior monuments 225

Alteration or reconstruction of corner monuments; regard for original

location; field-note record 238

Altitude observation of the sun for azimuth; adaptation of methods to the

public-land surveying practice; instrumental specifications; series re-

quired to guard against error 100

Equations 102, 103, 104

Method employed 101

Observing program, morning 105

Same, afternoon 106

Technique of the observing 107

Example, sun in north declination; form of record; specimen

form of reduction for azimuth; one for time 108

Same, alternate forms of reduction for azimuth 109, 110

Same, identical data: alternate form of reduction for time. . Ill

Example, sun in south declination; form of record; specimen

form of reduction for azimuth; one for time App. II, 108

Same, alternate forms of reduction for azimuth.. App. II, 109, 110

Same, identical data; alternate form of reduction for

time App. II, 111
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Section 
Administration and laws, 1908 to 1946, inclusive______________________ 7 

Current practice indexed by reference to the United States Statutes at 
Large: 

35 Stat., 347: Purchase of metal monuments. 
35 Stat., 1099, sec. 57: Penalty for the destruction of survey 

monuments. 
35 Stat., 845: Resurvey of public lands. 
40 Stat., 965: where needed, and resurvey of privately owned 

lands under certain conditions. 
36 Stat., 703, 740: Selection of surveyors. 
43 Stat., 1144: Administration, etc., transferred to field surveying 

service, 1925 to 1946, incl.; discontinued July 16, 1946. 
44 Stat., 672: Field notes, etc., of surveys, may be turned over to 

the States. 
By direction of the Secretary: Bureau of Land Management 

supersedes the General Land Office, July 16, 1946. 
Administration, early laws, and citation of authorities ________________ App. I, 6 

Former practice indexed by reference to section number, Revised Statutes: 
Sec. 2207: Surveyors General, how and where appointed. 
Sec. 2218: Transfer of papers and discontinuance of office in case 

of completed surveys. 
Sec. 2219: Devolution of powers upon commissioner in case of 

discontinuance. 
Sec. 2220: Free access to public records delivered to States, and 

2221: condition of such delivery. 
Admission of States into the Union__________________________________ 10 
Aerial photographs, for deriving map features _____________________ 462(8),614 
Aliquot parts of sections, legal subdivisions ______ ~ ____________________ 8,161 
Allowable limits. (See index, Rectangular limits) ________________ 162,174,234 
Alteration of marks on exterior monuments from maxium to minimum 

control under certain conditions, or vice versa ______________________ 157, 
159,162,163,164,168,169,171,172,188 

On interior monuments ______________________ - ___ - _______ - _ _ __ _ _ 225 

Alteration or reconstruction of corner monuments; regard for original 
location; field-note record ___________ - __ - - _ - _ - _ - - - - - - - _ - ___ - _ _ _ _ _ _ 238 

Altitude observation of the sun for azimuth; adaptation of methods t.o the 
public-land surveying practice; instrumental specifications; series re-
quired to guard against error______________________________________ 100 

Equations ______________________________________________ 102, 103, 104 

~ethodemployed----------------------------------------_____ 101 
Observing program, morning____________ _ _ _ _ ___ __ _ _ _ ___ _________ 105 

Same, afternoon_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 106 
Technique of the observing ____ .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 107 

Example, sun in north declination; form of record; specimen 
form of reduction for azimuth; one for time_________________ 108 

Same, alternate forms of reduction for azimuth __________ 109,110 
Same, identical data: alternate form of reduction for time _ _ 111 

Example, sun in south declination; form of record; specimen 
form of reduction for azimuth; one for time ___________ App. II, 108 

Same, alternate forms of reduction for azimuth __ App. II, 109, 110 
Same, identical data; alternate form of reduction for 

01 - iz-

time _________________________________________ App. II, III 
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INDEX 587

Section

Angle points in general 239

Arrangement and marking of accessories 346, 445 (8)

Connecting lines 452

Elimination of parts of sections 497

Grant boundaries 381

Marks on iron posts ' 279, 445 (7)

Metes-and-bounds surveys 472

Nonriparian meander lines 380, 515

Replacing section and other original corners 163, 433

Tract surveys 438, 445 (1)

Township exteriors 375

Arrangement and marking of corner accessories, and marking of corner

monuments. (See index, Each class of corners.)

Artificial lakes and reservoirs will be located but not segregated 232

Auxiliary correction lines 145

Auxiliary guide meridians 148

Auxiliary meander corners 232, 233

Arrangement and marking of accessories 344

Marks on iron posts 277

Marks on stone monuments 296

Marks on tree monuments 315

Auxiliary standard parallels 145

Azimuth by Polaris at any hour angle; record required in field notes of

observation for time 01

Equation; table of azimuths at any hour angle 92

Example in the use of the equation and the table in the Ephemeris,

hour angle less than 90Â° 93

Same, hour angle exceeding 90Â° 94

Latitude reduction, vertical angle known 95

Example 98

Methods employed 96

Observing program "a"; example; form of record 97

Observing program "b"; examples; form of record 98

Polaris at sunset or sunrise 99

Azimuth by Polaris at elongation; equation; example 84

Methods employed, watch correction known 86

Observing program "a"; example; form of record 87

Observing program "b"; example; form of record 88

Method employed, watch correction unknown; observing program

"c"; example 89, 90

Table of azimuths at elongation 85

Azimuth by the solar transit 77

Design of instrument 78

Instrumental adjustments 79, App. II, 41, 79

Tests, and example; form of record 81

Use of instrument 80

Azimuth errors due to uncertainty in declination or latitude; explanation,

Table 22, Standard Field Tables; example 83

Base line, method of survey, accuracy required 141, 142, 143

Standard quarter-section, section, and township corners 143

Bearing objects 319

Marks and field-note record 323, 324
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Section 
Angle points in generaL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 239 

Arrangement and marking of accessories _____________________ 346, 445 (8) 
Connecting lines_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 452 

Elimination of parts of scctions________________________________ __ 497 
Grant boundaries______________________________________________ 381 
Marks on iron posts ____________ ~ _________________________ 279,445 (7) 
Metes-and-bounds surveys__ _ _ _ _ __ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ 472 
Nonriparian meander lincs ____________________________________ 380,515 
Replacing section and other original corners_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 163, 433 
Tract surveys ____________________________________________ 438,445 (1) 
Township exteriors_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 375 

Arrangement and marking of corner accessories, and marking of corner 
monuments. (See index, Each class of corners.) 

Artificial lakes and reservoirs wiu be located bu t Dot segregated _ _ _ _ _ _ _ _ _ 232 
A uxiliary correction lines _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 145 
Auxiliary guide meridians_________ _ _ _ _ _ _ ___ _ _ _ _ _______ _ _ _________ __ _ 148 
Auxiliary meander corners ________________________________________ 232,233 

Arrangement and marking of acrcssories_ _ ____ _ _ _ __ _ _ _ _ _ _________ _ 344 
Marks on iron posts___________________________________________ 277 
Marks on stone monuments _ _____ __ __ ____ __ _ _ __ _ _ ___ _ ___ _ __ _ _ ___ 296 
Marks on tree monuments______________________________________ 315 

A uxiliary standard parallels _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 145 

Azimuth by Polaris at any hour angle i record required in field notes of 
observation for time _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 91 

Equation; table of azimuths at any hour angle____________________ 92 
Example in the use of the equat.ion and the table in the Ephemeris, 

hour angle less than 90°______________________________________ 93 
Same, hour angle exceeding 900 _ _ _ _ _ _ _ _ ___ ______ _ __ ___ _ __ __ _ 94 

Latitude reduction, vertical angle known _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 95 
Examp~_________________________________________________ 98 

Methods employed_ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ ___ __ _ _____ 96 

Observing program" a"; example; form of record _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 97 
Observing program" b"; examples i form of record _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 98 
Polaris at sunset or sunrise_____________________________________ 99 

Azimuth by Polaris at elongation; equation; example___________________ 84 
Methods employed, watch correction known _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ 86 

Observing program "a"; example; form of record______________ 87 
Observing program" b"; example; form of record_ _ _ _ _ _ _ _ _ _ _ _ _ _ 88 

Method employed, watch correction unknown; observing program 
"c"; example ________________________________________________ 89,90 

Table of azimuths at elongation_ _ _ __ __ _ _ _ _ __ _ _ __ _ _ _ _ _ _ _ __ _______ 85 
Azimuth by the solar transit- _ ________ __ _ ____ _ _ _ _ _ ___ _ _________ _____ 77 

Design of instrument- ________________ _____ _ _ _ _ ______ _ __ _ _ _ _ ____ 78 
Instrumental adjustments ___________________________ 79, App. II, 41, 79 
Tests, and example; form of record______________________________ 81 
Use of instrument- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 80 

Azimuth errors due to uncertainty in declination or latitude; explanation, 
Table 22, Standard Field Tables; example__________________________ 83 

Base line, method of survey, accuracy required __________________ 141,142,143 
Standard quarter-section, section, and township corners____________ 143 

Bearing objects______ _ _ _ _ _ _ _ _ _ _______ ________ ____ __ _ _ ___ ___________ 319 
Marks and field-note record ___________________________________ 323, au 
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Section

Bearing trees 319

Blaze and scribe marks; overgrowth; surface marks 299

Field-note record, species, diameter, and position 319

Marks. (See index, Each class of corners.) 320

Principles to be observed in selection; identification and protection

after marking; marking additional trees 300, 321, 322

Ring count furnishes estimate of date when marked 300

Beds of nonnavigable streams and lakes 503

Blazing true line through timber 235

Boundaries of the States 10

Center quarter-section corner, required in special cases 193, 215, 224, 239, 468

Arrangement and marking of accessories 342

Marks on iron posts 274

Changes in water level, meandered streams and lakes, affecting the sub-

division of sections 471

Closing section corners 172, 177, 184, 185, 188, 191,225

Arrangement and marking of accessories. 331

Marks on iron posts 266

Marks on stone monuments 288

Marks on tree monuments 307

Closing subdivision-of-section corners, required in special cases. 193, 215, 224, 239

Arrangement and marking of accessories. 345

Marks on iron posts 278

Closing township corners 146, 147, 151, 156, 191

Arrangement and marking of accessories 331

Marks on iron posts 261

Marks on stone monuments 283

Marks on tree monuments 302

Comparison, field tapes with standard 15

Completion of partially surveyed sections. (See index. Subdivision of a

township, this subject.) 216, 224

Computations for geographic position 132, 133

Computations, relating to construction of plats:

Apportionment of areas in certain cases 629, 642

Areas, in general, by method of double meridian distances 592, 593

Examples 594, 595

Areas, rectangular lots, neither dimension treated as 20.00 chs 588

Example 589

Areas, rectangular lots, one dimension treated as 20.00chs. 584, 586, 587, 588

Examples 585, 589

Areas within irregular sections; sections containing meander courses

or broken boundary lines 592, 593

Examples 594, 595

Areas within sections having only one side irregular 590

Example 591

Latitudes and departures, balancing the closure, and positions by total

latitudes and departures 574, 593

Examples 594, 595

Revised areas shown in certain cases 629, 661
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Sectton 
Beari ng trees _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 319 

Blaze ann scribe marks; overgrowth; surface marks________________ 299 
Field-note record, species, diameter, and po;;ition__________________ 319 
I\larks. (See index, Each class of corners.)________________________ 320 
Principles to be observed in selection; identification and protection 

after marking; marking additional trees _______ . _ _ _ _ _ _ _ _ _ _ 300, 321, 322 
Rin~ count furnishes estimate of date when lIUi,rkcd________________ 300 

Beds of nonnavigable streams and lakes______________________________ 503 
Blazing true line through timber_____________________________________ 235 
Boundaries of the States_____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 10 

Center quarter-section corner, required in special cases ___ 193,215,22·1,239,468 
Arrangement and markin~ of accessories____ _ _ _ _ _ _ _____ _____ __ _ _ _ _ 342 
Marks on iron posts_ _ _ __ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ ________________ _ 274 

Changes in water level, meandered streams and lakes, affecting the sub-
di vision of sections ________________________ - _____ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 471 

Closing section corners _______________________ 172,177,184,185,188,191,225 
Arrangement and marking of accessoricil__________________________ 331 
Marks on iron posts_ _ _________________________________________ 266 

Marks on stone monuments_____________________________________ 288 
Marks on tree monuments _________ - ___ - _ - ____ - - _ - __ ___ __ __ _____ 307 

Closing subdivision-of-section cornel"l'l, required in special cases_ 193,215,224,239 
Arrangement and marking of accessories__________________________ 345 
Marks on iron posts ________________________________ - _ -. _ _ _ __ __ 278 

Closing township corners ____________________________ 146,147,151,156,191 
Arrangement and marking of accessories__________________________ 331 
Marks on iron posts___________________________________________ 261 
Marks on stone monuments_____________________________________ 283 
Marks on tree monuments__ _ __ _ _ ______ __ ___ _ _ _ _ _ _ ___ ____ _ _ _ _ __ _ 302 

Comparison, field tapes with standard________________________________ 15 
Completion of partially surveyed sect.ions. (See index. Subdivision of a 

tottm3hip, this subject.) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 216, 224 
Computations for geographic position ______________________________ 132,133 
Computations, relating to construction of plats: 

Apportionment of areas in certain caaes ________________________ 629,642 
Areas, in general, by method of double meridian distance~ __________ 592,593 

Examples _______________________________________________ 594,591) 

Areas, rectangular lots, neither dimension treated as 20.00 chs______ _ _ _ 588 
Example__________________________________________________ 5S9 

Areas. rectangular lots, one dimension treated as 20.00chs _ 584. 586, 587, 588 
Examples_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 585, 589 

Areas within irregular sections; sections containing meander courses 
or broken boundary lines ____________________________________ 592, 593 

Examples _______________________________________________ 594,595 

Areas within sections having only one side irregular _ _ _ ____________ _ _ 590 
Ex&Dlple____________________________ ____________________ 591 

Latitudes and departures, balancing the closure, and positions by total 
latitudes and departures ____________________________________ 574. 593 

Examples _______________________________________________ 594,595 
Revised areas shown in certain caaes ____________________________ 629,661 
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INDEX 589

Section

Convergency of meridians; corrections in closure to be applied; equation;

example 129

Angle of convergency; computation of offset from the tangent to the

parallel; explanation, Table 11, Standard Field Tables 130

Closure, township exteriors 174

Corners along irregular boundaries:

Arrangement and marking of accessories 346, 347

Marks on iron posts 279, 280

Mile corners 472

Corners in roadways 250

Corners of two sections, method of establishment 189, 225

Correction lines. (See index, Standard parallels.) 144

Definitions, or usage of terms relating to the pvblic land svrwys:

Accretion 520

Aliquot parts of a section 8, 161

Angle point 239

Arpent App. II, 15

Azimuth, forward azimuth, back azimuth 55, 124

Baseline - 143

Bearing object ._ 316, 319

Bearing tree - 316, 319

Blaze - 235

Cadastral survey 1

Chain, link, pole, and rod 15, App. II, 15

Chord 124

Closing corner 8

Corner 349

Correction line 8, 144

Curvature 124

Dependent resurvey 399, 400, 409

Double meridian distance 593

Double proportionate measuremrr t 365

Error of closure, limit, and tolerance 234

Existent corner 350

Falling 154

Field notes 541

Field notes, transcribed 542

Field tablets 543

Guide meridian 146

Hack . 235

Hour angle 66

Independent resurvoy 399, 401, 428

Index error (instrumental) 46

Initial point 138

Latitudinal curve 372

Line tree 235

Location monument 700

Lode claim 669

Lost corner 360

"M" and "P" factors 133

Magnetic declination 40, App. II, 40

INDEX 589 

8ecUOD 
Convergency of meridians; corrections in closure to be applied; equation; 

example________________________________________________________ 129 

Angle of convergency; computation of offset from the tangent to the 
paranel; explanation, Table 11, Standard Field Tablcs_ _ _ _ _ _ _ _ _ _ _ _ _ 130 

Closure, township exteriors___ _ _ _ _ _ _ _ ___ ______ __ __ _ _ _ ______ ___ _ __ 174 

Corners along irregular boundaries: 
Arrangement and marking of accessories _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 346. 347 
Marks on iron posts __________________________________________ 279,280 
l\1ile corners_ _ _ _ __________ ____ _ __ _ ___ _ _ _ _ __ ___ _ _ _ _ _ _ _ _ _ _____ _ _ 472 

Corners in roadways____________ __ _ _ _ _ _ __ _ _ _ _ _ _ _ _ ___ __ _ _ ___ _ _ _ _ _ _ _ _ _ 250 
Corners of two sections, method of establishment _____________________ 189,225 
Correction lines. (See index, Standard parallels.) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 144 
Definitions, or usage of terms relating to the public lund SUrfll'l;~: 

Accretion_____________________________________________________ 520 
Aliquot parts of a section _______________________________________ 8,161 
Anglepoint___________________________________________________ 239 
Arpent __________________________________________________ App. II, 15 
Azimuth, forward azimuth, h3.ck szimuth ________________________ 55, 124 
Baseline_____________________________________________________ 143 
Bearingobject ______________________________________________ 316,319 
Bearing tree ________________________________________________ 316,319 
Blaze________________________________________________________ 235 
Cadastralsurvey______________________________________________ 1 
Chain, link, pole, and rod ______________________________ 15, Apr- II, 15 
Chord________________________________________________________ 124 
Closing corner_________________ _ _ _ _ _______ _ _ _ _ _ _ _ _ __ ____ _______ 8 
COrner_______________________________________________________ 349 
Correction line _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 8, 144 
Curvature____________________________________________________ 124 
Dependent resurvey _____________________________________ 399,400,409 
Double meridian distance __________ . _ _____ _ _ _ _ ____ _ _ ____________ 593 
Double proportionate mcasurcmpnt______________________________ 365 
Error of closure, limit, and tolerl1llee_____________________________ 234 
Existen t corner ______________________________ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 350 
Falling_______________________________________________________ 154 
Fieldnotes___________________________________________________ 541 
Field notes, transcriuccL ________ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 542 
Field tablets _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 543 
Guide meridian__________ _ ___ _ __ _ _ __ __ _ _ _ _ __ ___ _ ____ ___________ 146 
Hack __________________________________ ----------------______ 235 
Hour angle _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 66 
Independent rC!<llrvpy _________ .. __________________________ 390, 401, 428 
Index error (instrumcl<tal)______________________________________ 46 
Initial point- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 138 
Latitudinal curve_____ ______ __ __ __ __ __ ___ _ _ _ _ _ _ _ _ _ _ _ __ _________ 372 
Line tree __________________________________________________ -__ 235 
Location monumenL _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ __ __ _ _ _ _ _ _ ___ 700 
Lode clai m _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 669 

Lost corner___________________________________________________ 360 
"M" and uP" fact(lT"__________________________________________ 133 
Magnetic declinatioll ___________________________________ 40, App. II, 40 

Dig ize b 
Original from 

UNIVERSITY OF INNESOTA 



590 MANUAL OF SURVEYING INSTRUCTIONS

Definitions, or usage of terms relating to the public land surveysâ��Con. Section

Meander line 226

Mean high water 226

Meridian 40

Metes-and-bounds survey 472

Mill site 669

Mine or underground survey 510

Mineral monument 550

Mineral survey 669

Monument 349

Navigability (in law) 4

Obliterated corner 355

Plat 569

Placer claim 669

Principal meridian 140

Proportionate measurement 209, 364

Public domain 2

Range line 8

Regular subdivision 8

Reference monument 250

Resurvey 387

Retracement 387

Secant 128

Section 6

Single proportionate measurement 365

Solar circle .- 41, 112

Standard corner 8

St andard lines 141

Standard parallel 8, 144

Station error 124

Supplemental plat 625

Surveying 1

Swamp and overflowed land 5, 530

Tangent to the parallel 125

Tide land 4, 530, 531, 532

Time: apparent; apparent noon; equation; local mean; mean solar;

sidereal; standard; sun dial 57

Township 6

Township line 8

Town-site survey 473

True meridian 40

True parallel of latitude 125

Vara App. II, 15

Witness corner 249

Witness point 251

Witness tree (synonymous with bearing tree) 31fi, 319

Deposits (memorials) 325, 327

Direction of lines, referred to the true meridian; magnetic needle, un-

qualifiedly prohibited 14, 40, 41
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Drafting, relating to construction of plats: Section

Areas, and subdivision-of-section lines to be shown 581

Center lines of sections and quarter-sections 196

Compilation of drawing 572

Completing the boundaries and subdivisions of partially surveyed

sections; subdivisional lines of fractional townships 216, 224, 225

Current practice, improvements in methods 570

Data along irregular boundaries 577

Data along township exteriors 576

Directions and distances shown along section boundaries 561, 568, 569

Field drawings 236, 613

Development of map data 614, 615, 616

Fractional lots 197, 198

Fractional townships and fragmentary surveys; relation to adjoining

areas or surveys 578, 579, 580

Inking the drawing 596

Arrangement, spacing, and safeguards 597, 598

Lettering 599

Certificates . 620, 621

Geographic names 617

Memoranda 619

Styles and gages 600, 668

Tabular data .. 619

Titles, and subtitles 618, 668

Locations by balanced total latitudes and departures 574, 593
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Offset lines not shown 575
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Plan of lotting 582

Plane projection 573

Outlying areas relating to former plats 583

No additional outlying areas shown on new plats 214

Scale, and dimensions of sheets 571, 601
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Aerial photographs 614

Coordinated cadastral and topographic surveys 616

Development of hachure from form lines 613

Map features in black 605

Map features in colors 606, 610,611,612

Map features should not obscure or interfere with base drawing;

transparent overprints required on difficult drawings 603, 604, 605

Preparation of overlay 607

Registration 608

Scparat ion of colors 608

Special overlay for timber in certain cases 606, 609, 612, 616

Relief ordinarily shown by hachure 605, 606, 610

Summary of requirements 236
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Water surface and drainage features 605, 606, 611

INDEX 591 

Drafting, relating to construction of plats: Section 
Areas, and subdivision-of-section lines to be shown________________ 581 
Center lines of sections and quarter-sections _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 196 
Compilation of drawing _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 572 

Completing the boundaries and subdivisions of partially surveyed 
sections; subdivisional lines of fractional townships______ _ _ _ 216, 224, 225 

Current pract.ice, improvements in methods_______________________ 570 
Data along irregular boundaries_ _ _ _ ___ _ __ _ __ ________ _ _ _ _________ 577 
Data along township exteriorB____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _______ _ _ _ _ 576 

Directions and distances shown along section boundaries _ _ _ _ _ 561, 568, 569 
Field drawings ______________________________________________ 236,613 

Development of map data ____________________________ 614, 615, 616 
Fractionallots ________________________ .. _____________________ 197,198 

Fractional townshIps and fragmentary surveys; relation to adjoining 
areas orsurveys _______________________________________ 578,579,580 

Inking the drawing____________________________________________ 596 
Arrangement, spacing, and safeguards ______________________ 597,598 

Lettering_____________________________________________________ 599 
~rtificates _____________________________________________ 620,621 

Geographic names_________________________________________ 617 
~emoranda_______________________________________________ 619 
Styles and gages _________________________________________ 600,668 
Tabular data ____ . _________________________________________ 619 
Titles, and subtitles _____________ . ________________________ 618,668 

Locations by balanced total latitudes and departures _____________ 574,593 
Examples _______________________________________________ 594,595 

Offset lines not shown _________________________________ . _ _ _ _ _ _ _ 575 
~eander lines _______________________________________ 220,569,605,606 
Plan of lotting _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 582 

Plane projection_______________________________________________ 573 
Outlying areas relating to former plats___________________________ 583 

No additional outlying areas shown on new plats______________ 214 
Scale, and dimensions of sheets ________________________________ 571,601 
Topography _________________________________________________ . 602 

Aerial photographs _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 614 

Coordinated cadastral and topographic surveys_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 616 
Development of hachure from form lilles_____________________ 613 
Map features in black _________________________________ .. ____ 605 
~ap feat.ures in colors ___________________________ 606,610,611,612 

~ap features shoulrl not obscure or interfere with base drawing; 
transparent overprints rrquired on difficult drawings ___ 603,604,605 

Preparation of overlay _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 607 
Registration _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 608 
Separat.ion of colorR ___________________ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 608 

Special overlay for timber in certain cases .. _ _ _ _ _ 606, 609, 612, 616 
Relief ordinarily shown by hachure _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 605, 606, 610 
Summary of requirements__________________________________ 236 
Syrnbols__________________________________________________ 602 
Tirnber _____________________________________ 605,606,609,612,616 
Water surface and drainage features ___________________ 605,606,611 

Dig ize b 
Original from 

UNIVERSITY OF INNESOTA 



592 MANUAL OF SURVEYING INSTRUCTIONS

Section

Elongated sections 498

Creation of new half township? under some conditions 500

Numbering of sections 501

Lot numbers... -- - 200, 498

Monumentation of survey, including special sixteenth-section corners

when required 499

Procedure to be given in special instructions 502

Situation within the interior portions of townships 502

Ephemeris of the Sun, Polaris, and other Selected Stars, with Companion

Data and Tables, a Manual supplement .... 12

Equal altitude observation of the sun for azimuth; equation employed;

exact time and latitude not required 117

Method employed; series required to guard against error 118

Observing program; plan of reduction ] 19

Example; complete analytical reduction; form of record 120

Same, specimen form of reduction by, and explanation of Table

22, Standard Field Tables 121

Same, reduction to sun's center and verification by independent

analytical process; verification of differential azimuth 122

Equal altitude observation, stellar; for time latitude, and azimuth 123

Erroneous meander lines. (See index) 223, 511

Completion of partially surveyed sections 216

Erroneously omitted areas 511

Restoration of lost corners 380

Erroneously omitted areas 33, 223, 511

Accretion, considerations involved 511, 512, 519, 520

Definition and jurisdiction - 520

Angle points of record-rr.eander ccurs-es are ascertained, and points

monumented 223, 515

Applications for survey, and field examinations 514

Completion of partially surveyed sections. (See index, Subdivision of

a township, this subject.) 216, 223, 224

Erroneous omission 513

Examples, illustration of practice 521

Crooked Lake and Bear Lake Case:

Field examination showed two lakes instead of one 528

Merits of case 528

Surveying procedure 528

Ferry Lake Case:

Field examination showed location of record-meander

courses at great distance from actual bank 525

Merits of case, court's opinion 526

Surveying procedure 527

Moon Lake Case:

Field examination showed no body of water ever present as

represented 522

Merits of case, court's opinion 523

Surveying procedure 524

Meander line is not a boundary in the usual sense, but it loses this

character in the event of fraud or gross error 229, 512
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Erroneously omitted areasâ��Continued Section

Plat construction 516, 519

Memorandum 517, 518

Restoration of lost corners, broken boundaries; recstablishment of

meander courses. (See index, Subdivision of a township, fractional,

fragmentary, or partial surveys) 223, 380, 515

United States as the riparian proprietor 529

Error of closure. (See index, Rectangular limits) 162, 174

Definition 234

Evidence of location of monuments controlling over record of directions

and lengths of lines. 8, 134, 237, 350, 363, 564

Field notes:

Abbreviations 550

Certificates 557

Classification, land, soil, and timber. (See index, Land classifica-

tion.) 556

Compilation of final record 545

Field-note recordâ��

Forms of record 560

Specimen field notes 558, 559

Summary of data and objects to be not"'! . 236

Field notes and field tablets, definition of terms 541, 542, 543

General description of area subdivided 556

General plan and requirements 541, 553

Index diagram 548

Introductory descriptions, explanations, and record of tests of instru-

ment 552

Magnetic declination, value at SE. cor. of township 40

Field tablet record App. II, 40

Monuments, descriptions relating to intitial and closing lines; des-

cription if monument is reconstructed; refer._>nc:', if description has

been entered in current record 554

Names of field assistants , 557

Page headings 549

Record entered in transcribed field notes. (See general index, all sub-

jects.) 551

List of specific requirements and supplemental index 552, 553

Record entered in field tablets 543

Responsibility for records, supervision; conformation to general

practice 544

Retracements 555

Specimen field notes 558, 559

Authorized methods of survey 130, 182

List of specific requirements and supplemental index 553

Summary of data and objects to be noted 236

Title data; examples of form 546

Examples, miscellaneous classes of surveys 547

General rules 8

Geographic positions 47, 73, 132, 133, 619
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Section

Geodetic factors 124

Azimuth, forward and back.

Chord.

Comparison of lengths of lines.

Curvature.

Station error.

Transfer of azimuth.

True parallel of latitude.

Grant boundaries _ 279, 381, 472

Governing township boundaries; rule for placing excess or deficiency of

measurement 137, 161

Guide meridians, method of survey, accurately required 141, 142, 146

Closings, retracement of and connecting measurement on standard

parallels or base line 146

Closing township corners 146, 147, 151, 156

Monuments marked for minimum control under certain conditions 149

When surveyed from north to south 147

Half-mile posts, Alabama and Florida App. V, 376

Historical review of laws. (See index rectangular surveying system; Bureau

of Land Management; General Land Office.) 6, 7, 8, App. I, 6

Horizontal angles, method of repetitions by transit 36

Impassable objects, State, reservation or grant boundary, and large

meanderable bodies of water, restricting subdivisional surveys 212

Improvements on public lands 236

Index errors of verniers, field-tablet record 46, 83

Index of marks employed on corner monuments 258

Marking corner monuments. (See index each class of corners.)

Indian allotment surveys 463, 470

Center quarter-section corners, sixteenth-section corners, and corners

of lower order 468

Lands bordering meandered bodies of water 471

Field-note record and plat 469

Marks on monuments 467, 468

Status diagrams 470

Units of less than quarter-quarter sections 470

Instruments: descriptions, field-note record, forms of record, methods

tests 41, 42, 43, 44, 45, 553

Adjustment of the solar unit App. II, 79

Adjustment of the transit App. II, 41

An outline of the practice 14, 77, 80, 126

Details of construction 78, 100, 112

App. II, 78

Double cross-wires . 112

Repairs App. II, 82

Solar circle 112

Solar transit methods 77, 78, 79, 80, 81, 126

Interior quarter-section corner. See index, Center quarter-section corner.)

Iron posts, adopted generally for corner monuments; description; excep-

tions; sizes as employed for several classes of corners 239, 242

Marking, and setting in ground 243

Marks. (See index, Each class of corners.)

Memorial required under certain conditions 327
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Iron posts, adopted generally for corner monuments; description; excep-

tions; sizes as employed for several classes of corners _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 239, 242 
Marking, and setting in ground ________________________________ ...; 243 

Marks. (See index, Each class of corners.) 
Memorial required under certain conditions_______________________ 327 

Dig ize b 
Original from 

UNIVERSITY OF INNESOTA 



INDEX 595

Iron posts, etc.â��Continued Section

Points on rock outcrop 247

Support in stone mound if needed 246, 327

Year number and orientation 259

Islands. (See index, Meander lines.) 220,233

Lakes. (See index, Meander lines.) 226,232

Land classification, drainage, mineral, relief, soil, timber, topography, water

supply 236

Forest trees reflect their site conditions in relation to drainage 227, 535

Salt marshes bordering coastal areas 532

Soil classification 236(8), 236 (20), 536

Origin, and relation to plant life 539

Outline of properties 538

Purpose, and relation to other conditions 537

Soil studies App. VII, 538

Soil type, example of classification 540

Swamp and overflowed lands 5, 223, 236 (10), 530

Ascertainment of conditions at date of granting act 535

Riparian rights are not applicable 533

Rules of procedure 534

Tide lands 4, 530

Character as recognized by the courts; tidal areas are not subject

to survey as public land 531, 532

Latitude, a factor in all solar and stellar observations 73

Altitude observation of Polaris at any hour angle; equations; examples;

form of record; observing program; use of table given in the Ephem-

eris 76

Altitude observation of Polaris at culmination; equations; examples;

form of record; observing program 76

Meridian altitude observations; equations; examples; form of record;

observing programs 74

Meridian altitude observation combined with the meridian passage

observation for time 75

Polaris observation, balanced with a star in the equatorial belt-. 113, 115, 116

Latitude and longitude:

Reductions from known position 132, 133

Shown on township plats 619

Values required 47, 73, 619

Latitude, differential within a township; explanation, Table 2, Standard

Field Tables 73

Legal subdivisions, aliquot parts of sections 161

Lengths of arcs of the earth's surface; explanation, Table 16, Standard

Field Tables 132

Limits, for alinement, measurement and closure, regular sections; for

position, township exteriors 162, 234

Table of latitudes and departures and closing errors of township ex-

teriors 174

Line trees 235

Lottings of new areas not to be shown unless control is provided by survey

and monumentation 214, 215

"M" and "P" factors, for computation of geographic position 133
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Land classification, drainage, mineral, relief, soil, timber, topography, water 
supply_________________________________________________________ 236 

Forest trees reflect their site conditions in relation to drainage _____ 227,535 
Salt marshes bordering coastal arcas_ _ __ _ _ __ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 532 
Soil classification _________________________________ 236 (8), 236 (20), 536 

Origin, and relation to plant life_____________________________ 539 
Outline of properties_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 538 

Purpose, and relation to other condi tions _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 537 
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Ascertainment of conditions at date of granting acL___________ 535 
Riparian rights are not applicable___________________________ 533 
Rules of procedure______________ ___________ _ __ ______ _ _ _ ____ 534 

Tidelands ____________________________________________________ 4,530 

Character as recognized by the courts; tidal areas are not subject 
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Latitude, a factor in all solar and stellar observations__________________ 73 
Altitude observation of Polaris at any hour angle; equations; examples; 

form of record; observing program; use of table given in the Ephem-
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Altitude observation of Polaris at culmination; equations; examples; 
form of record; observing program_____________________________ 76 
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Values required ___________________________________________ 47,73.619 
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Field Tables____________________________________________________ 73 

Legal subdivisions, aliquot parts of sections___________________________ 161 
Lengths of arcs of the earth's surface; explanation, Table 16, Standard 

Field Tables____________________________________________________ 132 
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position, township exteriors _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 162, 234 

Table of latitudes and departures ann closing errors of township ex-
teriors_____________________________________________________ 174 

Linetrees_________________________________________________________ 235 

Lottings of new areas not to be shown unless control is provided by survey 
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"M" and up" factors, for computation of geographic position_____________ 133 
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Section

Magnetic declination 236 (19)

Detail of field-tablet record App. II, 40

Use of needle prohibited for azimuth determination 40

Value at southeast corner of township 40

Manuals of Surveying Instructions 1

The Manual Supplements:

Restoration of Lost or Obliterated Corners and Subdivision of

Sections 13

Standard Field Tables.. 11

TheEphemeris 12

Marking corner monuments; identification of position by letters, figures,

grooves, and notches 255

Index of marks employed â�¢ 258

Iron posts, year number, and orientation 259

Marking tools 256

Marks. (See index, Each class of corners.)

Stone monuments 281

Tree monuments . 297, 298

Witness corners 257

Marking lines between corners; blaze and hack marks; line trees; marks

relate to true line only; methods and requirements; undergrowth 235

Meander corners 140, 143, 151,179, 228, 233

Arrangement and marking of accessories 341

Marks on iron posts 273

Marks on stone monuments 295

Marks on tree monuments 314

Meander lines; mean high-water elevation, legal definition, location 226

Artificial lakes and reservoirs will be located but not segregated 232

Auxiliary meander corners 232, 233

Bank line marked by action of water, explanation of controlling

escarpment 227

Distances across water, field-note record 228, 233

Islands, rules for survey and meandering and for ascertaining their

location; date of formation of islands to be considered when found

in navigable bodies of water and in all fragmentary surveys; field-

note record; names, and identification by lot number; subdivision.- 233

Lakes, rules for meandering and for ascertaining their location if

entirely within a section 232

Meander corners 228, 233

Method of surveying meander lines; accuracy required; field-note

record; objects to be noted 230

Navigable water. 4, 530, 531, 532

Rivers, rules for meandering 231

Special meander corners 232, 233

Upland within swamp and overflowed lands to be traversed but not

segregated as an island 233

Use and purpose of meander lines, legal conception 229

Mean high-water elevation. (See index, Meander lines.) 226
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The ManualSupplemenls: 
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Sections________________________________________________ 13 
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Markingtoo~_________________________________________________ 256 
Marks. (See index, Each Cla88 of corner8.) 
StonemonumentB_____________________________________________ 281 
Tree monuments ____________________________________________ 297,298 
Witness corners ______________ - _____ - _ - _ _ _ _ _ _ ____ _ _ ___ _ _ ______ _ 257 
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Artificial lakes and reservoirs will be located but. not segregated_ _ _ _ _ _ 232 
Auxiliary meander corners ____________________________________ 232, 233 

Bank line marked by action of water, explanation of controlling 
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Distances across water, field-note record ________________________ 228,233 
Islands, rules for survey and meandering and for ascertaining their 

location; date of formation of islands to be considered when found 
in navigable bodies of water and in all fragmentary surveys; field-
note record; names, and identification by lot number; subdivision__ 233 

Lakes, rules for meandering and for ascertaining their location if 
entirely within a section______________________________________ 232 

Meander corners ____________________________________________ 228,233 

Method of surveying meander lines; accuracy required; field-note 
record; objects to be noted___________ __________ ____ __ _ _ _ _ _ _ _ _ _ 230 

Navigable water _______________________________________ 4,530,531,532 
Rivers, rules for meandering_ ________ __ ____ _ _ _ _ _ _ _ _ _________ _ _ _ _ 231 
Special meander corners ______________________________________ 232,233 

Upland within swamp and overflowed lands to be traver:led but not 
segregated as an ~land_______________________________________ 233 

Use and purpose of meander lines, legal conception________________ 229 
Mean high-water elevation. (See index, Meander line8.)_______________ 226 
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INDEX 597

Section

Measurements, by long steel tape; reductions to horizontal equivalents and

differences of elevation 17

Example, using traverse tables 18

Diagrams for reductions 19

Example, using diagrams 20

Reliability . 21

Measurements, by stadia; field-note record; reductions to horizontal dis-

tances and differences of elevation; specifications for rods and limita-

tions; tests of stadia-wire interval 22, 32

Example, field-note record, ratio 1:132 . 29

Same, ratio 1:100 App. II, 31

Example, general statements in field notes 23

Example, test of wire interval, ratio 1:132 27

Same, ratio 1:100 App. II, 31

Explanation, adaptation to public-land surveying practice, ratio 1:132. 26

Same, ratio 1:100 81

Explanation, Table 5, Standard Field Tables; field-note record,

essential details only 28

Explanation, Table 6, Standard Field Tables. 25

Recapitulation approved practice 30, 32

Trigonometric notation and equations 24, 34

Vertical wires, horizontal rod 33, 34

Measurements, by triangulation, methods, and requirements of field-note

record 35

Angles by method of repetitions 36

Angles to be balanced 37

Base-line measurements 37

Examples, showing forms of field-note record 38

Recapitulation, approved practice 39

Measurements, requirements of field-note record 14, 16, 17, 35, 553

Unit 15

Memoranda on plats 619

Memorials (deposits) 325, 327

Meridians and base lines, initial points; maps thereof; table of latitudes and

longitudes 138, 139

Meridional section lines, parallel to the governing township boundary; ex-

planation, Table 2, Standard Field Tables. 131

Metes-and-bounds surveys of irregular tracts 472

Mine or underground surveys 510

Mineral segregation surveys 504

Connecting lines, and traverse of boundaries of mineral claim 506

Lotting of agricultural land is principal objective 505

Monumentation 507

Plat construction 510

Procedure regarding survey of mineral claim 509

Retnacements, and restoration of lost corners under certain conditions

of distortion or obliteration of section-line boundaries 508
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Example, using traverse tables_ _ _______ _ _ __ _________________ 18 
Diagrams for reductions___ __ _______________ _ __ __ _ _ _____________ 19 
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Reliability____________________________________________________ 21 
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tions; tests of stadia-wire intervaL ________________________________ 22,32 

Example, field-note record, ratio 1:132___________________________ ~ 29 
Same, ratio 1:100 ____________________________________ App. 11,31 

Example, general statements in field notes________________________ 23 
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Same, ratio 1:100 ____________________________________ App. II, 31 
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Same, ratio 1:100 _____ .____________________________________ 31 
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essential details only __ __ ___ _ __ _ _ _ _ ____ _ _ _ ___ __ _ _ _ _ __ __ _______ 28 

Explanation, Table 6, Standard Field Tables______________________ 25 
Recapitulation approved practice _______________________________ 30,32 
Trigonometric notation and equatioDS ____________________________ 24,34 
Vertical wires, horizontal rod ____________________________________ 33,34 

Measurements, by triangulation, methods, and requirements of field-note 
record__________________________________________________________ 35 

Angles by method of repetitions_________________________________ 36 
Angles to be balanced___ ________________________ _ _ _ _ __ __ _______ 37 
Base-line measurements_ _________________________ _ _ ___ _________ 37 

Examples, showing forms of field-note record______________________ 38 
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Measurements, requirements of field-note record _____________ 14,16,17,35,553 tTnit_________________________________________________________ 15 

Memoranda on plats_______________________________________________ 619 
Memorials (deposits) _____________________________________________ 325,327 

Meridians and base lines, initial points; maps thereof; tahle of latitudes and 
longitudes ____________________________________________________ 138,139 
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planation, Table 2, Standard Field Tables_ _________________________ 131 

Metes-and-bounds surveys of irregular tract.q__________________________ 472 
Mine or underground surveys_ _ _ __ __ __ _ __ _ _______ _ _ __ _ _ _ __ _ _ _ _ ______ 510 
Mineral segregation surveys_____ ____ _____ __ _ _ ___ _ __ _ _ __ _ _ __ _ _ _______ 504 

Connecting lines. and traverse of bnundaries of mineral claim_ _ _____ 506 
Lotting of agricultural land is principal objective__________________ 505 
Monumentation_______________________________________________ 507 
Plat construction________________ ___ __ ___________ ________ ____ __ 510 

Procedure regarding survey of mineral claim______________________ 509 
Retn!Lcements, and restoration of lo~t cornel1! under certain conditions 
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598 MANUAL OF SURVEYING INSTRUCTIONS

Mineral Surveys: Section

Amended surveys 730, 731

Applications for survey and order _ 670, 678, 682

Appointment of mineral surveyors; applications and qualifications;

appointment and bond; compensation; limitation of professional

services; district; reappointments; suspension of appointments 670

Boundaries of each claim to be ascertained 673

Amended location certificate 682

Boundaries confined to location 677, 679, 680

Failure to show discovery or to mark boundaries of location 682

Locations prior to May 10, 1872 684

Closure of boundaries 6P5

Computation sheets 709

Connecting lines to corners of conflicting surveys, and to locations if

excluded 694, 698

Claims under same ownership 697

Field-note record 699

Two locations of same survey 695

Unsurveyed locations 696

Connecting lines to corners of neighboring surveys 699

Connecting lines to location monument or subdivisional corner. 687, 688, 689

Corner of millsite 692

Corner monuments, establishment 704

Bearing objects and trees 706

Marks 704

Material - 703

Witness corners 705

Definition -,. 669, 671, 672

Deposit for cost of office work 670

Direction of lines 675

Discovery point 681, 685, 720

Employment of assistants 670

Field-note record 708

Address of claimant 715

Amended surveys 731, 732

Areas to be shown or reported 712, 713

Improvements 720, 721, 726

Lode line 685

Names of locations and survey numbers 711

References to subdivisional survey 714

Specimen field notes 710

Topography 702, 707, 733

Improvements (or development) 716

Certificate 717

Common improvements 721, 723, 724, 725

Labor or improvements (or development), definition 718, 719

Location to be ascertained 720

Millsite included with lode claim 722

Numbering 720

Report to be made if improved under abandoned location 720, 728

Supplemental proof 727

Value to be ascertained 721
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Address of claimanL_______________________________________ 715 
Amended surveys ________________________________________ 731,732 
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IInprovements ______________________________________ 720,721,726 
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INDEX 599

Mineral Surveysâ��Continued Section

Length and width of claim 685, 686

Location monument, establishment 690, 700

Bearing objects and trees, topographic map 702

Construction and marks â�¢ 701

Lode line position to be recorded in field notes and shown upon plat. 685

Qualifications 686

Magnetic declination - 676

Measurement of lines 674

Mineral laws 6G9, 670

Appointments 670

Improvements 716

Locations prior to May 10, 1872 684

Locations to be marked 680

Restrictions on mineral surveyor 670

Numbering of corners 688, 691

Contiguous claims 693

Millsite 692

Placer claims 693

Placer claims, descriptive report 729

Plat 709

Amended surveys 731

Approval 734

Certificate 733

Detail to be shown : 733

Disposition 734

Lode line 685

Order of approval 670

Specimen mineral plat 733

Subdivisional survey to be shown 714

Survey number -. 678, 692

Topography - - 702, 707, 733

Witness corners 705

Mineral surveys or claims on township plats 236 (13 and 201 569, 626

Monumentation of corners; durable construction required; permanence

of legal status attaches to acceptance of survey _ 237

Accessories; witness corners; reference monuments; witness points.

(See indexes same subjects.) 240

Corners in roadways 250

Field-note record 241

Marks. (See index, each class of corners.)

Monuments for minor subdivisions 239, 274

Monuments in cultivated fields or meadows 252

Monuments on rock outcrop 242, 247

Monuments where surveys ai e discontinued 253

Regulation monuments provided 239

Substitutions for regulation monument restricted 239, 242, 244

Mound of earth omitted in current practice 329

Mound of stone. (See index, each class of corners).. _ 326

Omitted under certain conditions; marked stone deposit or other

memorial to be supplied 327
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Mineral Surveys--Continued 8eetfOD 

Length and width of claim ____________________________________ 685,686 
Location monument, establishment ____________________________ 690, 700 

Bearing objects and trees, topographic map___________________ 702 
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Approval_________________________________________________ 734 
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Specimen mineral pIaL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 733 

Subdivisional survey to be shown___________________________ 714 
Survey nuIDber _____________________________________________ 678,692 
Topography ____________________________________________ 702,707,733 
Witness corn.ers __________________ - - - _________ - _ - _ - - _ _ _ _ _ _ _ _ _ _ _ 705 

Mineral surveys or claiIDs on townshIp plats __________ 236 (13 and 20) 569, 626 
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(See indexes same suLjects.)___________________________________ 240 
Comers in roadways___________________________________________ 250 
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Marks. (See index, each class of corners.) 
Monuments for minor subdivisions ____________________________ 239,274 
Monuments in cultivated fields or IDeadows______________________ 252 
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Section

Navigable waters, sovereignty within the States; tide lands and beds of

navigable waters not subject to survey 4, 530, 531, 532

Accretion 520

Islands 233

Riparian right 512

Rivers and streams R. S. 2476 6

Nonnavigable waters:

Accretion : 520

Islands 233

Objects to be noted- 236 (6)

Riparian right 512

Rivers and streams R. S. 2476 6

Numbering, townships, sections 135

Fractional lots - - 196, 199, 200

Lot numbers not to be duplicated within a section 224

Objects to be noted and field sketches 236, 602, 613, 614, 615, 616

Observations for time, latitude and azimuth; adaptation of methods to

public-land surveying practice; comparison of methods; verification of

results 100, 113, 114, 115, 116

Observations for time, latitude, and azimuth; conventional notation;

equations or formulas; general statement; requirements of field-note

record; Standard Field Tables; Ephemeris 47, 553

Analytical notation, with diagrams, examples, and symbols employedâ��

Approximation 48

Azimuth; reduction to the sun's center; example- 55

Declination of the sun or Polaris; examples 54

Latitudeâ�� 52, 73

Longitude 47, 53

Observed vertical angle, and reduction to the sun's center 49, 51

True vertical angle; correction for refraction; correction for the sun's

parallax; examples; tables 50, 56

True zenith distance; examples 51

Obsolete corners to be connected to new monuments; former to be removed

if useless, or preserved under certain conditions; field-note record 163

Outlying areas. (See index, Subdivision of a township, completion of partially

surveyed sections.) 216

Parallels of latitude; tangents or great circles; relation of lines 125

Parallels of latitude; establishment 125

Solar method; limitations 126

Tangent method; explanation, Tables 12 and 13, Standard Field

Tables; necessary objections 127

Secant method; explanation, Tables 14 and 15, Standard Field Tables;

this method generally recommended 128

Pits; characteristics; favorable conditions essential. (See index, Each class

of corners) 328

Specifications 329

Plats, construction of field drawings 236, 613, 614

Plats, in generalâ��original surveys:

Acceptance completes legal status of survey 561, 620

Aerial photographs, and use of data 614

Annulment or disapproval is, in effect, a cancellation of survey 563
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True vertical angle; correction for refraction; correction for the ~un's 
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Tangent method; explanation, Tables 12 and 13, Standard Field 
Tables; necessary objections _________________________________ _ 

Secant method; explanation, Tables 14 and 15, Standard Field Tables; 
this method generally recommen ded __________________________ _ 

Pits; characteristics; favorable conditions essential. (See index, Each class 
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216 
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Specifications_________________________________________________ 329 
Plats, construction of field dmwings ____________________________ 236,613,614 

Plats, in general-original surveys: 
ACceptance complates legal status of survey____________________ 561,620 
Aerial photographs, and use of data______________________________ 614 
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INDEX 601

Plats, in generalâ��original surveysâ��Continued Section

Base drawing 569

Certificates; jurisdiction, approval and acceptance 620

Forms 621

Construction of field drawings and use of aerial photographs.. 236, 613, 614

Copies for public 622

Descriptions of public land, for identification, relate to official plat 562

Detail of directions and lengths of lines, and areas 236, 561, 568, 569, 581

Connecting lines 163, 190, 232, 233, 254, 601

Disposition of original, duplicate and triplicate 622, 623, 624

Fragmentary surveys Â» 639

Areas, lotting and scale . . 641

Certificates and memorandum . 643, 644

Correlation with original 643

Detail of directions and lengths of lines, and topography 643

Erosion and accretion subsequent to original survey, revised lot-

tings and areas prior to disposal 642

Extension of former surveys, and authority therefor 640

Plats of fragmentary surveys as distinguished from supplemental

plats 626, 639

Titles and subtitles 668

Geographic names 617

Latitude and longitude to be shown 619

Memoranda 619

Mineral plats. (See index, Mineral surveys.) 733

Outlying areas relating to former plats 583

No additional outlying areas shown on new plats 214

Purpose and relation to survey 193, 194, 210, 564, 565

Requirements with reference to the general Manual subjects 566

Specimen township plat. (See Insert No. 1.) 567

Tabular data 619

Titles and subtitles. 618, 668

Points in inaccessible or insecure places 249, 250, 252, 253

Points in roadways 250

Polaris at sunset or sunrise; method employed; settings in azimuth and

altitude; explanation, Table 17, Standard Field Tables; examples in

the use of the Ephemeris 99

Finding position in vertical angle 76

In horizontal angle 92

Polaris observation, balanced with an observation on the sun, or upon a

star or stars within the equatorial belt 100, 113, 114, 115, 116

Polaris, the North Star; accuracy of observations; diagram of constella-

tions; explanation of diurnal circle; naked-eye identifi<at an 60

Conversion, mean time interval into an equivalent s de eal time inter-

val, or vice versa; example; explanation, Table 19, Standard Field

Tables 65

Elongation, Greenwich meridian 63

Elongation, local meridian; examples; explanation, Table 19, Stand-

ardField Tables; reduction for latitude 64

Hour angles at elongation, variable, and azimuths; explanation and

diagram 60
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Extension of former surveys, and authority therefor____________ 640 
Plats of fragmentary surveys as distinguished from supplemental 
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Geographic names_ ____ _ __ _ __ _ ___ _ ___ ___ _______ __ _ _ _____ _____ __ 617 

Latitude and longitude to be shown______________________________ 619 
~eDloranda___________________________________________________ 619 
Miner.al plats. (See index, MineraI8urvey8.)______________________ 733 
Outlying areas relating to former plats_ __________________________ 583 

No additional outlying areas shown on new plats______________ 214 
Purpose and relation to survey _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 193, 194, 210, 564, 565 
Requirements with reference to the general Manual subjects________ 566 
Specimen township plat. (See In8ert No. 1.)______________________ 567 
Tabular data_____ _ _ _ _______________ ___ _ _ _ __ _ _ __ __ ___________ _ _ 619 
Titles and subtitles __________________________________________ 618, 668 

Points in inaccessible or insecure places _____________________ 249,250,252,253 
Points in roadways _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 250 

Polaris at sunset or sunrise; method employed; settings in azimuth and 
altitude; explanation, Table 17, Standard Field Tables; examples in 
the use of the Ephemeris_________________________________________ 99 

Finding position in vertical angle________________________________ 76 
In horizontal angle____________________________________________ 92 

Polaris observation, balanced with an observation on the sun, or upon a 
star or stars within the equatorial belL ______________ 100, 113, 114, 115, 116 

Polaris, the North Star; accuracy of observations; dia~ram of constella-
tions; explanation of diurnal circle; naked-eye identifi(at·~n___________ 60 

Conversion, mean time interval into an equivalent s'deeal time inter-
val, or vice versa; example; explanation, Table 19, ~tandard Field 
Tables_____________________________________________________ 65 

Elongation, Greenwich meridian____ ____ __ _ _ __ _ __ _ _ ___ _ __ __ _ _ __ _ _ 63 

Elongation, local meridian; examples; explanation, Table 19, Stand-
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Hour angles at eloDgation, variable, 'and azimuths; explanation and 
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Polaris, the North Star; accuracy of observations, etc.â��Continued Section

Hour angles, definition as used; diagrams; examples; value at lower

culmination 66, App. II, 66

Mean time hour angle at elongation; equation; example 67

Upper culmination, Greenwich meridian 62

Upper culmination, local meridian; example; explanation, Table 19,

Standard Field Tables 62

Principal meridian, method of survey, accuracy required . 140, 141, 142

Property corners 355, 379

Public lands, acquisition of title, outline by States 2, 10

Public lands, disposal of title, constitutional authority and laws 3

Public lands, jurisdiction in reference to survey and disposal of title 3

Public survey offices, location, active public-land States 9, 10

Quarter-section corners 140, 151, 177, 178, 184, 185, 217, 218, 220

Arrangement and marking of accessories 339, 340

Marks on iron posts , 271, 272

Marks on stone monuments Â» 293, 294

Marks on tree monuments 312, 313

Quarter-section corners, new, of minimum control 164,

168, 169, 171, 172, 188, 217, 218, 220, 225, 457

Records, field notes and plats, where filed, by States 9, 10

Rectangular limits, regular sections; for alinement; for measurement;

for closure 162, 234

Township exteriors, for position .. . â�� 162

Same, for closure 174

Rectangular surveying system, general rules: (1) All established lines un-

changeable after passing of title; (2) identified monuments control over

recorded directions and lengths of lines; (3) rules for location of six-

teenth-section corners; (4) rule for location of center lines of regular

sections; (5) rule for location of center lines of fractional sections; (6) lost

or obliterated corners to be restored to original locations 8, 134

Rectangular surveying system, historical review of laws 6

Bureau of Land Management, and General Land Office, Department

of the Interior; marking of corners; position fixed for all unmarked

subdivision-of-section lines; protection of surveyors; townships,

sections, subdivision of sections, and fractional lots 7, 8, App. 1,6

Rectification of defective exteriors before subdividing. (See index, Town-

ship boundaries, termed defective under certain conditions.) 163

Reference monuments - 250

Accessories -. - 318

Construction and marks - 257

Corners in roadways â��â�� 250

Field notes and plat 254

Refraction, in zenith distance, in polar distance; corrections for barometric

pressure and temperature; explanations, Tables 20, 21, and 23, Standard

Feld Tables - - - 56

Repetition of angles 36

Restoration of Lost or Obliterated Corners and Subdivision of Sections;

a Manual supplement 13

Regional offices â��- 10
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for closure_ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ ___ _ _____ _ __ __ ___________________ 162, 234 

Township exteriors, for position_________________________________ 162 
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sections; (5) rule for location of center lines of fractional sections; (6) lost 
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Field notes and plat___________________________________________ 254 
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INDEX 603

Restoration of Lost Corners: Section

Adjustment to latitudinal curve ..... . . .......... 372

Angle points:

Grant boundaries ........ 381

Nonriparian meander lines 380

Township exteriors 375

Application of control for latitude or departure of fixed points, or

lines, or rule of proportionate measurement 359, 361, 366, 384

Broken boundaries:

Grant boundaries 381

Nonriparian meander lines 380

Township exteriors 375

Corner and monument, definitions 349

Existent corner .. 350

Lost corner 360

Obliterated corner 355

Discrepancies:

Directions and lengths of lines. 3G2, 366,383

Evidence of monuments 354

Identified positions cannot be disturbed 363

Record of topography 358

Unexplained 361, 362, 363

Double proportionate measurement:

Corners of four townships 368, 369

Diagram . 368

Interior corners of four sections 370

Method -. 367, 368

Record distances in one or two directions 371, 382, 383

Evidence, relating to monuments and established lines 349, 352

Accessories 353

Allowance for discrepancies in record of topography 358

Blazing through timber, line trees, recorded objects and topog-

raphy 357

Disagreement with record, resulting from natural causes 354

Identified positions cannot be disturbed 363

â�  Testimony of individuals and collateral records 355

Unexplained discrepancies . 355, 361, 362, 363

Existent corner, definition 350

Extensive obliteration or distortion 385, 386

General principles, search for and identification of evidence; restor-

ation of obliterated monuments 348,

350, 351, 361, 363, 366, 384, 385, 386, 564

Grant boundaries 381

Half-mile Posts, Alabama and Florida App. V, 376

Identification of existent corners; general use and legal recognition 348

Index correction for average error in alinement and measurement 383

Limitation of control 366, 384

Lost corner, definition 360

Miscellaneous control, principle involved, method 384

Order of precedence and limitation of control 366, 384
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Half-mile Posts, Alabama and Florida ______________________ App. V, 376 
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Restoration of Lost Cornersâ��Continued Section

Proportionate measurements:

Broken boundaries 375, 380, 381

Definitions; distribution of excess or deficiency in lengths of lines. 364,

365, 366, 383

Extensive obliteration or distortion 385, 386

Principles involved and application. 359, 361, 363, 367, 372, 384, 385, 386

Single and double proportionate positions 365

Special applications. 379, 384, 385, 386

Property corners 355, 379

Record bearing and distance 382, 383

Record distances in one or two directions 371, 382, 383

Retracements, and search for evidence.. 351, 361, 362

Development of positions from map data 616

Single proportionate measurement:

Adjustments to latitudinal curve 372

Closing corners 378, 386

Exterior section corners; angle points; irregularities in alinement. 375

Meander corners 377, 382

Method 372

Quarter-section corners 375, 376

Standard corners 372, 374

Special cases 379, 384, 385, 386

Two sets of corners 373

Witness corners 356

Resurveys:

Acceptable, but unofficial corner determination, influence exercised

by 355, 379, 398

Acceptable location of a claim; definition of good faith 395, 426, 437

All work subject to approval 408

Amendment of entry; erroneous location, definition of, and treat-

ment 397, 426, 442

Authorizations 388, 401

Bona fide rights of claimants 392, 437

Concerned only in the matter of position 393, 394

Boundary disputes; titles and legal boundaries 379, 389, 401, 441, 646

Certificates, when combining dependent and independent methods 460

Collateral evidence 379, 394

Influence upon restoration of lost corners, and tract segrega-

tions 395, 402, 414, 417, 418, 419, 426, 437, 441

Collateral evidence when acceptable is given full weight; points to

be monumented; to be explained in the field-note record 379,

415, 420, 421, 437

Conditions which necessitate 388

Dependent method, definition 399, 400, 409

Complete retracements required 412, 413

Example 427

Field-note record; monumentation; process; use of collateral

evidence... 410, 411, 422, 423

Field-note record, requirements 420, 422, 423, 424

Memorandum on plats 425, 658, 663

Summary 427

• 
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Restoration of Lost Corners--Continued 8eet10D 
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Influence upon restoration of lost corners, and tract segrega-
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be monumented; to be explained in the field-note record__________ 379, 

415,420,421,437 
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Dependent method, definition _____________________________ 399,400,409 

Complete retracements required ___________________________ 412,413 
Example_________________________________________________ 427 
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INDEX 605

Resurveysâ��Continued Section

Development of methods; preliminary examinations; report; special

instructions 404,405,406,453, 454

Positions secured from developed map data 616

Distorted lines to be reduced to cardinal equivalents for comparison.. 416

Extensive obliteration, general adjustments in position are applied.. 396

Improvements 379, 394

Limitation of influence... 396, 397, 414, 417, 418, 426, 438, 440

Independent method, definition 399, 401, 428

Absentee owners; assistance to owners; segregation of unidenti-

fied claims 440, 443

Appropriated subdivisions all to be located; configuration to be

maintained 441, 446

Closing corners and connecting lines; coordination of metes-and-

bounds surveys and new surveys; monumentation.. 452, 454, 458, 459

Conflicts between segregated claims; procedure 439, 445

Conformable valid claims; limitations; treatment 445, 453

Conformable valid claims and metes-and-bounds segregations;

each tract to be accounted for; field-note record; procedure;

topography 431,445,447,448,451, 452, 458

Extension of tract segregations; unsatisfactory limiting boun-

daries 431, 440

Field-note record, requirements 445, 447, 452, 458, 459, 657

General requirements; field-note titles 458

Limiting boundaries resurveyed by dependent method 429,

430, 432, 454

Lot numbers; new lottings 455, 456, 654, 655, 656

Marks on monuments of limiting boundaries 433, 458

Memorandum on plats 448, 449, 450, 460, 658, 663

Metes-and-bounds survey of nonconformable valid claims;

amendment of entry; conflicting tracts; limiting boundaries;

monumentation; numbering; unaccepted locations 426,

444, 445, 446, 454, 457

â�¢ Monuments of original survey; connecting lines and field-note

record; removal of useless monuments 459

New subdivision of the public lands 428, 453, 454, 458

Order of procedure 436, 453, 454, 457, 458

Plats to show valid claims; exceptions; memorandum on plats.. 448,

449, 450, 645, 658

Segregation of appropriated subdivisions, and control; status

diagrams 434, 435, 437, 438, 440, 446

Vacant parcels of public land; exceptions; isolated tracts; monu-

mentation 457, 458

Jurisdiction over patented lands, public lands 8, 379, 386, 387, 388,

390, 391, 401, 402, 408, 426, 428, 437, 646

Lot numbers, newly created sections, to avoid duplication 456

Plat of resurvey supersedes original as an exhibit of conditions. 565, 645, 646

Principal methods; titles 399, 400, 401, 402, 403

Protection of bona fide rights of claimants 394,

402, 426, 428, 437, 440, 441, 446, 646
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Development of methods; preliminary examinations; report; special 
instructions ___________________________________ 404, 405, 406, 453, 454 

Positions secured from developed map data_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 616 
Distorted lines to be reduced to cardinal equivalents for comparison_ _ 416 
Extensive obliteration, general adjustments in position are applied_ _ 396 
Improvellents_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 379, 394 

Limitation of influence ___________ 396,397,414,417,418,426,438,440 
Independent method, definition _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 399, 401, 428 

Absentee owners; assistance to owners; segregation of unidenti-
fied claims _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 440, 443 

Appropriated subdivisions all to be located; configuration to be 
maintained _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 441, 446 

Closing corners and connecting lines; coordination of metes-and-
bounds surveys and new surveys; monument at ion_ _ 452, 454, 458, 459 

Conflicts between segregated claims; procedure_ _ _ _ _ _ _ _ _ _ _ _ _ _ 439, 445 
Conformable valid claims; limitations; treatment _ _ _ _ _ _ _ _ _ _ _ _ 445, 453 
Conformable valid claims and metes-and-bounds segregations; 

each tract to be accounted for; field-note record; procedure; 
topography _______________________ 431,445,447,448,451,452,458 

Extension of tract segregations; unsatisfa.ctory limiting boun-
daries _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ 431, 440 

Field-note record, requirements ____________ 445,447,452,458,459,657 
General requirements; field-note titles_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 458 
Limiting boundaries resurveyed by dependent method__________ 429, 

430,432,454 
Lot numbers; new lottings ____________________ 455, 456, 654, 655, 656 
Marks on monuments of limiting boundaries ________________ 433,458 
Memorandum on plats _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 448, 449, 450, 460, 658, 663 
Metes-and-bounds survey of nonconformablc valid claims; 

amendment of entry; conflicting tracts; limiting boundaries; 
monumentation; numbering; unaccepted locations_ _ _ ____ _ _ _ 426, 

444,445,446,454,457 
Monuments of original survey; connecting lines and field-note 

record; removal of useless monuments______________________ 459 
New subdivision of the public lands ________________ 428,453,454,458 
Order of procedure ___________________________ 436,453,454,457,458 

Plats to show valid claims; exceptions; memorandum on plats_ _ 448, 
449,450,645,658 

Segregation of appropriated subdivisions, and control; status 
diagrams _____________________________ 434,435,437,438,440,446 

Vacant parcels of public land; exceptions; isola.ted tracts; monu-nnentation ____________________________________________ 457,458 

Jurisdiction over patented lands, public lands ________ 8,379,386,387,388, 
390,391,401,402,408,426,428,437,646 

Lot nunnbers, newly created sections, to avoid duplication__________ 456 
Plat of resurvey supersedes original as an exhibit of conditions_ 565, 645, 646 
Principal methods; titles __________________________ 399,400,401,402,403 
Protection of bona fide rights of claimants _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 394, 

402,426,428,437,440,441,446,646 
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Resurveysâ��Continued Section

Purpose 387,388

Special instructions, suspension of monumentation under unusual

circumstances 407, 426, 446

Quarter-section corners, maximum and minimum control 457

Resurvey plats:

Certificates 663

Dependent resurveys:

Areas; revision shown in certain exceptional cases 661, 662, 665

Memorandum on plats 425, 460, 647, 657, 658, 659, 663

Total areas within sections and tabular data .. 662

Detail of directions and lengths of lines, lettering, and topography.- 659

Independent resurveys:

Areas 660, 662,665

Index, appropriated subdivisions; example 652, 653

Index, isolated tracts of vacant public lands 651

Index, overlapping claims; reference to areas in conflict 657

Index, segregated tracks; example 649, 653

Same, including component parts as necessary; example.- 650, 653

Lot numbers, new lottings; vacant public lands.. 455, 456, 654, 657, 660

Same, unpatented entries or selections, and isolated tracts

of vacant public lands; may be lotted in terms of resurvey

under special conditions - 455, 655, 656

Memorandum on plats 448, 449, 450, 460, 647, 657, 6S8, 659, 663

Metes-and-bounds surveys, detail of directions and lengths of

lines, and topography 451

Overlapping claims .. 445 (6), 657,658

Protraction of tract subdivisions 665

Supplemental plats, showing revised form of conflict-free lot-

tings - -- 657,664,665,666

Total areas within sections, and tabular data 662

Valid claims to be shown or accounted for; methods 445 (5)

445 (6), 448, 647, 648

Methods to be suited to conditions 667

Plat of resurvey supersedes original as an exhibit of conditions. 565, 645, 646

Titles and subtitles 668

Retracements; an extended discussion, applicable to the very old surveys.

Manual supplement, Restoration of Lost or Obliterated Corners and

Subdivision of Sections . 13

Retracements; field notes, arrangement and requirements 555

Riparian rights 233,512,513,533

Rivers. (See index, Meander lines) 226,231

Sectional correction line 150, 168, 185

Sectional guide meridian 150, 169, 184

Conditions where required in fractional, fragmentary, or partial

subdivision of a township 213

Section corners 140, 151, 177, 184, 185

Arrangement and marking of accessories 335, 336, 337

Marks on iron posts 267,268, 269

Marks on stone monuments 289, 290, 291

Marks on tree monuments 308, 309, 310

Section lines, when run as offsets to township exteriors 155, 212
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Index, isolated tracts of vacant public lands__________________ 651 
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of vacant puhlic lands; may be lotted in terms of resurvey 
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Valid claims to be shown or accounted for; methods ___________ 445 (5) 

445 (6), 448,647,648 
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Plat of resurvey supersedes orIginal as an exhibit of conditions_ 565, 645, 646 
Titles and subtitles _______ - - - ___ -__ - --- - ___________ - __ - _ __ _ _ ___ 668 

Retracements; an e~tended discllssion, applicable to the very old surveys. 
Manual supplement, Restoration of Lost or Obliterated Corners and 
SubdivisionofSections _______________ ---_______________________ 13 

Retracements; field notes, arrangement and requirements______________ 555 
Riparian rights ________________________________________ 233,51~513,533 
Rivers. (See index, Meander lines) ________________________________ 226,231 
Sectional correction hne ______________________________________ 150,168,185 
Sectional guide meridian ______________________________________ 150,169,184 

Conditions where required in fractional, fragmentary, or partial 
subdiVIsion of a township_____ ________________________________ 213 

Section comers ______________________________________ 140,151,177,184,185 
Arrangement and marking of accessorics ____________________ 335,336,337 
Marks on iron posts _____________________________________ 267,268, 269 
Marks on stone monuments _______________________________ 289,290,291 
Marks on tree monuments ________________________________ 308,309,310 
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INDEX 607

Section

Settlement on public lands 236

Sighting, telescope direct; telescope reversed; explanation 70

Sixteenth-section corners, required in special cases 193, 215, 224, 239, 468

Arrangement and marking of accessories - 342, 343

Marks on iron posts 274, 275

Soil classification. (See index, Land classification) 536

Soil studies _ App. VII, 538

Solar circle, definition â�� 41

Description 112

Special instructions for all surveys 461

Appropriation 462 (4)

Authorization _ 462 (3)

Diagrams and status data 462 (8)

Field notes, plats, and reports; computation sheets and other field

papers - 462 (9)

Field sketch plats and other drawings 236, 613, 614, 615, 616

History of earlier surveys 462 (6)

Limit and character of work 462 (5)

Method and order of procedure 462 (7)

Modification of instructions 462 (10)

Preliminary statement 462 (2)

Record of established surveys 554

Special types of corner monuments 558

Subdivision of sections by survey 463

Title data 462 (1)

Special meander corners 232, 233

Arrangement and marking of accessories 344

Marks on iron posts 276

Marks on stone monuments 296

Marks on tree monuments . 315

Specimen mineral plat (Insert No. S) 733

Specimen township plat (Insert No. 1) 567

Standard Field Tables, a supplement to the Manual 11

Standard Field Tables, explanations 11

Table 2 73, 131

5 28

6 25

11 124, 130

12, 13. 127

14, 15 128

16 132

17 - - 99

18 58

19 62, 64, 65

20, 21 56

22 83, 121

23 56

Standard lines, definition; two sets of measurements required under certain

conditions 141, 149

Method of survey, accuracy required 142

Standard parallels, method of survey, accuracy required 141, 142, 144
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SectiOD 
Settlement on public lands____________________________ ______________ 236 

Sighting, telescope direct; telescope reversed; explanation_______________ 70 
Sixteenth-section corners, required in special cases _______ 193,215,224,239,468 

Arrangement and marking of accessories ________________________ 342,343 
Marks on iron posts _________________________________________ 274,275 

Soil classification. (See index, Land clos8ification)_____________________ 536 
Soil studies ________________________________________________ App. VII, 538 
Solar circle, definition______ ____ ________ _ ___ _ __ _ __ __ _ ___ ____ _ _ __ _ _ __ 41 

])escription___________________________________________________ 112 
Special instructions for all surveys___________________________________ 461 

Appropriation ________________________________________________ 462 (4) 
Authorization ________________________________________________ 462 (3) 
])iagrams and status data _____________________________________ 462 (8) 

Field notes, plats, and reports; computation sheets and other field 
papers _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____ - _ _ _ 462 (9) 

Field sketch plats and other drawings ______________ 236,613,614,615,616 
History of earlier surveys ______________________________________ 462 (6) 
Limit and character of worL __________________________________ 462 (5) 
Method and order of procedure _________________________________ 462 (7) 
Modification of instructions ___________________________________ 462 (10) 
Preliminary statement- _______________________________________ 462 (2) 
Record of established surveys_ _ __ __ _ _____ ________ __ _____________ 554 
Special types of corner monuments______________________________ 558 
Subdivision of sections by survey________________________________ 463 
Title data_ __ __ __ _ _ __________ __ __ __ __ __ __ __ _ _ _ _ _ _ __ _ _ _______ 462 (1) 

Special meander corners __________________________________________ 232,233 
Arrangement and marking of accessories__________________________ 344 
Marks on iron posts_ _ _ _ __ _ _ __ ____ _________ _________ ___________ 276 
Marks on stone monuments_____________________________________ 296 
Marks on tree monuments_ _ _ _ _ _ _ __ ____ ___ _ __ __ _ _ _ _ __ _ _ _ _ _______ 315 

Specimen mineral plat (Insert No. f)_________________________________ 733 

Specimen township plat (Insert No. 1)-------------------------------- 567 
Standard Field Tables, a supplement to the ManuaL__________________ 11 
Standard Field Tables, explanations_ _ _ _ _____________________________ 11 

Table 2 _____________________________________________________ 73, 131 
5______________________________________________________ 28 
6______________________________________________________ 25 

11 ____________________________________________________ 124, 130 

12, 13___________________________________________________ 127 
14, 15___________________________________________________ 128 
16______________________________________________________ 132 
17______________________________________________________ 99 
18______________________________________________________ 58 
19 ___________________________________________________ 62,64,65 
20, 21___ ___ _ ________________ _ _ _ _ _ __ _ _ __ ___ _ __ ______ ___ _ _ 56 
22 _____________________________________________________ 83, 121 
23______________________________________________________ 56 

Standard lines, definition; two sets of measurements required under certain conditioDB ____________________________________________________ 141, 149 

Method of survey, accuracy required_____________________________ 142 
Standard parallels, method of survey, accuracy required __________ 141, 142,144 
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Section

Standard quarter-section, section, and township corners . 143

Arrangement and marking of accessories 330, 338

Marks on iron posts 260, 265, 270

Marks on stone monuments 282, 287, 292

Marks on tree monuments 301, 306, 311

Stellar observations, equatorial belt; selection of stars: identification;

preparation for observation; hour angle; horizontal and vertical angles.. 61

Example 68

Hour angles 65, 66

Meridian passage 62

Planets, for proximity App. II, 61

Star magnitudes App. II, 61

Time of Greenwich transit as derived from the American Ephemeris

and Nautical Almanac App. II, 62

Stellar observation for time, latitude, and azimuth; balanced 113

Examples... 113, 114, 115,116

Stone corner monuments employed under certain conditions; minimum

dimensions; quality 244

Marking, and setting in ground 245, 281

Marks. (See index, Each class of corners.)

Memorial required under certain conditions 327

Points on rock outcrop 247

Support is stone mound if needed 246, 327

Subdivision of a township, completion of partially surveyed sections; prin-

ciples involved 216, 224

Diagrams and examples ... App. II, 216,221

Fractional areas, lengths of lines to be resolved into proportional

distances 221

Outlying areas, plat to be annulled if irregular, and if no entries have

been made 583

Rectification of inherited errors in alinement 218, 220

Rectification of inherited errors in measurement 217,220

Subdivision of fractional sections resulting from completion of frag-

mentary surveys 224

Subdivision of a township, fractional, fragmentary, or partial surveys 211

Alteration of marks on previously established monuments where

necessary; closing section corners; corners of two sections; lottings

adjacent to previously svrveyed lines if defective; quarter-section

corners, new, or minimum control 225

Determination of closing error, and data for calculation of areas 215

Direction of survey from north to south, and from west to east under

certain conditions 212, 213, 225

Erroneous meander lines. (See index, Erroneously omitted areas.). 3, 223, 511

Impassable objects, State, reservation, or grant boundary, and large

meanderable bodies of water, restricting subdivisional surveys 212

Lottings of new areas not to be shown unless control is provided by

survey and monumentation 214, 215

New lots and numbers; lot numbers not to be duplicated within a

section; rectangular limits extended to meridional lines; rules for

subdivision of sections resulting from fragmentary surveys 224

Restoration of lost or obliterated corners; field-note record. 167, 215, 463, 555
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Marks on tree monuments ________________________________ 301,306,311 
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Example_____________________________________________________ 68 
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Meridian passage______________________________________________ 62 
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Star magnitudes __________________________________________ App. II, 61 

Time of Greenwich transit as derived from the American Ephemeris 
and Nautical Almanac __________________________________ App. II, 62 
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Exam ples_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 113, 114, 115, 116 
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Marking, and setting in ground _______________________________ 245,281 
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Support is stone mound if needed ______________________________ 246,327 

Subdivision of a township, completion of partially surveyed sections; prin-
ciplesinvolved ________________________________________________ 216,224 

Diagrams and cxamplcR ______________________________ App. 11,216,221 

Fractional areas, lengths of lines to be resolved into proportional 
distances __________ .. _______________________________________ 221 

Outlying areas, plat to be annulled if irregular, and if no entries have 
beenmade__________________________________________________ 583 

Rectification of inherited errors in alinement ___________________ 218,220 
Rectification of inherited errors in measurement_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 217, 220 
Subdivision of fractional sections resulting from completion of frag-

mentarysurveys_____________________________________________ 224 
Subdivision of a township, fractional, fragmentary, or partial surveys_ _ _ _ 211 

Alteration of marks on previously established monuments where 
necessary; closing section corners; corners of two sections; lottings 
ad~acent to previously svrveyed lines if defective; quarter-section 
corners, new, or minimum controL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 225 

Determination of closing error, and data for calculation of areas_ _ _ _ 215 
Direction of survey from north to south, and from west to east under 

certain conditions ______________________________________ 212,213,225 

Erroneous meander lines. (See index, Erroneously omitted areas.) _ 3, 223, 511 
Impassable objects, State, reservation, or grant boundary, and large 

meanderable bodies of water, restricting subdivisional surveys_ _ _ _ 212 
Lottings of new areas not to be shown unless control is provided by 

survey and monumentation _________________________________ 214,215 

New Iota and numbers; lot numbers not to be dupilcated within a 
section; rectangular limits extended to meridional lines; rules for 
subdivision of sections resulting from fragmentary surveys_ _ _ _ _ _ _ _ 224 

Restoration of lost or obliterated corners; field-note record _ 161, 215, 4:63, 555 
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INDEX 609

Subdivision of a township, partial surveysâ��Continued Section

Retracement of defective exteriors and section-line boundaries of older

surveys; field-note record 188,192,215,555

Sectional correction line or sectional guide meridian required under

certain conditions 213, 225

Section lines, when run as offsets to township exteriors 212

Subdivision of a township, irregular boundaries; closing section, quarter-

section, and section corners; excess or deficiency of measurement; sec-

tional correction line; sectional guide meridian 183,184,185,555

Closing section lines 188,191,192,555

Connecting measurements to boundaries of States, reservations, grants,

and all private claims; field-note record 190, 192, 555

Corners of two sections ..... ... 189,555

Field-note record 187, 555

Maximum number of normal sections to be secured; rectangular limits. 186

Retracement of defective exteriors . 188,192,555

Subdivision of a township, regular boundaries 181

Closings, retracement of, and connecting measurement on standard

parallels or base line 177

Closing section corners 177

Connecting measurements to boundaries of States, reservations,

grants, and all private claims; field-note record 190, 192

Discrepancies in alinement and measurement; distribution; avoidance

of accumulative errors 181, 234

Excess or deficiency of measurement:

Latitudinal section lines, in west half miles 178

Meridional section lines, in north half miles 177

Field-note record 180

Governing limits for township boundaries, qualifications 175

Latitudinal section lines, by random and true line; certain quarter-

section corners at mid-points 178

Same, direction of survey; random for distance only in certain

cases 182

Mean course of east boundary for control 176, 177

Meander corners 179

Meridional section lines given precedence 180

Meridional section lines, parallel to governing east boundary, or to

mean course thereof 177

Quarter-section corners 177, 178

Recapitulation 181

Rectangular limits 162

Section corners 177

Subdivision of Sectionsâ��Restoration of Lost or Obliterated Corners and;

a Manual supplement . 13

Subdivision of sections by protraction; normal plan 196

Fractional lotting carried into all irregular sections 201

Limits, area and form of fractional lots 198

Lines are terminated at boundaries of private claims, etc., and at

position of record meander courses 197

Numbering of fractional lots 196, 199, 200, 224

Rules for subdivision of sections resulting from fragmentary surveys.. 224
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Subdivision of a towll.8hip, partial surveys--Continued SectioD 

Retracement of defective exteriors and section-line boundaries of older 
surveys; field-note record __________________________ 188,192,215,555 

Sectional correction line or sectional guide meridian required under 
certain conditioll.8____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 213, 225 

Section lines, when run as offsets to township exteriors_____________ 212 
Subdivision of a township, irregular boundaries; closing section, qua.rter

section, an~ section corners; excess or deficiency of measurement; sec-
tional correction line; sectional guide meridian __________ 183, 184, 185,555 

Closing ~ction lines ________________________________ 188,191,192,555 
Connecting mea.cmrements to hounrlaries of States, reservatioll8, grantB, 

and all private claims; field-note record ________________ 190, 192,555 
Comers of two sectioll.8 _____________________________________ 189,555 
Field-note record_ __ _ _ _ _ _ _ _____ ___ _ _______ _____ _ _______ _ _ __ _ _ 187, 555 

Maximum number of normal sections to be secured; rectangular limits_ 186 
Retracement of defective exteriors ________________________ 188,192,555 

Subdivision of a township, regular boundaries_________________________ 181 
Closings, retracement of, and connecting measurement on standard 

paralleb or baseline_________________________________________ 177 
Closing section corners_ __________ __ _________________ _ _ __ _______ 177 

Connecting measurements to boundaries of States. reservations, 
grants, and all private claims; field-note record_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 190, 192 

Discrepancies in alinement and measurement; distribution; avoidance 
of accumulative errors _____________________________________ 181,234 

Excess or deficiency of measurement: 
Latitudinal section lines, in west half miles___________________ 178 
Meridional section lines, in north half miles_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 177 

Field-note record _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 180 

Governing limits for township boundaries, qualifications____________ 175 
Latitudinal section lines, by random and true line; certain quarter-

section corners at mid-points _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 178 
Same, direction of survey; random for distance only in certain 
~qes___________________________________________________ 182 

Mean course of east boundary for controL ______________________ 176, 177 
Meander corners_ _ _ _ _ _ _ __ __ _ _ _ _ _ _ _ _ _ _ __ __________ _____________ 179 
Meridional section lines given precedence _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 180 
Meridional section lines, parallel to governing east boundary, or to 

mean course thereoL______ __________ _ _ __ _ _ ___ __ _ _ _ _ _ _ _ ______ _ 177 
Quarter-section corners___ __ _ ____ _ _ __ __ _ _ __ __ __ ____ _ _ _ __ _ ____ _ 177, 178 
Recapitulation_ _ _ ___ _ __ _ _ __________ ________ __ ___ _ __ _ _ _ _ _____ _ _ 181 
Rectangular Iimits_____________________________________________ 162 
Section corners_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 177 

Subdivision of Sections-Restoration of Lost or Obliterated Corners and; 
a Manual supplement___________________________________________ 13 

Subdivision of sections by protraction; nonnal plan____________________ 196 
Fractional lotting carried into all irregular sections________________ 201 
Limits, area and form of fractionallots___________________________ 198 
Lines are terminated at boundaries of private claims, etc., and at 

position of record meander courses_____________________________ 197 
Numbering of fractionallot8 __________________________ 196, 199,200,224 

Rules for subdivision of sections resulting from fragmentary surveys_ _ 224 
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Section

Subdivision of sections by survey, general rules...... .. 202, 210

Center lines of sections; rule for fixing position of unmarked quarter-

section corners 205

Same, rule for adoption of mean course between section bound-

aries, or parallel to governing boundary of fractional sections.. 206

Center lines of quarter sections; rule for placing sixteenth-section

corners 207

Same, fractional quarter sections . 208

Control from points on section boundaries is essential 203

Lines to be surveyed, if required, will be noted in special instructions.. 463

Order of procedure 204

Proportionate measurements required . 209, 210

Subdivision of sections by survey, unusual cases 463

Center quarter-section corner . 468

Changes in water level, meandered lakes and streams .. 471

Erosion and accretion, meandered lakes and streams ..... 471

Field-note record 469

Indian allotment surveys 463, 470

Lottings, very old surveys . .. 464

Marking of corners . ...... 467

Methods where normal practice appears inapplicable . 465

Nonconformable areas 466

United States as the riparian proprietor 529

Subdivision of sections, control provided; lines when required are usually

run by local surveyors 193, 210

Local authorities have jurisdiction over disputes regarding work per-

formed by local surveyors 195

Parts of sections are related as shown by official plat .. 194, 210

Substitutions for regulation monument restricted 239, 242, 244
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Time: apparent; apparent noon; equation; local mean; mean solar; side-

real; standard; sun dial 57

Time; factor in all solar and stellar observations 57

Altitude observation for time; equations; examples; forms of record;

observing program 69, 70

Conversion, apparent into local mean time; example 59

Conversion, standard into local mean time; example 58

Equation of time; example 59

Explanation, Table 18, Standard Field Tables 58

Hour circle of the solar transit; limited accuracy of time reading 72

Meridian observation of the sun for apparent noon; accuracy; examples;
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Polaris, the time factor in all observations 60, 76, 91

Polaris observation, time by a star or stars within the equatorial

belt 113, 114, 115, 116
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tion before subdividing 163, 165
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Diagrams and treatment of unusual situations 173

East boundary 169

North and west boundaries 172
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Retracement or resurvey required, data secured from the subdivisional

closure is insufficient 166, 183
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General exceptions; limit of 14' from cardinal in certain cases 156
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Township boundaries, etc.â��Continued Section

Irregular order 155

Method of survey, regular order 151

Monumentation; marking true line through timber; topography 153

Monuments marked for minimum control under certain conditions. 157, 171

Random meridional exteriors 152

Rectangular limits 162

Restoration of lost or obliterated corners; field-note record 167

Retracements before subdividing 159

Rule for placing excess or deficiency of measurement 137, 161

Section lines, when run as offsets to township exteriors 155

Subdivisional control; mean course of east boundary 175, 176

Township corners 140, 151

Arrangement and marking of accessories 332, 333, 334

Marks on iron posts 262, 263, 264

Marks on stone monumentsâ��- 284, 285, 286

Marks on tree monuments 303, 304, 305

Town-site surveys 473

Accuracy and closure 476, 480

Block, lot, and alley corner stakes 479

Boundaries and boundary monuments 477

Detail shown upon plat 477, 480, 481, 482, 483, 484, 485, 486, 487, 488

Dimensions of streets, blocks, lots, and alleys 475

Examination of site conditions 474

Field-note record 482

Foot unit of measurement is employed 476

Improvements to be noted specially if in conflict with survey 482

Methods - - - 476, 477, 480, 481

Monuments on street center lines 478

Names, numbers, or letters for streets 485

Numbering of blocks and lots 475

Planning the town-site survey 473

Reservations 487

Tree corner monuments 248, 297

Blaze and scribe marks; overgrowth; surface marks 299

Marking; field-note record, species and diameter 298

Marks. (See index, Each class of corners.)

Ring count furnishes estimate of date when marked 300

True line surveys, offsets, and traverses . 253

Underground or mine surveys 510

United States as the riparian proprietor 529

Units of linear measurement; units of area 15

Upland within swamp and overflowed land, to be traversed, but not segre-

gated as an island 233

Witness corner, definition 249

Accessories ... 318

Avoidance of unnecessary use . .- 249

Construction and marks ... 257

Corners in roadways, and use of reference monument .. 250

Data shown upon plat ..... .... 254

Field-note record ........ ................ 254
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Witness corner, definitionâ��Continued Section

Meander corners 228, 240

Monuments in cultivated fields or meadows 252

Monuments where surveys are discontinued 253

One monument only, usually on true line; selection of points in any

direction under certain conditions 249

Points in accessible or insecure places 249

Reference monuments instead of witness corners where points fall in

roadways 250

Survey of parts of sections 253, 489

True line surveys; offsets and traverses; long triangulation or stadia

measurements 253

Witness points instead of witness corners where distance to true point

for corner exceeds 10 chains 253

Witness points 251

Accessories 318

Construction and marks 257

Field notes and plat 254

Monuments where surveys are discontinued 253

Special monuments on metes-and-bounds surveys 472

Witness trees. (See index, Bearing trees.) 819
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