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DEPARTMENT OF THE INTERIOR
GENERAL LAND OFFICE

WasHINGTON, June 16, 1919.

GeENTLEMEN: It has been deemed advisable to publish advance
sheets of six chapters of a new edition of the Manual of Surveying
Instructions, as follows: (I) Regulations Imposed by Law; (II)
Instruments and Methods; (IIT) System of Rectangular Surveys;
(IV) Corner Monuments; (V) Restoration of Lost Corners; and,
(VI) Resurveys. These advance sheets will immediately supersede
the related provisions of the Manual of 1902, except as may be found
impracticable in the case of surveys already in process of execution,
orin theinstance of returns of surveys now in course of preparation,
otherwise the provisions of the Manual of 1902 will remain in full force
and effect.

Every member of the surveying service is requested to report to
the undersigned any typographical errors which may be detected,
to the end that the same may be removed from the completed
edition.

Very respectfully,
CraYy TALLMAN,
Commissioner.
To the SURVEYING SERVICE OF THE GENERAL LAND OFFICE.
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CHAPTER L

REGULATIONS IMPOSED BY LAW.
THE PUBLIC DOMAIN.

1. The survey of the public lands of the United States is insep-
arably associated with questions relating to the acquisition and dis-
posal of proprietary title to the lands which have been added to the
area included in the original thirteen States. The term ‘‘public
domain” has been applied broadly to the entire aforementioned
area in so far as the lands have been subject to survey and disposal
by the United States, and of interest herein may be mentioned the
twenty-nine Statesand the District of Alaskasurveyed orin progress
of survey under the United States rectangular system, as follows:

Alabama.—Included in the territory of the original thirteen
States, and admitted into the Union December 14, 1819 (3 Stat.,
608); surveys practically completed and original 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, and admitted into the Union Feb-
ruary 14, 1912 (36 Stat., 557 and 37 Stat., 1728); surveys in progress;
United States Surveyor General at Phoenix.
. Arkansas.—Acquired under the Louisiana Purchase, in 1803, and
admitted into the Union June 15, 1836 (& Stat., 50); surveys practi-
cally completed and original recordstransferred to the Commissioner
of State Lands at Little Rock.

California.—Ceded by Mexico, in 1848, and admitted into the
Union September 9, 1850 (9 Stat., 452); surveys in progress; United
States Surveyor General 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, and admitted into
the Union August 1, 1876 (18 Stat., 474, and 19 Stat., 665); surveys
in progress; United States Survevor General at Denver

Florida.—Ceded by Spain in 1819, and admitted into the Umon
March 3, 1845 (5 Stat., 742); surveys practically completed and
original records tra.nsferred to the Commissioner of Agriculture at.

- Tallahassee.
1
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Idahc.—Ae€quited with the Oregen Territory, title to which was
established in 1846, and admitted into the Union July 3, 1890 (26
Stat., 215); surveys in progress; United States Surveyor General at
Bmse

Illinois.—Included in the territory of the ongmal thirteen States
and admitted into the Union December 3, 1818 (3 Stat., 536); sur-
veys practically completed and original records tra.nsferred to the
Auditor of State at Springfield.

Indiana.—Included in the territory of the ongmal thirteen States
and admitted into the Union December 11, 1816 (3 Stat., 399); sur-
veys practically completed and original records transfen'ed to the
Auditor of State at Indianapolis.

Jowa.—Acquired under the Louisiana Purchase, in 1803 and ad-
mitted into the Union December 28, 1846 (9 Stat., 117); surveys
practically completed and original records tra.nsferred to the Sec-
retary of State at Des Moines.

Kansas.—Acquired under the Louisiana Purchase, in 1803, and
with lands annexed with Texas, in 1845, and admitted into the
Union January 29, 1861 (12 Stat., 126); surveys practically com-
pleted and original records transferred to the Auditor of State and
Register of State Lands at Topeka. .

Louisiana.—Included in the Louisiana Purchase, in 1803, and
boundary extended to include additional lands, title to which was
quieted through treaty with Spain in 1819, and admitted into the
Union April 30, 1812 (2 Stat., 701); surveys practically completed
and original records transferred to the Register of State Lands at
Baton Rouge.

Michigan.~—Included in the territory ‘of the original thu-teen
States and admitted into the Union January 26, 1837 (5 Stat., 144);
surveys practically completed and original records transferred to the
Commissioner of State Land Office at Lansing.

" Minnesota.—Included in' the territory of the original thirteen
States, and with lands acquired under the Louisiana Purchase, in
1803, and admitted into the Union May 11, 1858 (11 Stat., 285);
surveys practically completed. and original records tra.nsferred to
the Secretary of State at St: Paul.

Mississippi.~—~Included in' the territory of the orlgmal thirteen
States and admitted into the Union December 10, 1817 (3 Stat.,
472); surveys practically completed and original records tra.nsfetted
to the Commissioner of State Lands at Jackson.
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Missourt.—Acquired under the Louisiana Purchase, in 1803, and
admitted into the Union August. 10, 1821 (3 Stat., 645, and 3 Stat.,
Appendix II); surveys practically completed and original records
transferred to the Secretary of State at Jefferson City.

Montana.—Acquired under the Louisiana Purchase, in 1803, and
with the Oregon Territory, title to which was established in 1846,
and admitted inte the Union November 8, 1889 (25 Stat., 676,.and
26 Stat., 1551); surveysin progress; United States Surveyor Genera.l
ab Helena

Nebraska.—Acquired under the Louisiana Purchase, in 1803 ,and
admitted into the Union March 1, 1867 (14 Stat., 391, and 14 Stat.,
820); surveys practically completed and original records transferted
to the Commissioner of Public Lands and Buildings at Lincoln. .

Nevada.—Ceded by Mexico in 1848 and admitted into the Union
October 13,1864 (13:Stat., 30, and 13 Stat., 749); surveys in progress;
United States Surveyor General at Reno.

New Mexico.—Included with lands annexed with Texas, in 1845,
with lands ceded by Mexico, in 1848, and the Gadsden Purchase, in
1853, and admitted into the Union January 6, 1912 (36 Stat., 557,
and 37 Stat., 1723); surveys in progreES' United States Surveyor
General at Santa Fe.

North Dakota.—Included in the tembory of the orlgmal thn'veen
States, and with lands acquired under the Louisiana Purchase, in
1803, and admitted into the Union November 2, 1889 (25 Stat., 676,
and 26 Stat., 1548); surveys practically completed and original rec-
ords transferred to the State Engineer at Bismarck.

. Oklahoma.—Acquired under the Louisiana Purchase, in 1803, and
Wlth lands annexed with Texas, in 1845, and admitted into the
Union November:16, ]907 (34 Stat., 267, and 35 Stat., 2160); surveys
practxcally completed and orlgmal records filed mth the Commw
sioner of the General Land Office at Washington, D. C.

Ohio.—Included in the territory of the orlo'ma.f thirteen Sta,tes
and admitted into the Union April 30, 1802 (2 Stat., 173); surveys
practically completed and original records tmnsferred to the Auditor
of State at Columbus.

Oregon.—Included in the Oregon Territory, title to whlch wag
established in 1846, and admitted into the Union February 14,
1859 (11 Stat,, 383); surveys in progress; United States Surveyer
General at Portla.nd :

. South Dakota. —Included i in the territory of the omgmal thuteen
States and with lands acqmred under the Louisiana Purchase, in
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1803, and admitted into the Union November 2, 1889 (25 Stat., 676,
and" 26 Stat., 1549); surveys in progress; United States Surveyor
General at Huron.

Utah.—Ceded by Mexico in 1848, and admitted into the Union
January 4, 1896 (28 Stat., 107, and 29 Stat., 876); surveys in progress;
United States Surveyor General at Salt Lake City.

Washington.—Included in the Oregon Territory, title to which
‘was established in 1846, and admitted into the Union November 11,
1889 (25 Stat., 676, and 26 Stat., 1552); surveys in progress; United
States Surveyor General at Olympia.

Wisconsin.—Included in the territory of the original thirteen
States, and admitted into the Union May 29, 1848 (9 Stat., 233);
surveys practically completed and original records transferred to
the Commissioners of Public Lands at Madison.

Wyoming.—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 estab-
Yished in 1846, and with lands ceded by Mexico, in 1848, and
admitted into the Union July 10, 1890 (26 Stat., 222); surveys in
progress; United States Surveyor General at Cheyenne.

District of Alaska.—Ceded by Russia in 1867; surveys in progress;
United States Surveyor General at Juneau.

2. 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, and it is ex-
pressly 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 Territo-
ries not appropriated by competent authority before they were
acquired are in the first instance the exclusive property of the
United States, to be disposed of to such persons, at such times,
in such modes, and by such titles as the Government may deem
most advantageous to the public. Congress alone has the power,
derived from Article IV, section 3, of the Constitution, of disposing
of the public domain a.nd making all needful rules and regulations
in respect thereto.

8. Under the laws of the United States the navigable waters have
always been and shall forever remain common highways, and below:
mean high water the same are not subject to survey and disposal.
This reservation includes all tidewater streams, and other important
permanent bodies of water whose natural and normal condition at
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the date of the admission of a State into the Union was such as to
classify the same as navigable water. i

4. The act of Congress approved 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, and the act of Congress approved Sep-
tember 28, 1850 (9 Stat., 519), extended the grant to the other public
Jand States then in the Union. The grant was also extended to the
States of Minnesota and Oregen by the act ¢f Congress approved
March 12, 1860 (12 Stats., 3). The provisions of the aforementioned
granta apply to the zone situated below the uplands wherein the
lands are of such a character that without the construction of suit-
able levees and artificial drainage systems the same would be wet
and unfit for agricultural purposes. The swamp-land grants apply
to all swamp a.nd ovezﬂowed lands within the beneficiary States
which were unappropriated at the dates of the acts of Congress and
whose character at that timie would bring them within the provi-
sions of said grants. A notable exception to the swamp-land laws
is found in the Arkansas Compromise Act approved April 29, 1898
(30 Stat., 367), by virtue of which all right, title, and interest to
the remaining unappropriated swamp and overflowed lands within
the State of Arkansas reverted to the United States.

$. It comes within the province of the Department of the Inte-
rior to consider and determine what are public lands, what lands
have been surveyed, what are to be surveyed, what have been dis-
posed of,; what remain to be disposed of, and what are reserved, and
it is a well-settled principle of law that the United States, through
the Department of the Interior, has the right to extend the surveys
as may be necessary to include lands omitted from earlier surveys.
1t is an important duty of the surveyor in the field to discriminateé
between what are and what are not public lands of the United
States and to subdivide the former in accordance’with the regula-
tions imposed by law. &

LAWS RELATING 10 SURVEYS.

6. The rectangular surveying system is based upon existing law
and was devised with the object of marking upon the ground and
fixing for all time legal subdivisions for purposes of description and
disposal of the public domain under the general land laws of the
United States.

7. The rectangular system of survey of the public lands was inau‘
gurated by a committee appointed by the Continental Congrem
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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 mentioned.” 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 north-
ward from the Ohio River, the townships being numbered from
south to north, and the ranges from east to west. The region em-
braced by the surveys under this law forms a part of the State of
Ohio: - In these initial surveys only the exterior lines of the town-
ships were surveyed, but the plats were marked by subdivisions
into sections of 1 mile square, and mile corners were established on

30| 20| 28| 27|72 | 25 3

31 32 | 33|34 |35 | 36

the township lines. Fhe sections were numbered irom 1 to 36, and
the surveys were made under the direction of the Geographer of
the United States.

The act: of Congress approved May 18 1796, provided for the
appointment of a surveyor general and directed the survey of the
lands northwest of the Ohio River and above the mouth of the Ken-
tucky 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 numbenng eeotmns, as'shown by
the a(’companylno (h:wram is etill in use.



REGULATIONS IMPOSED BY LAW. . 7

The act of Congress approved May 10, 1800, required the ‘‘town-
ships west of the Muskingum, which * * * are directed to be
gold in quarter townships, to be subdivided into half sections of
three hundred and twenty acres each, as nearly as may be, by run-
ning 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 fram
south to morth. * * * And the interior lines of townships inter-
sected by the Muskingum, and of all the townships lying east of
that river, which have not heen heretofore actually subdivided 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 te or
deducted from the western and northern ranges of sections or half
sections in such townships, according as the error may be in run-
ning the lines from east to west or from south to north.”

The act of Congress approved February 11,.1805, directs the sub-
division of the public lands into quarter sections and provides 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 of half and quar-
ter sections not marked shall be placed as nearly as possible ‘‘equi-
distant from those two corners which stand on the same line.”
This-act further -provides that ‘‘The boundary lines actually run
and marked * * ¥ ghall 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 survey-
ors *. ¥ * ghall 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 fractional townships where no such oppo-
site or corresponding corners have been or can be fixed, the said
boundary lines shall he 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 town-
ghip.” .

< The.act of Congress approved April 125, 1812, prov1ded “That
there shall be established in the Department of the Treasury an
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office to be denominated the General Land Office, the chief officer
of which shall be called the Commissioner of the General Land
Cffice, 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 Secretary and Register of
the Treasury, and of the Secretary of War, or which shall herea.fter
by law be assigned to the said office.”

The act of Congress approved April 24, 1820, provides 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 Congress approved May 29, 1830 (secs. 2412, 2413, R.
S.), provides 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 Congress approved April 5, 1832, directed the sub-
division of the public lands into quarter quarters; that in every ease
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
fractional sections containing less than 160 acres, or the residuary
portion of a fractional 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.

The last two acts above mentioned provided that the corners and
contents of half-quarter and quarter-quarter sections should be ascer-
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tained, as nearly as possible, in the manner and on the principles
directed and prescribed in the act of Congress approved February
11, 1805.

The act of Congress approved July 4, 1836, provided for the re-
organization of the General Land Office, and that the executive
duties of said office ““shall be subject 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 establishment of a General Land Office in the Department of
the Treasury,” and of all acts amendatory thereof, as are incon-
sistent 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 Depart-
ment, and that the commissioner reported directly to the President;
but, as a matter of fact, the Secretary of the Treasury still had
supervisory control, for the act of Congress approved March 3, 1849,
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, where it still remains.

8. The following comprises so much of the general laws relating to
the survey of the public domain as it is deemed necessary to incor-
porate in this volume, reference being made by chapter and section
to the codification of the Public Land Laws, prepared pursuant to
acts of Congress approved March 3, 1879, and June 16, 1880, and by
section number to the Revised Statutes of the United States.

Szc. 32. The Commissioner of the General Land Office shall per-
form, under the direction of the Secretary of the
Interior, all executive duties appertaining to the
surveymv and sale of the public lands of the
Umted States, or in anywise 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 Govern-
ment. (R. S., 453.)

56465°~19—-2

Duties of Com-
missioner.
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8xc. 61. The Commissioner, under the direction of the Secretary
of the Interior, is authorized to enforce and earry
into execution every part of the public land laws
not otherwise specially provided for. (R. S.,
g 2478.)
' Sec. 77. There shall be appointed by the President, by and with
¢ the advice and consent of the Senate, a surveyor
- Surveyor general, gonergl for the Statesand Territories herein named,
how and where ap- ¥ s . & ey
Mithted. embracing, respectively, one surveying district,
namely: Louisiana, Florida, Minnesota, Kansas,
Qalifornia, Nevada, Oregon, Nebraska and Iowa, Dakota, Colorado,
New Mexico, Idaho, Washington, Montana, Utah, Wyoming, Arizona.
(R. 8., 2207.)

Skc. 83. Every surveyor general, while in the discharge of the

Residence of sur- duties of his office, shall reside in the district for
veyor general. which he is appointed. (R. S. 2214.)

Skc. 84. Every surveyor general shall, before entering on the
duties of his office, execute and deliver to the
Secretary of the Interior a bond, with good and
sufficient security, for the penal sum of thirty
thousand dollars, conditioned for the faithful disbursement, ac-
cording to law, of all public money 'placed in his hands, and for
the faithful performance of the duties of his office; and the Presi-
dent has discretionary authority to require a new bond and additional
security, under the direction of the Secretary of the Interior, for the
lawful disbursement of public moneys. (R. S., 2215, 2216.)

Skc. 85. The commission of each surveyor general shall cease and
expire in four years from the date thereof, unless
sooner vacated by death, resignation, or removal
from office. (R. 8., 2217.)

SEc. 86. Every surveyor general, except where the President sees

Continuance of cause otherwise to determine, is authorized to con-
duties and bond tinuein the uninterrupted discharge of his regular
after expiration of official duties after the day of expiration of his
gommission. commission and until a new commission isissued to
him for the same office, or until the day when a successor enters upon
the duties of such office; and the existing official bond of any officer
s0 acting shall be deemed good and sufficient and in force until the
date of the approval of the new bond to be given by him, if recom-
missioned, or otherwise, for the additional time he may so continue

Power of Com-
missioner to make
regulations.

Bond of surveyor
general.

Duration of office.
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officially to act, pursuant to the authority of this section. (R. 8.,
2292.)

Skc. 87. Whenever the surveys and records of any surveying dis-

bR of paperd trict are completed the surveyor general thercof
and discontinuance shall be required to deliver over to the secretary
of office in case of of state of the respective States, including such
completed surveys. g yveys, ortosuch other officeras may be authorized
to receive them, all the field notes, maps, records, and other papers
appertaining to land titles within the same; and the oflice of surveyor
gencral in every such district shall thereafter cease and be discon-
tinued. (R.S.,2218.)

SEC 838. In all cases of discontinuance, as provided in the preced-

ing section, the authority, powers, and duties of

Devolution of tha gurveyor general in relation to the survey, re-
el B 4 bdi £ the lands ther d all
missioner in case of SULVeY,or subdivision of the erein, an
discontinuance. matters and things connected therewith, shall be

vested in and devolved upon the Commigsioner of
the General Land Office. (R. S., 2219.)

Sec. 89. Under the authorltv and direction of the Commw-

sioner of the General Land Office any deputy

Free access to surveyor or other agent of the United States shall
public records de- haye free access to any such field notes, maps,
livered to States,
and condition of records, and other papers for the purpose of
such delivery. takin g extracts therefrom or making copies

thereof without charge of any kind; but no transfer
of such public records shall be made to the authoritics of any State
until such State has provided by law for the reception and safe-
keeping of such public records, and for the allowance of free access
thereto by the authorities of the United States. (R. S.,2220, 2221.)

Src. 99. First. The public lands shall be divided by north and
south lines run according to the trus meridian, and
by others crossing them at right angles, so as to
form townships of six miles square, unless where the line of an In-
dian reservation, or of tracts of land heretofore surveyed or pat-
ented, or the course of navigable rivers, may render thisimpracti-
cable; 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 pro-
gressive numbers from the beginning; each distance of a mile between
such corners must be also distinctly marked with marks different
from those of the corners.

Rules of survey.
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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!; and by making acorner on each of such lines at the end of
" every mile. The sections shall be numbered, respectively, begin-
ning with the number one in the northeast section, and proceeding
west and east alternately through the township with progressive
numbers till the thirty-six be completed.

Fourth. The deputy surveyors, respectively, shall cause to be
marked on a tree near each corner established in the manner de-
scribed, and within the section, the number of such section, and
over it the number of the township within which such section may
be; and the deputy surveyors shall carefully note, in their respective
field books, the names of the corner trees marked and the numbers
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 sec-
tions 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, respectively, 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.?

Seventh. Every surveyor shall note in hjs field book the trus
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 surveyor gen-
eral, who shall cause therefrom a description of the whole lands sur-

1 Authority for the establishment of section lines at intervals of 1 mile is found
in the act of Congress approved May 10, 1800, previously quoted.

2The superior results obtained by the use of modern steel ribbon tapes, in con-
trast with the obsolete link chain, have led to the abandonment of the latter,
except that the ‘“chain unit,”” which is peculiarly adapted toland surveying, has
always been employed.
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veyed to be made out and transmitted to the officers who may
superintend the sales. He shall also cause a fair plat to be made
of the townships and fractional parts of townships contained in the
lands, describing the subdivisions thereof, and the marks of the
corners. This plat shall be recorded in books to be kept for that
purpose; and a copy thereof shall be kept open at the surveyor
general’s office for public information, and other copies shall be
gent to the places of the sale and to the General Land Office. (Acte
of May 18, 1796, and May 10, 1800, and R. 8., 2395.)

SEC. 100 The boundaries and contents of the several sections, half

Boundaries ana Sections, and quarter sections of the public lands
contents of public shall be ascertained in conformity with the follow-
lands, how ascer- ing principles:
tained. First. 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 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 surveyor general, 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 ascer-
tained by running straight lines from the established corners to the
opposite corresponding 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, Iirdian 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 surveyor general, 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 considered as
containing the one-half or the one-fourth part, respectively, of the
returned contents of the section of which they may make part.
(Act of Feb. 11, 1805, and R. S., 2396.)
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Seo. 101, In every case of the division of a quarter section the
line for the division thereof shall run north and
Lines of divislon 5141 and the corners and contents of half-quarter
of half-quarter sec- & o
tidns, how'rin. sections which may thereafter be sold shall be
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 ghall in
like manner, as nearly as practicable, be subdivided into hali-
quarter sections, under such rules and regulations as may be pre-
scribed 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 sec-
tions, which may thereafter be sold, shall be ascertained, as nearly
a8 may be, in the manner and on the principles directed and pre-
seribed 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., 2397.)
v+ Sec. 106. The public surveys shall extend over all mineral lands,
and all subdividing of surveyed lands into lots less
Extension of P‘fb' than one hundred and sixty acres may be done by
::;n;:; I:iiss. e county and local surveyors at the expense of
claimants; but nothing in this section contained
shall require the survey of waste or useless lands. (R. S., 2406.)
Skc. 118. Each surveyor general, when thereunto duly authorized
by law, shall cause all confirmed private land
Surveyors general  ¢laims within his district to be accurately sur-
to survey private Lovoq and shall transmit plats and field notes
land claims when 2 g
confirmed, ete. thereof to the Commissioner of the General Land
‘ Office for his approval. When publication of such
surveys is authorized by law, the proof thereof, together with any
objections properly filed, and all evidence submitted either in sup-
port of or in opposition to the approval of any such survey, shall also
be transmitted to said Commissioner. (R. S., 2447.)
Sec. 120. Every person who in any manner, by threat or force,
' interrupts, hinders, or prevents the surveying of
Penalty for infer- 4o pyblic lands, or of any private land claim
i ek which has been or may be confirmed by the
TUnited States, by the persons authorized to survey the same, in.
conformity with the instructions of the Commissioner of the Gen-|
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eral Land Office, shall be fined not less than fifty dollars, nor more
than three thousand dollars, and be imprisoned not less than one nor
morethanthreeyears. (R.S.,2412.)

Sec. 121. Whenever the President is satisfied that forcible oppo-

e sition has been offered, or is likely to be offered,
vey;‘l’_ li; iggr:h:;];t to any surveyor or deputy surveyor in .the dis-
district, charge of his duties in surveying the public lands,

it ‘may be lawful for the President to order the
marshal of the State or district, by himself or deputy, to attend such
surveyor or deputy surveyor with sufficient force to protect such
officer in the execution of his duty, and to remove force should any
be offered. (R. S., 2413.)

9. More receit legislation has brought about (a) provision for the
appointment of a United States Surveyor General for the District
of Alaska; (b) authority for the purchase of durable monuments, to be
employed in place of native material to mark public land corners;
(¢) penalty for the destruction of monuments of the public land
surveys; (d) authority for necessary resurveys; and (¢) changs of
survey system from contract to direct with authority for the em-
ployment of a permanent corps of United States surveyors; all as
indicated by the following quotations from the United States
Statutes: .

The act of Congress approved May 17, 1884, providing a civil

government for Alaska, provides ‘‘That the said
fors lltrllv:y;l;stg:g:r:: District of Alaska is hereby created a land dis-
Alaska, trict, * * * and the marshal provided for by

this act shall be ex officio surveyor general of said
district.”” (23 Stat., 24, sec. 8.) The act of Congress approved
July 24, 1897, amends the act approved May 17, 1884, and provides
“That there shall be appointed by the President, by and with the
advice and consent of the Senate, a surveyor genera? for the District
of Alaska, embracing one surveying district.”” (30 Stat., 215, sec. 2.)

The act of Congress approved May 27, 1908, provided *‘for the
purchase of metal monuments to be used for
public land survey corners wherever practicable.’”
(35 Stat., 347.) This authority was amplified by
the act of Congress approved June 25, 1910, making appropriation
for sundry civil expenses for the fiscal year ended June 30,1911,
andhas been continued from year to year to the present time:
The act approved July 1, 1918, provided, under *‘Surveying thé
Public Lands,”’ as follows:

Purchase of metal
monuments.
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‘“That the sum of not exceeding 10 per centum of the amount
hereby appropriated may be expended by the Commissioner of the
General Land Office, with the approval of the Secretary of the
Interior, for the purchase of metal or other equally durable monu-

" ments to be used for public land survey corners wherever practi-
cable: * * ¥ (40 Stat., 668.)

The act of Congress approved March 4, 1909, entitled ‘“An act to

Penalty for the COdify, revise, and amend the penal laws of the
destruction of sur- United States,’”’ provides punishment for offenses
vey monuments.  against the operation of the surveying service of the
Government, 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 & Government
survey, or shall willfully deface, change, or remove any monument
or bench mark of any Government survey, shall be fined not more
than $250, or imprisoned not more than six months, or both.”” (35
Stat., 1088, sec. 57.)

The act of Congress approved March 3, 1909, entitled ‘‘An act
authorizing the necessary resurvey of public
lands,”’ as amended by joint resolution approved
June 25, 1910, provides as follows:

‘“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 undis-
posed of: Provided, 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:
Provided further, That not, to exceed 20 per centum of the total
annual appropriation for surveys and resurveys of the public lands
shall be used for the resurveys and retracements authorized here-
by.” (35 Stat., 845, and 36 Stat., 884.)

The act of Congress approved September 21, 1918, entitled ‘‘An
act authorizing the resurvey or retracement of lands heretofore re-
turned as surveyed public lands of the United States under certain
conditions’’, provides authority for the resurvey by the Govern-
ment of townships heretofore held to be ineligible for resurvey

Resurvey of pub-
lic lands.
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under existing regulations of the Department of the Interior by
reason of disposals in excess of fifty per centum of the total area
thereof. The act provides:

‘‘ That upon the application of the owners of three-fourths of the
privately owned lands in any township covered by public-land
surveys, more than fifty per centum of the area of which townships
is privately owned, accompanied by a deposit with the United
States surveyor general for the proper State, or if there be no sur-
veyor general of such State, then with the Commissioner of the
General Land Office, of the proportionate estimated cost, inclusive
of the necessary (office) work, of the resurvey or retracement of all
the privately owned lands in said township, the Commissioner of
the General Land Office, subject to the supervisory authority of the
Secretary of the Interior, shall be authorized in his discretion to
cause to be made a resurvey or retracement of the lines of said
township and to set permanent corners and monuments in accord-
ance with the laws and regulations governing surveys and resurveys
of public lands; that the sum so deposited shall be held by the
surveyor general or commissioner when ex officio surveyor general
and may be expended in payment of the cost of such survey, in-
cluding field and office work, and any excess over the cost of such
survey and the expenses incident thereto shall be repaid pro rata
to the persons making said deposits or their legal representatives;
that the proportionate cost of the field and office work for the re-
survey or retracement of any public lands in such township shall
be paid from the current appropriation for the survey and resurvey
of public lands, in addition to the portion of such appropriation
otherwise allowed by law for resurveys and retracements; that
similar resurveys and retracements may be made on the applica-
tion, accompanied by the requisite deposit, of any court of compe-
tent jurisdiction, the returns of such resurvey or retracement to be
submitted to the court; that the Secretary of the Interior is author-
ized to make all necessary rules and regulations to carry this act
into full force and effect.”’ (40 Stat., 965.)

The act of Congress approved June 25, 1910 (36 Stat., 703, 740),
making appropriation for sundry civil expenses
for the fiscal year ended June 30, 1911, provided,
under ‘‘Surveying the Public Lands’’: ‘“The sur-
veys and resurveys to be made by such competent surveyors as the
Secretary of the Interiormayselect, * * *?° Thigprovision of law,

Selection of sur-
veyors.
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brought to a close the contract system which had theretofore been
adhered to since the beginning of the public land surveys, and
the authority for the employment of a permancnt corps of United
States surveyors has been continued from year to year to the pres-
‘ent time.  The following comprises that part of the act of Congress
approved July 1, 1918, under ‘‘Surveying the Public Lands,” re-
lating directly to the administrative control of the surveying service:

*‘For surveys and resurveys of public lands, under the supervision
of the Commissioner of the General Land Office and direction of the
Secretary of the Interior, * * % = The surveysand resurveys
provided for in this appropriation to be made by such competent
surveyors as the Secretary of the Interior'may select, * * * 7
(40 Stat., 668.)

GENERAL RULES.

10. From the foregoing synopsis of congressional legislation it is
evident—

‘First. That the boundaries of the pub]ic lands established and
returned by the duly appointed surveyors, when approved by the
surveyors general and accepted by the Commissioner of the General
Tand Office, are unchangeable.

Second. That the original township, section, and quarter-section
corners established by the surveyors must stand as the true corners
which they were intended to represent, whether in the place shown
by the field notes or not.

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 hetween them,
except on the last half mile of section lines closing on the north and
west boundaries of the townshlp, 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 sec-
tion to the corresponding corner on the opposite section line.

Fifth. Thatin a fractional section where no opposite corresponding
quarter-section corner has been or can be established, the center line
of such section must be run from the proper quarter-section corner
ag nearly in a cardinal direction to the meander line, reservation or
other boundary of such fractional section, as due parallelism’ Wxth
section lines will permit.
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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 which may result in
changes of boundaries of patented lands and disturb questions of
ownership in connection therewith are subject to review by the
courts.

THE MANUAL. :

11. Various regions of the United States have been surveyed
under different sets of instructions issued at periods ranging from
1785 to the present time. The earliest rules were given to surveyors
in manuseript or in printed circulars. Regulatioris more in detail,
improving the system for greater accuracy, permanency and uni-
formity, were issued in book form in editions of 1855, 1881,.1890,
1894 and 1902. 3

The Manual of Surveying Instructions has been again revised with
a view to harmonizing the printed instructions furnished to the sur-
veyors with recent legislation and current surveying practice. The
use of iron-pest corner monuments adds much to the permanency
of the evidence of the surveys, but this calls for little change in rules
except to outline the standard practice. A growing necessity for
resurveys to identify and restore original surveys actually made, but
poorly monumented, or to supersede grossly erroneous or fraudulent
original surveys—*‘‘to properly mark the boundaries of the public
land remaining undisposed of ’—has demanded a full discussion of
the subject in this revision of the Manual. The change from the
contract system to the present system under which the public-land
surveys are executed by a permanent corps of surveyors employed
by the General Land Office has involved changes in the administra-
tive control without departing from previous techmical procedute,
and hereafter throughout the Manual all reference to administrative
questions will be found to be stated in general termg in order to avoid
confusing that matter with the purely technical subjects. Modern
surveying practice has been introduced into the public-land surveys
as far as legally consistent and efficient, which has prompted a rather
full instructive treatment of the subjects of measurements with long
steel tapes, stadia method and triangulations; and field observations
for the determination of time, latitude and azimuth, to afford
versatility on the part of the surveyor in adopting methods best
suited to the ever-changing conditions under which his work must
be accomplished.
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The instructions contained in this Manual are to be observed by
every surveyor engaged in the execution of the public-land surveys.
All other surveyors, including those who have at times been em-
ployed in the surveying service of the General Land Office, should
‘bear in mind that in their private capacities they are acting under
somewhat different rules of law from those governing original sur-
veys, and surveyors should discriminate between the provisions of
the statute which control original surveys and those which apply to
the retracement of lines that have been officially established and
approved.

- THE STANDARD FIELD TABLES.
12. There has been published by the General Land Office, in the
shape of a pocket field book, a compendium of tables and formulas
entitled ‘““Standard Field Tables.” The volume embraces the data
peculiarly useful to surveyors engaged in subdividing the public
lands. The Standard Field Tables are issued as a supplement to
the Manual, and as such the former are a part of the latter, withcon-
tents as follows:
1. Units of linear measure, units of area, expansion of steel tapes,
and conversion tables; chains to feet and feet to chains.

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

. Traverse table, for the correction of random lines.

. Traverse tables.

. Correction of error in stadia wire interval.

. Stadia coefficients, vertical rod.

. Natural sines and cosines.

. Natural tangents and cotangents.

Logarithmic sines, cosines, tangents and cotangents.

Logarithms of numbers.

. Convergency of meridiang, 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, degrees to time, and time to degrees.

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

upper culmination of Polaris.

=

oy
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20. Mean refractions in zenith distance.

21. Coeflicients to apply to mean refractions for variations in ba-
rometer and temperature.

22. Coeflicients 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.

EPHEMERIS OF THE SUN AND POLARIS, AND TABLES OF AZI-
; . MUTHS OF POLARIS.

13. The above title has been given to a second supplement to the
Manual which is published each year, a convenience which serves
to supply the surveyors with all necessary data relating to the daily
positions of the sun and Polaris without requiring frequent revision
of the text of the Manual or the Standard Field Tables. Asasupple-
ment to the Manual the data contained in the Ephemeris will be
adopted in preference to that contained in other publications over
which the General Land Office has no ‘control either as to accuracy
or fitness for use in the public-land surveys.
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CHAPTER II.

INSTRUMENTS AND METHODS.
MEASUREMENTS.

14. The law prescribes the chain as the unit 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.
The chain unit is known as the invention of Edmund Gunter, an
English astronomer of the seventeenth century, and is especially
convenient in computing areas in the unit of acres, one acre being
equal to 10 square chains.

Units of linear measure.

1 chain=100 links.
=66 feet.
1 mile=80 chains.
=5,280 feet. -

Units of area.

1 acre==10 square chains.
=43,560 square feet.
1 square mile=640 acres.

15. Each surveyor will be provided with a standard and an
assortment of 1, 2, 5 or 8-chain steel tapes. The stqndard tape will
be employed for comparison with the ficld tapes, in order that errors
in the latter may be noted and corrected. Before chainmen are
intrusted with their actual duties they should be instructed by the
chief of party, and required to measure over one or more trial lines of
level and mountainous surface, to secure accuracy and uniformity
of results. F .

"1 16. It is essential to the record of a survey to state briefly at the

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

manner of making measurements in the survey, and as topographical
23
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difficulties are encountered making it necessary to depart from the
stated general method, it is desirable to record the plan of special
measurement adopted. The field notes thus exhibit the manner of
making all measurements, and the record should be such that another
* surveyor retracing any line can substantially duplicate the exact
procedure adopted in the original survey.

The following paragraphs are illustrative of the record to be made
in the field notes:

“Unless otherwise specified all measurements are made with a
Chicago 1-chain steel tape compared with a Chesterman standard
steel tape and found correct.”

_ “Unless otherwise specified all measurements are made with a
Lallie 2-chain steel tape found correct by comparison with a Lufkin
standard steel tape.”’

-““Unless otherwise specified all measurements are made with a
Lufkin steel tape 8 chains in length compared with a Chesterman
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.”

THE LONG STEEL TAPE.

17. The most approved method of measurement involves the
use of steel ribbon tapes from 2 to 8 chains in length; in its use in
the public-land surveys the tape is properly alined and stretched,
and the measurements are made on the slope at any convenient dis-
tance up to the length of the tape as limited by the topography. The
vertical angles of the lesser slopes are determined by the use of
clinometers in the hands of the chainmen, while the vertical angles
of the particularly sharp slopes are determined with the transit oper-
ated by the surveyor. The slope distances are then reduced to true
horizontal distances and the entire operation suitably recorded. It
is not considered necessary to exhibit in the official field notes any
but the true horizontal distances, omitting details, except where
precise measurements are made of various bases for special use.

18. The following is an example of both field and final record
for the use of the long steel tape and clinometer, and reductions by
the use of the traverse tables (see Table 4, Standard Field Tahles):



INSTRUMENTS AND METHODS. 28

Field record.

Inter-

Mean | Dis- True | -3+ | Differ- Final field notes.
vertl- | tance [horizon- meas- | eicein .
cal on tal dis- hite. eleva-
angle. | slope. | tance. ment tion.
Chains.| Chains, | Chains.| Chains.|| Chains. | North, bet. secs. 19 and 24.
Desc. 155 ft. over NW. slope,
through scattering .timber
and dense undergrowth
—12;° | 4.50 | 4.398 —0.95
-173° | 2.20] 2 — .66 |
6.70 6. 496 3.80 | — .75 || 10.30 | Dry gulch, course W.; asc. 295
ft. over SW. slope.
§ib.
+ 81° 8.00 7.917 +1 15
14.70 | 14.413
+193° 6.20 5.835 +2.10
20.90 | 20.248
4+ 71°| 3.30| 3.270 + .44
24.20 | 23.518 0.00 23.50 Bpur,slopes W.; deso, 1851t. to
+ 1/4 sec..cor., over NW. slope.
1.20 24.70 | Wagon road, bears E. and W.
1.90| 25.40 | Leave undergrowth. .
-~ 83°| 800 7.949 ~0.91
32.20 | 31.467| 1.15 32.60 Entegléegvyﬂmher,bems'ﬂw.
: an .
-lo3°| 3.70| 3.641 - .66
35.20 | 35.108 >
~14°] 5.00| 4851, ~1.21
40.90 | 39.959
o] o4 .04
40.94"] 40.00
40.00 40. 00

40.00

Set an iron post, ete.
(3

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 repre-
senting intervals of 20 links measurement on the slope to 2, 5 or
8 chains to suit the length of tape used; the horizontal lines repre-
senting 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
55465°—19-——3
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Siope Measurement in Chains.
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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, atintervals 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. (See figs. 1 and 2.)

20. The following is an example of record for the use of the long
steel tape and clinometer, and reductions by the use of the reduction
diagrams:

Field record.
Moan | Dis- | Correo-| TOEE: | pyfren. Final field notes.
vertieal| fance [tionto " o0 encein |
angle on hori- 1 T | eleva- }
* | slope. [ zontal. ment, | tion.
Chains.| Chains.| Chains.{ I'cet. |[Chains.| North, bet. secs. 19 and 24.
Desc. 155 ft. over NW, slope
through scattering timber an
dense undergrowth.
-12}° 4.50 0.10 — 60
-173° 2.20 .10 - 45
6.70 0.20 3.80| — 50| 10.30 | Dry gulch, course W.; asc. 295
it. over SW. slope.
+ 80
+ S3° 8.00 .08 + 75
14.70 0.28
+193° | 6.20 .37 + 140
20.90 0.65
+ 70| 3.30 .03 + 30
24.20| 0.68| 0.00 23.50 | Spur, slopes W.; desc. 185 ft. to
sec. cor., over N'W. slope.
1.20 24.70 | Wagon road, bears E. and W.
1.90 25.40 | Leave undergrowth.
- 63° 8.00 .05 — 60
32.20 0.73 1.15 32.60 | Enter heavy timber, béars NW.
: and SE.
—101° 3.70 +06 — 45
35.90 0.79
-14 ° 5.00 18 — &0
, 40.90 [ 0.94
0° .04 00
40.94 0.94
| 40.00| 0.0 40.00 | Set an iron post, eto.
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21. By a skillful use of the long steel tape on the slope, with cor-
rect determinations of the vertical angle, and proper reductions
from the slope to the true horizontal distance, the surveyor 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 additional information regarding the amount of the ascents
and descents is readily obtainable from the record at the conven-
ience of the surveyor.

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 condmons and to distances per-
mitting exact bisections of the targets. Possible criticism of the use
of the stadia method is found in the failtire to observe proper details
and not in the reliability of the method if skillfully followed.

“28. 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 stadta wires with a
ratio of 1 : 132+, 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 readmgs are made with a vertical

Od ”
© “All stadia measurements are made with fixed stadia wires with a
ratio of 1 : 100+, 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 readines are made with a vertical rod.”’
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24. Notation used in stadia measurements:
Hor. dist.: The true horizontal distance from the center of the in-
strument to the rod.

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

“p”:  Vertical rod reading.

“9”: QObserved vertical angle.

“ K. The wire interval or ratio.

“e”: 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.=K r cos? v+(c+f) cos ».

Dift. elev.=K r % sin 2v4-(e-+f) sin ».

/’,}r
e ”
t’/”—‘
e s 3
,,/’,”,’ > Diff-elev.

st F"”/?{’L

73 ) Jsind o
ﬁ Hor dist.

Eig.3

25. In Table 6, Standard Field Tables, the natural functions
“cos®v” and ‘4 sin 2v” 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 tabulated the natural products ‘‘(c+f) cos»” and ‘‘(c¢+f) sin v, ”
for three values of ‘‘(¢c4-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).
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Si

27. Example of test of stadia wire interval, the approxunabe
ratio being 1:132, and the focal constant 1.2 links:

Field record.
Meast:remex(xit olfi;)ase ?y steel
pe and clinometer. Tinal field notes.
v . \'enalg?l faa inal field notes
ean | v rue reading.
vertical | DIStANCC | horizontal
angle. OPe- | distance.
Chains. | = Chains. Feet. June 11, 1911, T make the follow-
—41° 3.90 3.888 6.992 in test of the stadia wire inter-
—1}° 8.00 S 7,998 6.998 va,
+73° 2.20 2.180 7.002 Horizontal length
k ———— 6.995 of base 14, 066 chs.
Total base = 14.066 7.003 Mean of 10rod
Focal constant - 0 7.004 eadings = 6,9985ft.
—_— 6.997 Vertical angle of
Stadia base = 14.054 chs. 6.995 of test = —0°
7.001 K=132.551
g, off =027.564 {t. 6.998 Reduced error in
—_— 10 chs. =41 lks.
Mean rod reading = 6. 9985
Coefficient for 0° 40’ == 0.9999; All corrections to be added to
0.0001 X 6.9985 - . 0007 the distances given by the
stadia.
7 COS2 v - 6.9978
927. 564 | e
= 8.9978 132. 551
Measurod base =14, 066 chs.
g: gg% mean rod reading.
R
3. XO. g
©+H) = 012 14. 008 chs.
Errorin 14.008 chs. by stadia = 0,058 chs.
Error in 10.00 chs. by stadia = 0.041 chs.

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. = It is not considered necessary to record:
in the official field notes any but the basic elements of stadia obser-
vations, omitting the details of the reductions.

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

RN L ALY T80 GOl Gt SRS ET L Gy Ud Rt Bt el el =iuINnn
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val, ratio 1:132 with an errorof 4.1 links in 10 chains, and focal con-

stant 1.2 links.

Field record. Final field notes.
Chains. | N.0° 02’ W., bet. secs. 15 and 16.
Descend gradually over mountainous
land.
12.60 | Rim of canon, bears. NW. and SE.;
precipitous descent of 170 ft.
Stadia }1? left baﬁk of creek: 3.194 a.nd
: Stadxa. dia to i’xg}g bank of creek: 3.448 and
’ Stadia to ’right nm of canon: 4.914 and
4.895 ft.,
3,194
agad > ]
6 406X 0. 7976=5.109
‘ Error 4+ .021
(¢+f) cos v + . 011
12.60 +5.14 chs. =17.74 Leg]tvgank of creek, 62 lks. wide, conrse
6. 406 0. 4013-2 574 chs :
D}ﬂ elev.
3.448
3.432
6. 880X 0. 8324=>5. 727
Error 4 .024
(e+f)cos v 4 .011
12. 60 +5.76 chs, =18.36 | Right bank of creek; precipltous aspent
5.14 chs. of 225 ft. to rim of canon.
Width of creek =0.62 chs,
4,914
4.895
9. 809X 0. 9925==9. 735
Error 4 .040
(c+f)cosv  .012
12.60 +9.79 chs. || =22.30 | Rim of canon, bears NW. and SE.;
asc. gradually.
9. 809X 0. 0863=0. 847 chs.
= 56 ft.
y +170 ft.
Diff. elev. -226 ft.

80. 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 readmgs
LY aleaot ha talan . nasaea theok hnon the ciher: 1he orifine
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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, but in precise reductions must be
congidered. Therefore, in ordinary work in computing 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 readmg, the error in the wire interval, and the term “(c--f)
sin v.”

31. Many surveyors prefer the conventional sta,dla wire ratio 1:100
generally ‘adopted in miscellaneous surveying practice, using a rod
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

“G—Tn, rod in feet and horizontal distance in chains, accomplishing

the reduction of “ K r cos? v” by logarithmic funetions.
32. 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 e
tape and clinometer. gglg?n zrod Pinalfield notes::
Mean . True
vertical Dlstlance horizontal
angle, | °2 SI0P€- [~ gistance.
3 Chains. C'hains.h QFgfg.
- 6.40 6. 386 chs. 3 July 7, 1915, T made the following
— 44° 2.70 2. 692 9.518 test of ths’e stadia wire interval:
+124° 5.20 5.082 9.522 Horizontal
e 9.519 length of base==14.160 chs.
Total base = 14.160 9. 627 Mea.n of ten rod
) 9.513 eadings = 9.5200ft.
c+1) = 012 9. 521 ) Vemcal angle of
9. 524 test ., . =+1°54
Ste}ﬂa h‘a‘se == 14,148 chs. g 521 K=98.193
(e =933, 768 ft. . 520 log g—f;’md in feet
Mean rod reading = 9. 5200 By
Coefficient for 1°564’ =0. 9089 %;‘lddis'é;’,’,':;’ El
0. 0011X9. 5200 = . 0105 chains = 0.172537
7 COS? V= 9. 5095 :
933. 768
K ~5 500598193
Jog K ~1. 992081
66==1. 819544
5—0 172537 \
66 |
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88. The following example of record, with reductions added, is
adapted to the instrument showing the above test of the wire in-
terval, ratio 1:98.193 and focal constant 1.2 links.

| e
Fleld record. i Final field notes.

Chains. | North, bet. secs. 31 and 36.
Over level land.

11.20 | Commence gradual ascent of 40 ft. to
base of cliff.
Stadia to tep of cliff:
mean 8.472ft.,4-16° 40,
24.50 | Base of cliff, bears N. 65° W.and 8. 65°
E.; aseend 190 ft. to top.

log f—a =0.172537
“8ATZ = 0.0719%
(#1c0os2 160 A0/ {gi 981361
1. 063215

K
nat ger cos? v=11.568 A 1

(c+f)cos v= .012
14.20 + 11.58 chs. 25.78 | Top of clifl; thence over level mesa.
log K =1.992081
“8.472  =0.927986
“ 0 0.2748 =9.439017
2.359084

DifT. elev.—= 228 {t.
To bluff = 40

Toir =188«

34. Most of the General Land Office 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
enables the use of standard double target level rods graduated to
feot. A few instruments have been provided with fixed stadia wires
of the ratio 1:100, at special request, but rods graduated to links
can not be furnished except upon special order, and are not pur-
chased because they are useless except for the one purpose. Sur-
veyors can not expect to accomplish the best results where they
graduate their own rods to suit a particular instrument or personal
equation. :
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In authorizing the use of the stadia method in the public-land
surveys it is not contemplated that the same will be made a sub-
stitute for steel tape measurement where the latter is practicable,
butrather that the stadia method may be used as an expedient 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.

TRIANGULATIONS.

35. In making all triangulations for the purpose of’obtaining
measurements across water or over precipitous slopes, the surveyor
is expected to exercise his best judgment in the selection of the
measured base, and he is required to adopt the best possible geo-
metric proportions of the sides and angles of the triangle. A com-
plete record of the measurement of the base, the determination of
the angles, the location and direction of the sides, and any other
essential details of the problem will be required in the field notes,
together with a small diagram to graphically represent the triangu-
lation, but it is not considered necessary to include in the official
field notes the process of the solution. The method of triangulation
at all times must be sufficiently refined to produce reliable results,
and when necessary to determine the value of an angle of a triangle
with a precision of less than the least reading of the instrument, the
method of repetitions will be employed.

36. Inits simplest form the method of repeatlnu an anvle consists
in sighting upon a station, A, with the vernier of the honzontal cir-
cle 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 statxon
A with the lower’ tangent motion without disturbing the angle first
turned, after which theé 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 divided by the repeating factor, gives a value for the angle
much closer than the least reading of the instrument. For example,
assume an instrument reading to single minutes of arc, and that a
certain angle has been repeated five times with a resulting reading
of 124° 32/; this gives a value of 24° 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 360°, when both verniers are again read. The observer
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the angle in the opposite direction, to eliminate instrumental errors,
and finally takes a mean of the resulting four readings, which is di-
vided by the proper factor. It is occasionally necessary in public-
land surveying to repeat angles by the latter method, but the for-

- mer method is of more general use and will be found dependable
and quickly executed.

' 87. The base lines for triangulations are to be carefully measured,
even to tenths of links if necessary, and the sum of the angles should
be balanced to 180°, or redetermined if the disagreement is found to
exceed 1’ of arc.

38. The following examples, with the reductions added, are de-
signed to illustrate the form of record of triangulations best suited
for the official field notes: _

(@) Fieldrecord. Final field notes.
Chains. | S. 89° 56’ W.,, on random line bet. secs.
19 and 30.
40.00 | Set temp. } sec. cor.
Angles. 72.20 | Top of precipitous bluff; vertical angle
50° 35’ to flag on random o=~32° 47';
93 20 auxiliary flag bears 8. 39° 21’ W.;
36 05 from flag onrandom line the suxiliary
{16 g flag bears S. 3°16’ W., 12.80chs. dist.;
180° 00’ all bearings checked by direct read-
el ing of the solar, and all angles checked
Hor. meas. of base by one chain by deflection:
tape=12.80 chs.
5.69%56W, 276 chs,
Dist.=12. sin 36° 05 ]
Sh=12.80 o 50° 3% )
; N
log 12.80 =1.107210 8§
‘“ sin 36° 05 =9, 770087 N
3 i A ©
: 0.877297 5
¢ sin 50° 35 =9, 887926 G
‘“ 9,76 ) =0.989371
it e by e Dist. on random line =72.20 chs.
105 hor. dist. 20.980371 Dist. by triangulation = 9.76
fi S =T ge 81.96
uss " e thizas Dist. by return meas, = 2.8¢
¢ 415 =2, 617831 79.12
Difl. élev. =415 ft. 79.12 | Intersect W. bdy. of Tp., 14 1ks. 8. of
thecor. of secs. 19, 24, 25and 30.
ence
S. 89° 58’ E., on a true line bet. secs.
. 19and 30.
Ascend gradually in valley.
1.75 | Base of bad-land” bluff, bears N. and S.;
precipitous ascent of about 400 ft.
6.92 { Top of bad-land blufi, bears N. and 8.;
thence over level prairie.
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) Field record. | Final field notes.

Norte —Stadia wire ratio, 1:132.551; || At the meander cor. at 57.30 chs. bet. secs.
(c+f)=1.2 ks 16 and 17, a flag on Indian Isiand bears
N. 18° 41’ W.; a oint on a rock in the
9.827 lake bears S. 82° 08’ W., stadia base to
9. 839 this point: 9.827 and 9.839 ft., level,
— measured base impracticable; from int
19. 666 on island’. ﬂag on rock in lake s
Error=+.082 S. 14° 22" W.; all bearings checked by
(c+f)=+.012 direct reading of the solar, and all angles
—_— checked by defection:
Base=19.76 Length of base =19.76 chs.

From meander cor. toisland=33.54 chs.

Angles.
79° 11’
33 03
67 46
180° 00/
Dist.= sin 67° 46"
ist.=19. 76 T
log 19.76 = 1,295787
 sin 67° 46" 2 9,966447 | At the above point on Indian Island {rom
— which the meander cor. at 57.30 chs. bet.
y 1.262924 secs. 16 and 17, bears S. 18° 41’ 33.54
“ sin 33° 03’ = 9, 736692 chs. dist.; I
. —~———— || Setalimestone,28x 10x 6 ins., 21ins. in the
¢ 33.54 = 1.625542 grourd, for auxiliar gmeanderoor in sec.
8, mkd. A M C on 8. face; tromwhlch
Dist. by tri. =33.54chs. || A % ruce, 14 ins. diam., bears N. 421°
Tks,"dist., mkd. e N R 43 W B %
A »MCBT.
A fir-balsam, 9ins, diam., bears N. 14}° W,
38 Iks, dlst T TN R W B
AMCBT
(c) * “Field record. Final field notes.

Chains. | 5th Guide Meridian West, through T.
14 N., between R 20 and 21 W.

North, bet. secs. 13'and 18.

Descend 2251t. over NW.slope, through
heavy timber and dense under~
growth.

Difference between measurement of
27.80 chs., by two sets of chainme:
is 4 Iks.; posmon of middle point

b by 1st set==27.78 chs.,

by2d “=27.82 ¢ 7
the mean of which is




38

MANUAL OF SURVEYING INSTRUCTIONS.

Final ficld notes, con.

() Field record, con.
2780
|
At A= 5_"?23'_ 18° 007407(—02"7)
“ B "5 13§10 44720 (~00)
“ C\_MO;IQ SOG oc‘lzolr(_w’l)
1R0° 007207 (=20 1
|
1
|
3 sin 80° 06’ 11" '
Dist. =16. 427m
log 16.427  =1.215558
" sin 80° 06''117 ~ =9.993488
1.209046
€« 180097 387 =9,493710
“«  51.92 =1.715336
+21.80
79.72 70.72

The south shore of Gtand Lake, bears
N. 62° E. an > Wh

Set an iron post 4 it long, 1 in, diam.,
28 ins. in the ground, for meander
cor. of frac. secs. 13 and 18 , with brass
cap mkd.

R2IW|R20W
“TIGN
1915

from which
A pine, 8 ins. dmm bears N. 84%° E.
05 1ks. dist., mkd. TUNR20W g
1ISMCBT.

A pine, 10 ins. diam., bears 8. 263°W.
49 1S, dist., mkd. T4 NR2I W §
1BMCBT,

To makea triangulation across the lake
T designate the above meander cer.
point A and set a ﬂa%B at point for
meander cor. on north shore of lake,
alsoa flag C on the north shore which
from pomt A bears N, 18° 09’ 38 E.;
the base B C'bears S. 81° 44’ 11" E.
16.427 chs. dist., the mean by tw 0
sets of chainmen,

by 1st set=16.425 chs

by 2d ¢ ==16.429
longer ba%e impracucable, fhe argle
subtended at point C=80° 0¢’ 11”’;
all angles by three repf-tiuons with
error of 0’ 20’ balanced to 180°,

Distance across lake=51.92 chs.

North, 5192 cts

A

The north shore of lake, bears S. 82° E.
and N, 75° W.
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39. In practical field work triangulations are made only to over-
come physical difficulties of measurement, and under the conditions
generally presented a right-angled triangle is likely to be less desir-
ablethan an oblique triangle as the latter may be selected to fit the
best topography for the base line. A stadia base may likewise 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 triangu-
lation by independent bases may be highly desirable, one result
asacheck upon the other, whereby the mean of the two would be
abetter value than either result alone. True efficiency demands a
choice of the best methods to suit the peculiar conditions encoun-
tered in each circumstance, and this must be left to the ]udgment
of the surveyor.

The subject of measurements is incomplete without a suggestion
that each surveyor should devise a system of signals by means of
which numbers and directions may be readily communicated from
one member of a party to another; such signals will be found espe-
cially useful in long steel tape and stadia measurements and
triangulations.

INSTRUMENTS AND REQUIREMENTS AS TO THEIR 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
axisof the earth’srotation. Nodeparture fron thisruleisauthorized.
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 and with the use of
suitably constructed needle instruments. 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, and this pro-
hibition against the use of the magnetic needle was even more
pronounced in the Manual of 1902.  In the modern instruments the
length of the needle and other details relating to its construction are
sacrificed in favor of the vastly more important details of design of
the transit and solar attachment, and it is not presumed that the
needle of the modern solar transit will give results even as reliable
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ag those of a well-constructed needle compass. Many years’ use
of the solar transit and of the solar compass have proven that com-
paratively few localities are free from some local magnetic attraction.
The needle has some value as a check and for approximate reference
purposes under certain conditions, which need not be discussed in
the Manual, but the use of the needle as a means of determining the
direction of lines of the public-land surveys is now unqualifiedly
prohibited.

41. Each surveyor will be supplied with one or more instruments
of approved construction suited to the conditions to be encountered
in his field work. It is considered desirable toinclude in the record
of every survey, at the beginning of the first book of field notes of
every set of returns, a description of the instrument used and the
general method by which the azimuth determinations were accom-
plished. The following paragraphs suggest the form of record to
‘be made:

“Survey commenced August 1, 1915, and executed with a Buff
‘Rocky Mountain Favorite’ solar transit No. 9936, 1915 model,
with U-shaped standards, 4}-inch horizontal circle, 4-inch ver-
tical circle, and improved Smith solar attachment; all azimuth
determinations are accomplished with the solar attachment except
the special observations upon Polaris and the sun for meridian upon
which to test the solar apparatus as stated in the field notes.”

“Survey commenced July 28, 1909, and executed with a Young &
Sons mountain transit, No. 8070, 1907 model; the instrument is
equipped with a full vertical circle and the Smith solar attachment;
unless otherwise specified all azimuth determinations are accom-

' plished with the solar attachment.’’

“‘Survey commenced May 7, 1906, and executed with a Burt solar
compass made by W. & L. E. Gurley, 1905 model; unless otherwise
specified all azimuth determinations are accomplished with the
solar compass. The Polaris observations in camp are made with a
Keuffel & Esser mountain transit No. 9699, 1903 model.”

42, The proper supervising officer will carefully examine all
instruments to'see that they are in first-class condition for field
work, but the burden of the final test is placed upon the surveyor
who'uses the instrument, as in every case the approval of an instru-
ment will be made conditional upon satisfactory field test, the
record of which will be stated in the field notes.

43. The record of the field test of the instrument should embrace
s comprehensive statement of fact as to date, locality, and condi-
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tion of the instrumental adjustments. The data relative to the
independent observations for meridian should be included in the
record, and tbe functions of apparent time, latitude and sun’s
declination will always be given in connection with the meridional
tests of solar instruments. Various forms of record will be found
in connection with the examples of observations and reductions
given on the following pages.

.44. When a transit without solar attachment is employed, Polaris
observations, or direct altitude observations upon the sun, necessary
to execute the work in accordance with existing law and the require-
ments of these instructions will be insisted upon. Observations
upon Polaris, or direct altitude observations upon the sun, at fre-
quent intervals, will be necessary to secure accuracy in the pro-
jection of transit reference lines, when solar apparatus is not used.
The method of transferring the azimuth determined by the meri-
dional observations to the surveyed lines will distinctly appear in the
field notes.

45. Surveyors using instruments with solar apparatus will be re-
quired to make azimuth observations on Polaris, or direct altitnde
observations upon the sun, at the beginning of every survey, to test
the accuracy of the solar apparatus, and subsequent tests will be
required at least at the beginning of the subdivision of every town-
ship.

46. A test at the conclusion of a survey is necessary in order to
prove the continued proper projection of transit lines or the con-
tinued satisfactory adjustment of the solar apparatus during the
survey. A book of field notes of the survey of standard lines, or
of township exteriors, will therefore show preliminary and final azi-
muth observations for the projection of transit lines, or preliminary
and final observations and tests for the adjustment of the solar appa-
ratus, and intermediate tests to comply with the requirements of
the preceding paragraphs. The satisfactory condition of: the solar
apparatus at the conclusion of the subdivision of a township exe-
cuted with the solar apparatus may, if so desired, be shown by spe-
cific reference to the next succeeding test preliminary to commenc-
ing the subdivision of another township included in the same series
-of books of subdivisional notes. A careful surveyor will make a
sufficient number of tests to satisfy himself at all times of the accu-
racy of his alinement, but it is not intended to burden the survéyor
or the field notes with superﬂuous evidence in this particular
matter.
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GENERAL STATEMENT, TIME, LATITUDE AND AZIMUTH.

49. When considering the following treatment of field methods of
determination of time, latitude and azimuth, the surveyor should
bear in mind that a small error, either in assumed latitude or azi-
muth, produces only a slight effect in time,-and when all are un-
known the order of sequence in their determination should be that
of time, latitude and azimuth. Time may be readily determined
by the surveyor with an error not to exceed 10 seconds, while lati-
tude and azimuth are readily determined with an error not to exceed
1/ 00’’; the stated limits of error are not unreasonable where any of
the methods herein described and authorized are employed; small

“errors in assumed longitude may be neglected in the determination
of time, latitude and azimuth.

The following methods are limited to observations upon the sun
and the north star, Polaris, and are arranged to facilitate the sur-
veyor’s work under all conditions encountered in the field, without
involving more than an elementary understanding of astronomical

“technology. The tables and formulas published in the Standard
Field Tables, and the complete daily ephemeris of the sun and
Polaris and the tables of azimuths of Polaris, published in the
‘‘Ephemeris,” are designed primarily for the convenience of the
public-land surveyors in the field, thus encouraging a general use
of approved modern methods, consistent at all times with the sur-
veyor’s clear understanding of underlying principles involved.

All reference to tables and formulas, or to the daily functions of
the sun or Polaris, that follow herein, relate to the above supple-

“ments to the Manual, and when necessary to use conventional nota-
tion in the demonstrations that follow, the same agrees with that
shown in detail in the Standard Field Tables.

With relation to the subject of records of observations as the same
should appear in the official field notes of a survey, it must be
granted that it is absolutely necessary to state all of the special basic
functions of an observation, but it is quite unnecessary to include
the process of reduction, except in unusual cases; thus the field
-notes should be complete in every respect, and it is the purpose to
insist upon this requirement without involving that which is unes-
:gential to the record. In general also, no attempt is warranted by
-which the surveyor may endeavor to make his results by analytical |
“reduction appear to be more accurate than justified by the refine-
“ments of the observation upon which a determination is based; but |
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it is good practice not to discard the various small elements, fractions
or decimal parts of the record value of a function until the result is
ascertained, whereupon the insignificant figures may be disposed of.

ANALYTICAL NOTATION, DECLINATION AND REFRACTION .

48. 5: The symbol for approximation; this symbol signifies in-
equality, but it is used in a relation representing an inequality
which approaches equality.

Zenith

N . i ¢
b / I 4 90\'0,)
< g

_ - 71 0bservin
| Station

Fig. 4.
The ‘“pole-zenith-sun” triangle as viewed from outside of the celestial sphere.

49. v: Observed vertical angle; inaltitude observationson the sun,
the reductions to the sun’s center both vertically and horizontally,
as well as instrumental errors, are eliminated by taking direct and
reversed observations on the opposite limbs of the sun, and 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
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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, in alti-
tude observations, after correction for refraction: h=v—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.

51. ¢: Zeta: true zenith distance of the sun’s center:

£=90°—h.

Ixamples of the relative use of v, refraction, parallax, 4 and ¢{.

Ficld record.

Tele- | Watch |Horizontal!  Vertical Sups || Finalfield notes.
scope. time. angle. | angle. limbs. f
x o o (y 50 907 () Mar. 18, 1910, I make
Dir. 3u56m3ss | 65° 07 07| 25° 200 0 | G- an aimud%t ﬁ,’bsct_
" M vation upon the sun
Rev. 35348 [64 45 0 | 25 3L 0 | dor time snd s
Medn gh57m53s | 64° 52 3077 950 25 307 ) muth, making two

observations,  one
each with the tele-
scope in direct and

V= 25°25 30" reversed positions,
Refraction= -2 0 observing " opposite
Parallax= + 0 8 limbs of the sun.

—_— Mean watch time of
h=  25° 23" 38" observation, 3h 57m
$= 64° 36 227 535 p. m.

—_— Mean horizontal an-

90° o 07 gle from flag S. to

sunSW., 64° 52/ 30",
Mean observed verti-
cal angle 25° 25/ 30’.

Example of vertical reduction to the sun’s center.

Tield record. |' Final field notes.
5 o : | Mar. 18, 1910, I make
Sun’s lower limb 4 =25° 20/ 0 L. Tk %
Reduetion to sun’s center = 416" 6" ? ~ ;,gﬁ?gggg% ﬂ;’g’:ﬁ;‘
, . 3 %o aar oo or time, observing
Sun’s center, R R o A the sun’s lower limb
only; failing to ob-
serve the sun’s up-
per limb in the re-
v =25°36' 6 versal of the transit
Refraction = — 2 0/ onaccount of clouds.
Parallax = + O §” ‘Watch time of obser- |
—— vation, 3h 56m 58s
h =25° 34 14" g m. .
& =64° 25 46" Observed vertical an-
e e S AT le to sun’s lower
9° ¥ 0’ imb, 25° 20’ 0"/, cor-
i8S ! rected to the sun’s’
center=25° 3¢’ 6’
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52. ¢: Phi: Latitude of the station of observation.

53. A: Lambda: Longitude of the station of observation.

54. 6: Delta: Declination of the sun or Polaris; to be taken from
the Ephemeris for the date of observation; the declination of the
sun i8 to be corrected in hourly difference to the longitude of the
station and to the time of observation; north declinations are treated
as positive and south declinations as negative; a northerly hourly
motion is treated as positive and a southerly hourly motion is treated
as negative; in the use of the solar attachment 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, 5* 8@ W.; apparent time of
observation, 32 42™ p. m.:

Declination of the sun at Greenwich apparent noon

Mar. 18, 1910 =1°13/ 87 8.,
Difference in time from Greenwich apparent noon

to apparent time of observation:

For longitude = 5t 8=
For time, p. m.=+43 42

8.83h= 8h 5Qm
Hourly difference in declination=--597.28
~ Difference in declination from Greenwich apparent
noon to apparent time of observation:

8.83X59.28 =523 = 87437 N.
True declination of the sun . 19 27207 8.

(b) 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 attachment, for a date March 14, 1912, and for
a station in latitude 33° 10/ N., and longitude 7* 472 W,
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2° 33 28”.6 S. =Declination of the sun at Greenwich apparent
noon, Mar. 14, 1912.
Difference in time from Greenwich apparent noon
to 7 a. m., local app. time:

For longitude = 7h 47m
For time, a. m., 1287202 =(-) 5 0
2.78= 2b 47m

Hourly difference in declinations=-}-59/7.2.
2/ 4477 5 N.=Difference in declination from Greenwich apparent
noon to 7 a.m., local apparent time: 2.78X59.2=

16477.5.
2° 307 4477.1 8. =True declination of the sun, 7 a. m., local apparent
e time.
Local apparent time. Trueﬁt{l);flina- Refraction. Descelé?iﬂg"n
2° 30" 44’7 8. | 2" 41" N. 2°2% 3’8,
2 30 14 148 2 23 2
2 29 45 1 22 2 28 23
2 B 46 0 58 2 27 48
2 27 47 0 4 2 21 0
2 26 48 0 43 2% 5
225 49 0 41 2.2 8
2 24 0 43 2. 24 7
2 23 51 0 47 2 23 4
2 22 52 0 58 2 21 54
2 21 53 122 2 20 31
2 21 23 1 48 2 19 3
2 20 54 2 41 2 18 13

(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 attachment, for a date August 12, 1912, and for a
station in latitude 47° 10/ N., and longitude 72 24= W.
15° 1/ 6/ N.=Declination of the sun at Greenwich apparent noon,

Aug. 12, 1912.
Difference in time from Greenwich apparent noon to
6 a. m., local app. time:
For longitude=  7h 24m
Fortimea:m.,
12668 Om=(—)6 0
1.4b= 1h 24m
Hourly difference in declination=—45".1.
1/ 8/ S.=Difference in declination from Greenwich apparent
noon to 6 a. m., local apparent time: 1.4 X45.1=63".
15° 0 3”7 N.=True declination of the sun, 6 a. m., local appa.renfT
=== time.
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] 4 True declina- | Refrac- Declination
Local apparent time. tion, tion. setting.
3’ 29"N. | 15° 3" 32N
2 22 15 212
1 46 15 1 4
1 14 59 42
0 52 14 58 40
0 42 14 57 45
0 39 14 56 57
0 37 14 56 10
0 39 14 55 27
0 42 14 54 45
0 52 14 54 10
R e ) 14 53 42
1 46 14 53 34
2 22 14 53 48
3 29 14 54 32

(d) A graphic method for ascertaining the changing declinations
of the sun, corrected for refraction in polar distance, for use with the
solar attachment, 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,
and 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.,
and the left-hand side of the sheet to represent S., or to have N.
declinations increase numerically to the right-hand side of the sheet,
and S. declinations increase numerically to the left-hand side of
the sheet. The vertical lines are numbered to suit the range of
declination of the sun 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 and with the argument of time agreeing with the local
apparent time 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 thesun’s
true declination for the date for the local apparent time. The proper
refractions in polar distance are then scaled from the straight line
to the N. for each tabulated refraction, a. m. and p. m., taken from
Table 23, Standard Field Tables, appropriate to the latitude of
observation and declination of the sun; the locus of the latter
points is a smooth curve representing graphically the declinations
of the sun, corrected for refraction in polar distance, for use with the
solar attachment. - The scale of the refractions must equal the scala
of the intervals of 1 in declination,-and the refractions are laid off
along or parallel to the horizontal lines and not normal to the line of
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true declination. At any time throughout the day the proper
declination for use with the solar attachment 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 corresponding to the time of
observation.

The advantage of the diagram method is found in the practical
elimination of errors of computation, and the ease with which it is
checked, together with the fact that in the use of the diagram actual
values are obtained at any time without any process of interpolation.

The following diagrams have been prepared to illustrate the
method:

DIAGRAM OF THE SUN’S DECLINATIONS.

Date, Mar. 20, 1912.

Station: Lat.=37° 30/ N.
Long.=7" 30= W,
Declination.

Greenwich noon=0° 11/ 14/ S.=42 30®= a, m.
Diff. 107, 4-593”/= 09 53 N.
0° 01/ 217 8.=2> 30= p. m.

w o =

s
8 <

AM4

N ™

12'S.,

= Q o O~ © 1 & O N

L]
6

N
; N
° N

A/
%
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DIAGRAM OF THE SUN’S DECLINATICNS,

Date, Sept. 23, 1913.
Station: Lat.=47° 30/ N.
Long.=6" 18= W,
Greenwich noon=0° 03’ 55/ N.=5R42m a_ m.
Diff. 10°, —585”= 9 45 8.
0° 05 507 §.=38 42m p. m.

L4 *
. s A =
v - K
B S S S N = e T T A
AM4 -

5 ,1/
o s
7 4 =
8., A /
9.k / v
10

/

o P W N o

Fig.6.

. 858. A: Azimuth angle from the true meridian to Polaris, or to the

sun’s center; in the following analytical examples A is referred to
the north point unless otherwise noted, and the reductions are sym-
metrical either east or west of the meridian; all determinations for
azimuth imply the recording of horizontal angles from a fixed refer-
ence point to Polaris or to the sun, or that a point has been marked
on the ground to define the direction of observation; the mean
horizontal angle in the first case, or the mean point in direction in
the second instance, being used.
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In the first of the foregoing examples of the relative use of v, A
and {, is shown the record of certain observed horizontal angles
from a fixed reference point to the sun’s limbs, and now for the pur-

“pose of clearly stating the use of the notation A, the final reduction
of that observation is here anticipated, in which the following result

isobtained:
Sun’s azimuth.

Referred to the N. point, A=N. 114° 07/ 28/ W.
Referred to the S. point, A=S. 65° 52/ 327 W.
Recorded mean horizontal

angle from flag S. to the

EUIESIC) R TL L =8. 64°52/20” W.
True bearing of flag......... =8 1"1P 00" 02" W:

In general in altitude observations upon the sun 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.

Underadverse 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 observa-
tions, in which case it may be desirable to reduce the single observa-
tion upon the sun’s limbs to equivalent corrected readings to the
sun’s center. In single observations on the sun, the reduction to

16/
the sun’s center in azimuth = 75 T b refinement in the value of the

sun’s semi-idiameter is had by referring to the Ephemeris for the date
of observation.

An example of reduction to the sun’s center in both vertical and
horizontal angles follows:



INSTRUMENTS AND METHODS. 51

Field record. Final field notes.
G- Verticalangle tosun’s Mar. 18, 1910, T make an altitude observa-
lower limb =25° 20’ 00"’ tion upon the sun for azimuth, observ-
Sun’s semi-diameter for re- ing the sun’s lower and right limbs only;
duction to center = 416" 06" failing to observe the sun’s upper and
ey left limbs in the reversal of the t on
Sun’s center, v =25° 36/ 06" account of clouds:

Agparent time of observation, 3h 42m P m,
Observed vertical angle to sun’s lower

Hor. angle from ﬂagwé_‘». to
. =65°00’ 00" limb, 25° 20’ 00”,’ corrected to the sun’s

sun’s right limb, S

Reduction to sun’s cen-., center=25° 36’ 06"’,
ter, Observed horizontal angle to sun’s right
iﬁ:.l N 17 547 limb from flag S. to sun SW., 65° 00’ 00",
Gos 25° 367 =179 - 54 corrected to the sun’s center=-64° 42’ 06"
Hor. angle from flag S, to

sun’s center, SW, =64° 42 06"’

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 occasional 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 usually be safely substituted. The differ-
ences between the true and the tabulated refractions are generally
small and negligible excepting for the combined effect of low appar-
ent altitude of observation with great elevation above sea level or
extremes of temperature. The following example of reduction
illustrates 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; tempera-
ture at the time of observation =82° F., for which temperature the
coefficient is 0.94; true refraction =0.70X0.94X6’.75=4’.44=4/26"".

TIME.

57. The element of time enters into all azimuth determinations
to such an extent that the surveyor should be able to arrive at the
exact apparent time of all observations upon the sun and the exact
local mean time of all observations upon Polaris. The sun’s declina-
tion varies with the apparent time and the longitude west from



52 MANUAL OF SURVEYING INSTRUCTIONS.

Greenwich, and 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 deeclination. 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 deter-
mination 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 40° for example, Polaris varies 1/ in
azimuth in about 2.5 minutes of time; 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 + watch error in standard time by comparison =+ correction for
longitude; the correction for longitude is additive east. and sub-
tractive west of the standard meridian of the time belt; the con-
version table ‘‘degrees to time” (Table 18, Standard Field Tables)
is convenient in this reduction.

Example of conversion of standard time into loeal mean time;
longitude 77° 01/ 37/7.5 W.: f

Watch time of observation =6" 26™ 40° p. m.
Watch slow of 75th meridian standard time by J A
comparison with a standard clock- = 1m 228
Correction for longitude of station
(77° 01/ 37775 W.=58 08= 06.5°) = —8m (6*
Local mean time of observation =6 19m™ 56¢ p. m;

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
interpolated as the interval from Greenwich noon to the time of
observation; 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 77° 01/ 37775 W.:
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Mar. 18, 1910, apparent time of altitude observa-

tion upon sun 2230 dOM A 18 mprm!
Equation of time, Greenwich ap-
parent noon +8m 23.4*

Interpolation for longitude of station
51 08= W., and time of observation
3t 42m p. m., 8 50™ after Green-
wich noon, or 8.83/24 of change

(17.64%) in 24 hours = — 6.5
Equation of time f +8= 16.9%  +4-8m 17s
Local mean time of observation =3RS 0RIDSY
Watch time of observation = JhS gy nge
Watch fast of local mean time = 7,268

TIME IN ITS RELATION TO POLARIS OBSERVATIONS.

60. Polaris, a star of the second magnitude, occupies a position
in the northern heavens a little more than 1° from a line defined by
the axis of the earth’s rotation, and on account of its brightness and
proximity to the polar axis it ranks to the surveyor as the most useful
circumpolar star. It will be assumed that the surveyor has learned
how to identify the north star among its associates in the clear starlit
heavens, especially with reference to the ‘‘pointers’’ in the con-
stellation of the ¢ Great Bear,”” which is popularly called the ¢ Dip-
per.”” Polaris (a« Ursee Minoris) is nearly on a line (or great circle)
determined by the pole and the star ‘‘§ Cassiopeiz,’’ and both stars
are located in the same direction from the pole. The same line (or
great circle) passes near the star ‘¢ Ursee Majoris’’ (another star of
the ‘“ Dipper’’), but the latter star is located on the opposite side of
the pole. The surveyor may note the relative position of the three
stars aforementioned, if it is a clear night, and this will give an im-
mediate indication of the approximate position of Polaris in its di-
urnal circle at such time of observation. The novice should secure
field demonstration in these details from an experienced observer.
The three stars named are all of about the same brightness. In-
structions will follow (sec. 99) regarding the positive identification
of Polaris by iastrumental methods during the twilight period, be-
fore the star is visible to the naked eye, and the same process may
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NAKED-EYE IDENTIFICATION OF POLARIS.

About noon March 23rd.

About 6 a. m. June 22nd,

About midnight September 22nd.
About 6 p. m. December 22nd.
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be employed for verification of night observations, if there should
be any doubt as in case the neighboring constellations are obscured
by clouds.

A skillful surveyor can readily observe Polaris at sunset or sunrise
without artificial illumination, and with a very clear atmosphere
can perform the observation when the sun is as much as 20 or 30
minutes above the horizon. At any time that Polaris is visible any
one of the various methods of Polaris observation for meridian,
properly followed, is superior to any form of observation upon the
sun for the same purpose. In general, in public-land surveying,
‘the best of all practicesis found in the proper use of a solar instru-
ment adjusted to the true meridian as established by Polaris obser-
vation.

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
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:

uc.

Polar

W.E. Axis o

L.C.

Fig.7. A

The pointings of the arrows on the above circle indicate the direc-
tion of the apparent motion of Polaris in its diurnal path, while 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 surveyor 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.
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The position of Polaris in its diurnal circle at any time may be
determined by reference to the mean time interval from upper cul-
mination to any observed position west of the meridian, or by refer-
ence to the mean time interval from any observed position east of the
meridian o the succeeding upper culmination.

61. The Greenwich mean time of upper culmination of Polaris is
tabulated in the Ephemeris for every day in the year, arranged for
the ordinary civil date, a. m. or p. m.

62. Local mean time of upper culmination of Polaris: the Green-
wich mean time of upper culmination of Polaris is to be taken from
the Ephemeris for the date of observation; the amount to be subtracted
ifrom the Greenwich mean time of upper culmination of Polaris
to obtain the local mean time of upper culmination, in which the
argument is the longitude west from Greenwich, is obtained from
the table of sidereal conversions without computation; see Table 19,
Standard Field Tables.

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, 1910, Gr. U. C. of Polaris=4" 08.3™ a. m.
Red. tolong. 111° 15/ W., 1= 13+ = — 1.2

L. M. T. of U. C. of Polaris =4t 07.1™ a. m.

63. The Greenwich mean time of elongation of Polaris, latitirde
40°, is tabulated in the Ephemeris for every day in the year, arranged
for the ordinary civil date, a. m. or p. m.

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, Green-
wich meridian, latitude 40°, to obtain the mean-time of elongation
of Polaris, local meridian, latitude 40°, in which the argument is the
10n01tude west from Greenwich, is obtamed from the table of side-
real conversions (Table 19, Standard Field Tables) without compu-
tation. The amount to apply to the local mean time of elongation
of Polaris latitude 40° to obtain the local mean time of elongation of
Polaris at the latitude of observation is tabulated in the Ephemens
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.:
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EASTERN ELONGATION. © | 1/ fig

Sept. 9, 1910, Gr. E. E. of Polaris, Lat. 40°=8% 10.6= p, m. """
Red. to long. 146° 30/ W., m e =-16 e
Red. to lat. 64° 30/ N. =+ 5.8 ;
Ol AN I T w9

L. M. T. of E. E. of Polaris ; 8y 2818™ prmes! od3 ol

WESTERN ELONGATION, SAME STATION.

Oct. 16, 1910, Gr. W.E. of Polaris, lat. 40°=5 48,5™ a. m,

Red. to long. 146° 30’ W., 1= 36* = =16 ) o
Red. to lat. 64° 30/ N. = - 5.8

L. M. T. of W. E. of Polaris =5 4] 1% a, m,

65. Conversion of 2 mean time mterval into a sidereal time inter-
val, 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 2 mean time interval into a sidereal
time interval:

Mean time hour angle of Polaris for an a.ssumed obset~
vation in Alaska = 72 32. 6=

M .l

A
= 7 gom'3e

Conversion'into equivalent sidereal hour angle = 4. 114
Sidereal hour a.ngle = 78 33% 50"
7h =105 '
33m= 8°15

50* = 12/ 30”
— °. =118° 27/ 30”7

e

66. Hour angles of Polaris: a megn 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 ¢o the local mean time
of observation of Polaris; a mean time hour angle of Polaris east of the
meridian is the mean time interval from the local mean time of ob-
servation to the local mean time of the next succeedmc' upper cul—
mination of Polaris. i oyoid

The above application of the term “hour angle 7 is a departure
from conventional usage, which has been employed in order to sim-

55465°—19—5
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plify the text. By this means one confusing step in the problem
relating to hour angles for positions of Polaris east of the meridian is
avoided. Polaris crosses the meridian at lower culmination at an
hour angle of 11® 58™ 02°, and in the arrangement of the various
examples, the observations west of the meridian have been referred
to the last preceding upper culmination, and those east of the merid-
ian have been referred to the next succeeding upper culmination,
thus avoiding the introduction of any hour angles exceeding 11* 58=
02,

Examples’of computing hour augles of Polaris; all taken out for
longitude 117° 15/ W.: i

West of the meridian, p. m. obsn., U. C.in p. m.

1h449

L. M. T. of obsn., Feb. 18, 1911 =51 20.12 p, m.
Gr. U. C. same date =3% 36.5™ p. m. X
Red. to long. 117° 15" W.= — 1.3 =3 385.2 p.m.
Hour angle of Polaris, west ; =]k 44 9= -

West of the meridian, p. m. obsn., U. C. in a. m.

; e
L. M. T. of obsn., May 14, 1911 4 g i
Gr. U. C. same date =10 02. 1™ &.'m! ° ]
Red. to long. 117° 15/ W.=  —1.3 = 10 0.8 a. m.

Hour angle of Polaris, west = TR B
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West of the meridian, a. m. obsn., U: C.'in p. m.

Q‘ »
J “

12
L. M. T. of obsn., Nov. 3, 1911 {i P Y
Gr. U. C., Nov. 2 =16" 43.9™ p. m.. ]
Red. to long. 117° 15/ W. -1.3 =10 42.6 p.m.
Hour angle of Polaris, west ; = 7h49,0m

West of the meridian, a. m. obsn., U. C. in a. m.

L. M. T. of obsn., Aug. 11, 1911 = 5" 05.9™ a. m.
Gr. U. C., same date =4"13.6™ a. m.

Red. to long. 117° 15’ W. -1.3 =4 123 am.
Hour angle of Polaris, west ' = 0k 53 6™

East of the meridian, p. m. obsn., U. C. in p. m,

242, s

'

Gr. U. C., Dec. 20, 1911 = 7" 34.8"p. m.
Red. to long. 117° 15/ W. = -13

L. M. T. of U. C., Dec. 20 =7 835 p.m.
L. M. T. of obsn., same date =4 351 p.m.

Hour angle of Polaris, east = 2B 58.4m
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East of the meridian, p. m. obsn., U. C. in a. m.

Gr. U. C., Sept. 2, 1911 1 —om4r4ma m.
Red. to long. 117° 15’ W. = =13
=2 461 a.m.
 L.M.T,of U. C., Sept. 2 s
L. M. T. of obsn., Sept. 1 = 6 34.0 p.m.
Hour angle of Polaris, east 4 g 12.1m

East of the nwnd‘um, a. m;.ob.m., U..C. in:p. m.

Gr. U. C., Mar, 19, 1911 - = 12 421mp. m.
Red. to long. 117° 15" W. rian <, o

’ =1 408 p.m.
L. M. T. of U. C., Mar. 19 | { .
L. M. T. of obsn., same date = 6 06.6 a.m.

Hour angle of Polaris, east | _ : = 7b34.2m
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‘o o+ . East of the meridian, a:'m. obsn.; U. C. in a. m.

S

Gr. U. C., May 18, 1911

= 9" 46.4™ a, m.
Red. to long. 117° 15/ W. = -13
L. M. T. of U. C., May 18 =9 451 a. m.
L. M. T. of obsn. =4 429 a.m.
Hour angle of Polaris, east = §b 02.2™

67. By reference to the preceding diagram showing the direction
of motion of Polaris in its diurnal circle, Zenith
themotion at western elongation is shown
to be vertically downward, and at eastern
elongation the motion is shown to be ver-
tically upward. = At the epoch of -either .
western or eastern elongation the motion
of Polaris in azimuth is zero.

At the equator, if Polaris could be ob-
served; the hour angle of Polaris at elon-
gation would be 90° 07 07=6" 0= Q¢
sidereal hour angle=5® 59™ 1.02% mean
time hour angle, but as stations of ob-
servation are occupied in the higher
latitudes the hour angle of Polaris at
elongation decreases progressively. The
reason for this is found in the fact that
all vertical planes intersect at the ze-
nith, and the point of tangency of a
vertical plane with the diurnal circle of
Polaris occurs at points corresponding
to decreasing hour angles with the higher el
latitudes. The ‘spread” of the two Fia. 8 —The meridian and
vertical: planes intersecting Polaris .at :ﬁ:ﬁ:mlgf‘zf det“o’;gle,‘gag
eastern and western elongation increases as viewed from inside of the
with the higher latitudes, giving in-  celestial sphere.
creasing azimuths at elongation with the more northern latitudes.

Merrdiorn
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68. Mean time hour angle of Polaris at elongation: ¢=the sidereal
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 ¢ tan ¢

Example of computing the mean time hour angle of Polaris at
elongation, April 3, 1915, in latitude 65° 0/ N., on which date the
declination of Polaris=88° 51/ 20’ N.:

¢=65° 0’; log tan ¢ = 0, 331327

6=88° 517 20”7; ‘‘ cotan & = 8.300530

““ cost = 8.631857

Sidereal hour angle =87°32741”
87°=51 48m

82/ = 2m (8¢

41//= 3!

s e

Reduction to mean time hour angle = —(0®m57

* Mean time hour angle at elongation =58 49m ]4°

ALTITUDE OBSERVATION OF THE SUN ‘TOR APPARENT TIME,

69. Altitude observation of the sun for apparent time: ¢=hour
angle from apparent noon in angular measure; reverse the signs of
8 for south declinations:

sin § (§+¢—8) sin } ({—¢+9)
cos} ($+o106) cosd (F—¢—9)

70. An altitude observation of the sun for time is made by deter-
mining the correct altitude of the sun’s center and recording the
watch time at the epoch of observation. The following order of
procedure is recommended for the elimination of instrumental exrors,
reduction to the sun’s center, and practical elimination of differen-
tial refraction: 1

Tan 3 t=

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.
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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 epoch of the watch readings.

P. M. OBSERVATION.

Thoroughly level the transit.

‘Observe the sun’s lower limb, recording the watch time of obeerva-
tion and vertical angle. '

Reverse the transit. +3)

Observe the sun’s upper limb, recording the watch time of observa—
tion and vertical angle. ;

‘The méan Vertical angle is equivalent to the vertical angle to the
sun’s center corresponding to the mean epoch of the watch readings,

Example of altitude observation of the sun for apparent tnme

Final ﬁeld notes. I o

August 24, 1909, in latitude 37° 167 50’ N,, and longltude 102° 12/
W., I make an altitude observation upon. the sun for time, makmg
two observations, one each with the telescope in direct and reversed
positions, observing opposite limbs of the sun:

Mean observed vertical angle  =19° 39 30"/
Mean watch time of observation= 4»56™ 04* p. m, ' "’

Watch slow of local mean'time = o™ 568 i,
" Flield record.
Telescope. gg‘%’; Watch time. | Vertical angley
re Tanoud
Direct. ... . 91, MBS He O L rdh £ . 4h55m22s | 10° 33’ 00",
Reatlmneds. . b e T —&Y 456 46 19 46 00
Mean .. . . WS tion e 4b56m04s | 19° 39 307 =v
ROEUIMION . 1. -5 sihit b aa s ERen € Gt vhimda il £ +¢ 55 5 T voide s = — 240

ParallaX.. .. v T ¢ VL T A0 BT FAREE e - =+ 008

% o h = 19° 36’ 58’
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EN 7o . True vertical angle=h=19°37

Zenith distance ~ ={=70°28/

wild ok » Sun’s declination =8=11°05N.
&= 70°23%’ .

Skieen-y §’=70°23’
o= 37 17 _ G=31 %7
(¢+¢)=107°40 (+—¢)=33°06"
5= 11°05 (+) $=11°05" (+)
4 values= :
(T+o+8)=118%5 59°22/30” 22°05/30’" (f—e--5)=44°11
(e +)=107°400 (£ —¢)=33°0¢/
oddy o 9= 1105 (+) 5=11 05 (+)
@4o=5)=96°35" 48°17/30” 11°00/30” (f—¢—3)=22°01"
l‘og sin }(5+¢—8)= 9. 873054
' gin }(f—p+8)= 9. 575291

" cos J(r+8+8)=9.707073 9. 448345
T o8 3z —p—8)=0. 991934

9. 699007 9. 699007 " ¢
182,3£4152m

‘“ tan? }t = 9. 749338 41/ = 2m44e
‘“ tan i = 9. 874669 24/ = 2
$t=36°50742"" 1=73°41/24"" t=4"54m4(G°

Apparent time of observation =4%54m46s p. m.
Equation of time +2 14

Local mean time of observation=457100° p. m.
‘Watch time of observation =456 04 p. m.

Watch slow of local mean time =  0™56*
MERIDIAN OBSERVATION OF THE SUN FOR APPARENT NOON.

71. Meridian observation of the sun for 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
+Hime 1ia had hv rofermine o0 the T'nhemerig for the Hme of the ain’a
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semi-diameter passing the meridian for the date of observatlon the
setting for the approximate altitude of the sun’s center is:
7#90°—¢ 43
OBSERVING PROGRAM.

Determine the meridian by the best means at hand and compute
the altitude setting for the sun.

Level the transit, place the instrument in the meridian, and ele-
vate 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.

Exa.mple of meridian observation of the sun for apparent noon:

Finel field notes.
" August 14, 1909, in latitude 37° 16/ N., and longitude 102° 16 Ww.,
‘with the telescope in the meridian and elevated to the sun’s altitude,
T observe the sun’s transit for tlme noting the watch time of traneit
of each limb:
. Mean watch time of apparent noon==12t Q0= 27+

 Watch slow of local mean time == .. 47 06*
Field record.
Setting: -190° 007

& = (L)37° 16/ N,
354 (£) 142/ N,

v # 67° 09
€ Watch time of transit, W. limb =114 59m 29¢
—-p Watch time of transit, E Iimb =12. 81 +32

Waitch time of apparent noon ' =12b 0= 27¢
Apparent noon =122 00™ 00°
Equation of time= 4- 4 33

Local mean time of apparent noon=12' 04 33

“* Waitch slow of local mean time = = 4m pé

The above form of meridian observatibn of the sun for apparenit
noonis by far the most convenientreliable method of time observation.
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TIME FROM THE SOLAR ATTACHMENT.

72. Several of the approved forms of solar apparatus, mcludmg
principally the Smith solar attachment and the Burt solar compass,
have a graduated arc or circle mounted normal to the polar axis to
indicate the apparent time of observation. The reading of the time
arc is most conveniently checked by comparison with thé above
form of meridian observation of the sun for apparent noon. An
error in the reading of the time arc or hour circle may be corrected
by adjusting the circle, or allowed for as an index error. The reading
of the hour circle may then be safely accepted as giving correct
apparent time for use in computing or taking out required declina-
tions of the sun for the various forms of solar observations. A proper
reading of the hour circle may be safely accepted to indicate apparent
time at which moment the watch reading may be noted, and the
watch. error local mean time determined as shown in the preceding
example of conversion of apparent time into local mean time; this
result derived for the watch error local mean time may then be safely
used in observations on Polaris at elongation, but for observations
upon Polaris by the hour angle method the time should be determined
by one of the more refined methods already given. .

LATITUDE.

73. It is absolutely necessary in the operation of any solar attach-
ment to employ the correct latitude of the station, and in general in
altitude ohservations upon the sun for azimuth or time the latitude
must be well determined. In the public-land surveying practice
all determinations of either time or latitude are an important part
of the program of operations only so far as these functions finally
enter into the establishment of the true meridian; all classes of
observations given in the Manual have been arranged to facilitate
the performance of solar instruments, and for this purpose a ‘definite
knowledge of the true latitude is highly important.  No lack of
reasonable precision should be allowed in the accepted latitude.
The various forms of observations for latitude are very simple and a
counsiderable series should be taken in every group of surveys, all
reduced to the township boundaries for comparison, untll a satis-
factory mean has been obtained.-

MERIDIAN ALTITUDE OBSERVATION OF THE SUN FOR LATITUDE.

74. Meridian altitude observation of the sun jfor latitude. ——Reverse
the #ign of & for-south declinations:
: U =00°15—h
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The following observing program is recommended:

Thoroughly level the transit and place the telescope in the merid-
ian elevated to the sun’s approximate altitude at noon.

Observe the altitude of the sun’s lower limb with the sun sllghtly
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 following is an example of meridian altitude observatlon of
the sun for latitude:

Final field notes.

October 5, 1909, in approximate latitude 37° 20/ N., and longitude
102° 04’ W., I make a meridian altitude observation of the sun for
latitude, observing the altitude of the sun’s lower limb with the
telescope in direct posit ion, reversing the transit and observing the’
sun’s upper limb:

Apparent time of observation, noon=12" ¢0= 00°

Mean observed altitude =47° 59’ 45"
Reduced latitude : =37°"197.3 N,
Field record.

Setting: 90° 00’
¢ 7= (=) 37°20 N.
57 (—) 4°42 8.
v 47° 58’
Lower limb 47° 49/

Upper limb 48° 147 .
Q-}-— Observed alt., lower limb, tel. dir.=47° 43/ 007

~Jo Observed alt., upper limb, tel. rev.==48° 16’ 30/

Mean observed altitude, v =47° 597 45"/
Refraction — 0 52
Parallax + 0 06
h=47° 58’ 59”7
é= 4 41 42 S.

¢=37° 19.3 N.==90°—6—h=37 19 19
90° 007 00”7
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75. The above-described observation is conveniently combined
with the meridian, observation of the sun for: time, by observing
simultaneously the sun’s lower and west limbs; recording the watch
" time and the vertical angle and reversing the transit in the interval
of about 2 minutes, and then observing simultaneously the sun’s
upper and east limbs. The settings for the approximate altitudes
of the sun’s lower and upper limbs, respectively, are:

17#90° — ¢+ 5F167
« :Example 'of meridian observation of the sun for time and latitude:

Final field notes.

June 8, 1910 in approximate latitude 38° 54/ N., and longitude
77° 017.6 W I make a meridian observation of the sun for time and
latitude, observing simultaneously the-altitude of the sun’s lower
llmb and the transit of the sun’s west limb, reversing the telescope
and observmg s1mu1ta.neously the altitude of the sun’s upper limb
and the transit of the sun’s east limb:

Mean observed altitude =73° 557307/
Reduced latitude =38° 53/.7 N.
Mean watch time of observation=12" 06™ 40°
Watch fast of local mean time , = 7™ 58s

Field record.
Setting: 90° 00/
¢ >  (—)38° 54’ N.
5= (4).22°49 N.

v 73° b5
Lower limb 73°.89
Upper limb 74911/, i
Watch time | Observed ver-

Position of telescope. Position of sux;:' ; Svangit: Soaliatizle.

12t O5m 37 73 42 307
08 30
55 30~
~16
+02

55 16"
49 00

= 38° 53°.7 N.-Wf+5—h T TRIRRIIIRES . ¢ oo bad bmtode oo ns piae s Aol = 38° 63’ 44"




INSTRUMENTS AND METHODS. 69

Watch time of apparent noon...... =128 06™  40* .l
Apparent noon.....=122 00= 00°
Equation of time..= — 118

Local mean time of apparent noon.=11 58 42

Watch fast of local mean time..... = 7R 58 o

The known latitude of the above station is 38° 53’ 40/, but it can
not be assumed that any one altitude observation of the sun, will
always give a result so close to the true latitude. In general a better
determination of the latitude by, this method is possible only by
making a series of observations on successive days, or by combmmg
the result with Polaris observations for latitude.

For the purpose of a test as to the accuracy of the above tune
observation, the same watch was compared with a We)stern TUnion
telegraph clock as follows:

75th meridian time of comparison.=12% 00= 00*

Correction for longitude 77° 1.6/ ...= =08 08
Local mean time of comparison. . .=11% 51m ' 54+
Watch time of comparison. ....... =11 59 &6
Watch fast of local mean time... .. Ml )IoE g (e

ALTITUDE OBSERVATION OF POLARIS FOR LATITUDE.

76. Altitude observation of Polarts at upper culmination for latitude:
¢=h+4-6—90°
Altitude observation of Polaris at lower culmination for latitude:”
The mean time hour angle of Polaris at lower culmmatlon is 11
hours 58 minutes 2 seconds:
$=h+90°—5
The settings for the approximate altitude of Polaris at upper and
lower culminations, respectively, are: oo
W $E(90°—3)
The following program is recommended in altitude observations
of Polaris at culmination for latitude. 0
Compute the local mean time and watch time of ¢ulmination.
Thoroughly level the transit. \
About four miniutes before culmination observe the altitude of
Polaris with the telescope in direct position.
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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.

Reverse 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 lower culmination
for latitude:
1 Final field notes.

* June 19, 1910, in approximate latitude 38° 54 N, and longitude
77° 01/.6 W., T make an altitidde observation on Polaris at lower
culmination for latitude, making four observations, two each with
the telescope in direct and reversed positions:

Watch fast of 75th meridian

_ standard time by comparison = o= 24s
Mean watch time of observation = 70 44m 375 p. m.
Mean observed vertical angle = 37° 447 007
Reduced latitude = 38° 53/.4 N.
: Field record.
Setting: 90° 00/
5488° 4Y
: 90°—5¢ 1° 11/
b i ¢438° 54/
0537° 43/=¢— (90°—3)
Gr. U. C. of Polaris, June 19, 1910 4 amd 1330 78 POP
Reduction to longitude 77° 1.6’ W. = =08
Reduction to lower culmination =11 58.0

7 36.9m p.m.

L. M. T. of L. C. of Polaris, June 19 = 7t 36™m54* p.m.
Watch fast of 75th meridian standard time by
. comparison with a Western Union telegraph

clock =4 0 24
Correction for longitude 77° 01/.6 W. =4+ 8 06

Computed watch time of lower culmination = = 7" 45™24* p.m.

3
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g . Watch Vertical
Delescope. time, angle.
Dipdet?{ . 1451 e R ORE S8y /08 05E W, FIei i Th 40m 14e 37°42" 30"
RE¥erseds. .t o leisgpn |y e g SR e 7 42 45 37 44 30
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AZIMUTH.

THE SOLAR ATTACHMENT.

77. The solar attachment to the engineer’s tramsit has been
designed for instrumentally setting off the sides of the ‘pole-zenith-
sun” triangle in agreement with their angular values at the station
and time of observation. The sun’s image may be brought into the
line of collimation of an auxiliary telescope by orientation of the
transit to the position where the instrumental parts are made parallel
to the respective sides of the celestial triangle, whereupon the verti-
cal plane of the ‘‘pole-zenith” arc of the solar attachment will
coincide with the true meridian. Skillfully handled, the 'solar at-
tachment will give at once close approximations to the true meridian
comparing favorably for accuracy with direct observations. The
advantage in the proper use of the solar attachment is found in its
rapid and close determinations of the meridian in heavy timber,
dense undergrowth, and strong wind, in low swamp or on high
mountain ascents, and uander nearly all other’ difficult physical
situations encountered in the field, avoiding in its proper use accumu-
lative errors incident to the prolongation and deflection of transit
lines, and deviations in the azimuth of latitudinal lines. Several
ingenioys instruments have been devised for this purpose, but the
Smith solar attachment, invented by Benjamin H. Smith, of Colo-
rado, in 1880, has given the most general satisfaction of any solar
instrument in meeting the special requirements of the surveying
service of the General Land Office wherein it has been developed
to a state of efficiency which has fully warranted the adoption of
this model as' a standard instrument for use in:the public-land
surveys.
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Owing to the different details in the design of the Smith solar
attachment as constructed by various instrument makers it is
impossible to discuss fully the test and adjustment of each without

_ giving a complete description of the several models, and this would
lead away from the purpose of the Manual. The standard modél,
embracing the most recent improvements, is therefore selected for
description, and discussion of the theory, adjustment and use of the
Smith solar attachment. The supervising officers will furnish the
surveyors with suitable instructions relative to the test and adjust-
ment of any other special instruments supplied to them, published
in circular form as deemed expedient.

DESCRIPTION.

78. The working parts of the Smith solar attachment consist of
five fundamental features, each performing its own distinctive
function. The principles involved have been adapted to various
types of construction, and the efficiency of the different designs is
related directly to the perfection which may be attained in making
& proper ‘adjustment in the field, the stability of the adjustments
when made, and the compactness of the design, considering protec-
tion to the working parts and proper distribution of weight. . ’I‘he
five fundamental working parts consist of:

1. An auxiliary telescope whose line of collimation is the polar
axis of the solar attachment; the telescope may be revolved in col-
lar bearings which are securely mounted on a vertical limb.

i2. The vertical limb is mounted on a horizontal axis and has a
graduated latitude arcin its vertical plane.

8. A plane mirror at the objective end of the auxiliary telescope
with an axis normal to the line of collimation, and an arm leading
to a graduated declination arc.

4. An hour circle on the auxiliary telescope mounted normal to
the line of collimation.

5. A set of equatorial wires parallel to the axis of the reflector.

In all the forms of construction of the Smith solar attachment the
auxiliary .telescope is mounted in a vertical plane parallel to the
transit telescope. ' Thus; if the instrument i8in proper adjustment
and oriented to the true'meridian, the polar axis of the solar attach-
ment may be made’ parallel to the earth’s polar axis by.setting off
the true latitude of the station. ' The sun’s rays are brought into the
auxiliary telescope by means of the mirror, due allowsnce being



INSTRUMENTS AND METHODS.

73

F16. 9.—The solar transit as it appears in use.
55465°—19——©6
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made for the sun’s declination north or south of the equator, but to
bring the sun’s image into the auxiliary telescope the latter must be
revolved in its collar bearings until the reading of the hour circle
agrees with the sun’s apparent time. When the auxiliary telescope
is thus revolved the sun’s image will traverse the field of the eye-
piece parallel to the equatorial wires with the limbs of the disk tan-
gent to the same. If the transitisturned in azimuth the sun’simage
will immediately depart from the equatorial wires, except at noon
when the image will follow the equatorial wires whether the transit
be turned slightly in azimuth or the auxiliary telescope be revolved
in hour angle. At apparent noon the declination arc is in a ver-
tical plane and at this time an absolute determination may be made
of the correctness of the reading of this arc.

In the modern construction the solar attachment is mounted
upon the east standard of a regular light mountain model full engi-
neer’s transit, the horizontal circle of which has a diameter of 4}
inches, with a vertical circle of 4 inches diameter. The horizontal
distance between the vertical planes of the transit and auxiliary tele-
scopes is a trifle less than 4 inches. The auxiliary telescope has a
focal length of 43 inches and a magnifying power of about 10 diam-
eters. The latitude arc has a radius of 8 inches, and the declination
arc has a radius of 3} inches.” Upon the latter arc the graduations
read the true declination and, as the mirror needs to be turned only
5° to correspond to a changeof 10° in the sun’s declination, the gradu-
ations are made in one-half space, i. e., aninterval of 10° on the arc
as graduated occupies a segment of only 5°. At zero declination
the plane of the mirror is at 45° to the line of sight of the auxiliary
telescope. Both telescopes are fitted with the necessary colored
glass shades for observing the sun. The base plate of the solar is
mounted upon three foot posts, adjustable by means of opposing
capstan nuts. This three-point base forms a right-angled triangle,
with one side horizontal and one side vertical, thereby permitting
adjustment in either of two directions: (¢) One about a horizontal
axis, and (b) one about a vertical axis. Suitable capstan nuts are
also placed at one end of the auxiliary telescope to provide for its
proper adjustment with respect to the axis of the latitude arc.

Good solar work must depend first of all upon the proper adjust-
ment of the transit upon which itis mounted, with great care in keep-
ing every working part cleaned, suitably oiled to work smoothly, and
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protected from adverse weather and injury. The same precautions
are due the solar attachment. It will give very efficient meridional
performance if properly adjusted and operated; nothing less can be
conceded.

Before starting in with the adjustments it should be determined
that the auxiliary 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 and free in either direction; that the
eye-piece is carefully focused upon the cross wires; and that the
objective is carefully focused upon any quite distant object, then
secured in this position. The eye-piece 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. :

ADJUSTMENT.

79. The field adjustments of the solar attachment should be con-
sidered 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 auxiliary telescope must lie in its true
turning axis.

3. The polar axis, or line of sight of the auxiliary telescope, must
be normal to the axis of the latitude arc, describe a true vertical
plane when turning on said axis, and said vertical plane must be
parallel to the vertical plane of the transit telescope.

4. The latitude arc should read zero when the auxiliary telescope
is horizontal.

5. The declination arc should at all times read the true declina-
tion of the sun plus the refraction in polar distance.

6. The hour circle should read the sun’s apparent time.

There are two or more methods of testing each and every adjust-
ment, but those stated below are without doubt the simplest, and
most rapid and reliable of all field methods. The true meridian
should be established by Polaris or other independent observation,
upon which to test the solar, but otherwise it plays only a small part
in the adjustments of the solar attachment. The true latitude of the
station must be definitely known. There should be a clear view to a
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distant object in the horizon, but if an object less than a mile away
must be utilized due allowance may be made for the horizontal dis-
tance between the vertical planes of the transit and auxiliary tele-
scopes.

1. The equatorial wires.—Set up the instrument as in a regular
solar observation, setting off the known latitude. declination and
apparent time, and bring the sun’s image accurately between the
equatorial wires by orienting the transit approximately to the meri-
dian, in which position the instrument should be clamped. (See
fig.9.) Turn the auxiliary 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 sun’s image departs materially-from
the equatorial wires, the capstan screws which hold the diaphragm
should be loosened and the reticle may be rotated until the equa-
torial wires are made to agree with the path of the sun’s image across
the field, then return each capstan screw to a proper seat.

2. Collimation of the auziliary telescope.—Swing the mirror to give
a direct view through the auxiliary telescope. (See fig. 10.) Set
the line of sight on a distant point and clamp the instrument.
Revolve the auxiliary telescope 12 hours in hour angle. If the line
of sight remains fixed on the distant 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 distant point, one-half
of the differences should be taken up with the capstan screws which
control the diaphragm. The test should be repeated until the auxili.
ary telescope is in perfect collimation.

3. The polar axis.—Carefully level the transit and then sight the
main telescope to the distant point and clamp the instrument; sight
toward the same point with the auxiliary telescope, and place the
striding level on the latitude axis. (See fig. 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
lower pair of capstan nuts on the base frame of the solar attachment.
If the line of sight of the auxiliary telescope is not parallel to that
of the main telescope it may be made parallel by means of the left-
hand upper pair of capstan nuts on the base frame of the solar. After
fulfilling the foregoing conditions turn the transit 180° in azimuth and
reverse both telescopes so as to sight again to the same distant object,
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F16. 10.—Direct sighting through the auxiliary telescope, with the mirror swung to
a central position, and showing the striding level on the latitude axis.
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setting the main telescope upon the object. (See fig. 11.) If the
auxiliary 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 pair of capstan nuts at one end of the auxiliary
telescope, and take up half of the error by again correcting the
left-hand upper pair of capstan nuts on the base frame of the solar.
The line of sight of the auxiliary telescope should now be normal
to the axis of the latitude arc, should describe a vertical plane when
turning on said axis, and said vertical plane should be parallel to the
vertical plane of the transit telescope. The tests should be carefully
repeated until the adjustments are perfected.

4. The latitude vernier.—Carefully level the transit, clamp the
latitude arc at zero, and place the striding level in position on
the auxiliary telescope. (Seefig. 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 aux-
iliary telescope is not horizontal it may be made so by means of the
tangent motion of the latitude arc. When the auxiliary telescope
has been made truly horizontal the reading will indicate the index
error of the vernier of the latitude arc. The vernier is held in posi-
tion by two screws passing through elongated holes, and by loosening
the screws the vernier may be shifted to read zero, or the difference
from zero may be carried as an index error.

5. The declination vernier.—A few minutes before apparent noon
set the instrument in the established meridian. Set off the known
true latitude, allowing for any index error in the vernier of the lati-
tude arc. Carefully level the transit and clamp the instrument
with the main telescope in the meridian. Bring the sun’s image
into the field of the auxiliary telescope by turning this telescope in
hour angle. At apparent noon bring the sun’s image accurately
between the equatorial wires by means of the tangent motion of the
declination arc. The difference between the reading of the declina-
tion arc and the calculated declination (corrected for refraction)
will indicate the index error of the vernier of the declination arc.
This vernier is also held in position by two screws passing through
elongated holes, and by loosening the screws the vernier may be
shifted to read the calculated declination for apparent noon of that
date, or the difference may be carried as an index error. This test
should be made every day the instrument is used. If by some
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Fi1G. 11.—The auxiliary telescope in reversed position. -
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failure in the adjustments of the solar attachment a difference of as
much as 30"/ from previous tests should be discovered in the noon
observation, the new error will generally be found in one of three
places: (a) The auxiliary telescope may be out of collimation; (b) the
vernier of the latitude arc may have become loose and shifted; or (c)
the vernier of the declination arc may have become loose and shifted.
Any slight error in the other adjustments, or in the determination of
the established meridian, will not appear in the noon test of the
declination arc.

6. The hour circle—A few minutes before apparent noon set the

- instrument in the established meridian. Level the transit and clamp
the instrument with the main telescope in the meridian and 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 auxiliary 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 and shifting the circle until the reading agrees with the
watch, care being taken not to move the auxiliary telescope in hour
angle until after the set screw is again seated. The test may then
be repeated as often as desirable.

USE.

80. Before using the solar attachment the latitude of the station
and the sun’s declination (properly corrected for refraction in polar
distance) must be I'mown and accurately set off on the respective
arcs. The instrument is carefully leveled and the apparent time
set off on the hour circle. The transit is then oriented to the meri-
dian. The plates are generally first set at zero and the sun’s image
brought into the field of the solar telescope before setting the lower
clamp; thereupon the sun’s image is brought accurately between
the equatorial wires with the lower tangent motion; this gives the
solar meridian. The transit may then be used for any normal func-
tion. The solar meridian may be tested as many times as may be
desirable by simply setting the plates back to zero and turning the
auxiliary telescope in hour angle to the apparent time; this brings
the sun’s image again to the center of the fiecld. The sun’s declina-
tion is constantly changing at a very slow rate, so that it is necessary
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F16. 12.—The striding level on the auxiliary telescope.




82 MANUAL OF SURVEYING INSTRUCTIONS.

to correct the reading on the declination arc with its tangent motion
to agree with the declination of the sun for the apparent time of
observation.

The great advantage of the Smith solar over all other forms of
solar attachment is found in the fact that the latitude and declina-
tion arcs remain clamped while the transit is being used in any nor-
mal function. Upon setting up at a second station it is necessary
merely to correct the latitude and declination arcs with their tangent
motions to agree with any change from the previous station. For
this reason it may be operated more rapidly than any other form
of solar attachment. Infact, the solar meridian is so quickly deter-
mined that the observation is usually repeated at every station.

The same restrictions which must be recognized in making direct
observations on the sun operate in the same way as a prohibition in
the use of any solar instrument. There are only two such limita-
tions: (1) When the sun is within two hours, or possibly an hour and
one-half of the meridian; and (2) when the sun is low in the horizon.
In the first instance, the sun’s relative rate of change in azimuth is
much greater than the rate of change in altitude, and a small error
in adjustment or in setting the arcs is greatly multiplied. In the
second case the refractions are great, more or less uncertain, and
changing rapidly.

The latitude of the station should always be determined with
great care. Altogether too many maps are unreliable in this respect.
If the latitude has been determined by competent observers, well
and good, it may be free from error, but the direct altitude observa-
tion upon the sun for latitude is so simple and the reduction so easy
that every operator of a solar transit should make it a practice to
accomplish direct observations on the sun for latitude on as many
successive days as may be necessary to give areliable determination
of the true latitude of any unknown station.

TEST.

81. When the solar attachment has been put in good adjustment
it is proper to test it frequently on a true meridian established by
Polaris observation or other approved method. The test consists
merely in determining a meridian with the solar and comparing
this indication with the true meridian established by other reliable
method. The test should be repeated in a. m. and p. m. hours at
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frequent intervals, and the noon observation should most certainly
be taken every day that the solar is used.

The selection of the method of observation to establish the true
meridian will be made by the surveyor, the facts relative to which
are to appear in the final field notes, and the solar attachment may
be considered in satisfactory adjustment when all meridional tests
during the usual hours of solar work are found to come within 1/ 30"
of the true meridian, whereupon the certificate of the surveyor’s
examination of the adjustments of his instrument will take the

following form:

Field record.

Final field notes.

Buff Solar Transit No. 8028,
Sun’s declination at Greenwich noon

=5b58ma. m, localapp t. =18° 32704 8.
Diff. 10b, —3k2"" 622 S.
3b58m p, m. =18°38" 26/ 8,
18°S.
o ~ W N -
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o {North
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* Adjust auxiliary telescope for collimation.

Nov. 16, 1911, at my station in Sec.
35, T. 11 N, R. 6 E., 5th Prin, Mer.,
Arkansas, in latitude 35° 32.9 N., as
determined by the mean of altitude
observations on the sun on Sept. 26
and 29, 1911, heretofore described, and
longltude 90° 25" W. ,1 examine the ad-
justments of the instrument and cor-
rect all errors. I then test the solar
apparatus by comparing itsindications
hourly with the true meridian estab-
lished by Polaris observation Sept. 26,
1911, heretofore described.

At9n0ma. m, ,app.t., I set off 35°33’N.,
on the lat.arc; 18°327.5 S., on the decl,
are; and determine a meridian with the
solar which I find to agree with the
true meridian.

At app. noon, with the lat. arc un-
changed, I observe the sun on the
metidxan, the resulting reading of the
decl. arc is 18° 34’.5 S., which agrees
with the computed declination of the

sun,
At 3b0= p. app.t., with the lat. arc
unchanged, fset off 18° 36’ S., on the

decl. arc; and dgtermine a meridian
with the solar which I find to agree
with the true meridian.

As all of the solar observations during
the usual hours of solar work come
within 1’ 30" of the true meridian, I
conclude that the adjustments of the
instrument are satisfactory.

THE SOLAR COMPASS.

82. The Burt solar compass, invented by William A. Burt, of
Michigan, in 1836, was the first solar instrument, and since its intro-
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duction the instrument has been extensively used in public-land
surveying; the solar compass has given general satisfaction and is
still used to some extent in the public-land surveys, but in recent
years it has been largely superseded by the more complete instru-
ment already described. The Burt solar apparatus is designed for
mounting upon an open-sight compass, commonly used in the
early public-land surveys. A polar axis is fitted in line with the
terrestrial sights when the plate verniers are set at zero. The in-
clination of the polar axis is controlled by a latitude arc mounted in
the same vertical plane. Normal to the polar axis there is a revolv-
ing arm upon which is mounted a declination arc and two solar lines
of collimation, one for north declination of the sun, and one for south
declination. Each line of collimation consists of a lens and silver
plate or disk mounted upon opposite ends of the revolving arm;
parallel equatorial lines are drawn upon each disk symmetrical with
the axis of the opposite lens. Two adjustments are peculiar to the
Burt solar compass, which are here given for the surveyor’s reference
in the field; these adjustments should be made when the sun is within
an hour of the meridian.

(1) To make the solar lines of collimation parallel.—The declination
arm will be detached and replaced by an auxiliary frame upon which
the arm will be laid. Set the latitude and declination arcs approx-
imately correct for the hour, date and station, and bring the sun’s
image upon either disk as in an orientation to the meridian. Now
turn the arm over, without reversing from end to end, and see if the
sun’s image again comes between the equatorial lines; if not, adjust
the disk for half the difference and repeat the test until satisfactory.
When this has been accomplished, reverse the arm from end to end
for the purpose of adjusting the second disk with respect to the
opposite lens. Remove the auxiliary frame and attach the declina-
tion arm in place.

(2) To set the vernier of the declination arc.—Set the declination
vernier to read approximately zero, and bring the sun’s image upon
either disk as in an orientation to the meridian, changing the eleva-
tion of the polar axis as may be necessary to bring the solar line of
collimation upon the sun. With the sun’s image accurately between
the equatorial lines, clamp all other motions and reverse the declina-
tion arm on the polar axis, thus bringing into use the second line
of collimation. Noteif the image of the sun is now squarely between
the second pair of equatorial lines; if not, correct half the differ-
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ence by movement of the tangent screw of the declination arc.
Again orient in azimuth to bring the sun’s image accurately between
the equatorial lines, clamp and reverse as before, repeating the test
until satisfactory. When the lines of collimation have thus been
made truly at right angles to the polar axis, the vernier may be shifted
to read zero in this position.

The general test of the Burt solar compass, by comparing its indica-
tions, resulting from solar observations made during a. m. and p. m.
hours, with the true meridian determined Ly independent method,
is similar to the test of the Smith solar attachment except in respect
to the test of the latitude arc. No provision is made for independent
adjustment of the latitude arc, and in the operation of the Burt
solar compass the latitude is used as given by the instrument resulting
from a meridian observation on the sun. In this respect therefore
the noon observation with the Burt solar compass differs from the
noon observation with the Smith solar attachment.

Example of noon observation with the Burt solar compass, in lati-
tude 38° 53/ 40/ N., and longtitude 77° 01. 6/ W.:

“May 6, 1910: At this station I set off 16° 26/ N., on the decl. arc;
and, at apparent noon, observe the sun on the meridian; the result-
ing latitude is 38° 54’ N.”

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 new 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 azimuth. This may be particularly true with a solar
compass prior to a determination of the instrumental latitude. The
correction of such errors has been provided for in Table 22, Standard -
Field Tables, which may be applied to results of single observations
with considerable certainty, but not so well to a series of observations
asin 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
errors in setting the latitude and declination arcs.

For example, at 9240™ 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 fall 0° 05’ west of the true meridian. Sub-
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sequent 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 46° 21”.5 N., and that the vernier
of the declination arc had an index error which gave readings
0° 007.5 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 17.5 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 chtain the correction coefficients:

|
Hours from noon. |
Latitude. ‘ ;
2h Om 2h 20m, 3h (m, |
| |
45° 00" 2.83 2.55 2.00
8521555 STENS TR B e s e et Declination  coeffi-
50 00 3.11 2.81 2.20 cient.
45 00 2.45 2.10 | 1.41
48, 921, & shoar Lo lacE A alOialh - iasamais s Latitude coefficient.
50 00 2.69 2.31 1.56
|

The corrections are then applied as follows:
Indication of solar in test =S.0° 05°.0 W.
Correction for declination = 0 01 .3 E.=(2.62X0.5)
Correction for latitude = 0 03.2E.=(2.16X1.5)

Corrected indication of solar=S. 0° 00/.5 W.

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 satisfactory 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 evidence of
correction for index errors found in the verniers of the latitude and
declination arcs, ‘other than to state, when such are determined, that
the same are forthwith removed or are allowed for in subsequent

observations.
POLARIS AT ELONGATION.

84. The surveyor having thoroughly considered the theory and
use of the solar instrument in its relation to the public-land surveys,
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and presumably mastered its operation, his attention is now directed
to the approved methods of observation to establish the true meridian
with which to make comparisons of the indications of the solar
apparatus as a necessary test of such an instrument, or without a
solar instrument, the establishment of the true meridian from which
to project transit lines and to test the calculated course thereof.

Of the various independent methods of observation to establish
the true meridian, the simplest and most reliable is found in the
observation upon Polaris at eastern or western elongation.

Azimuth of Polaris at elongation:
S &

2 ()
Sin A=
co

s

Zenith

Observing
Sstation

‘The meridian and vertical planes tangent to the diurnal circle of Polaris as viewed
from outside of the celestial sphere.
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Example of computing the azimuth of Polaris at elongation, Octo-
ber 20, 1910, in latitude 46° 20/ N., on which date the declination of
Polaris=88° 49’ 48/ N.:

log cos 6=8.310033
‘¢ cos $=9.839140

¢ sin 4=8.470893

A=Azimuth of Polaris at elongation=1° 417 41”.

85. A table of azimuths of Polaris at elongation for latitudes from
25° to 70° N., appears in the Ephemeris, arguments: declination of
Polaris, and latitude of station.

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. 88° 49’ 40" 88° 49’ 48'' 88° 49’ 50",

Azimuths at elongation.

46° 00’ 1°41715” 1° 41’ 04” 1°41 01”7
46 20 1 41 42
47 00 1 43 08 1 42 57 1 42 54

By interpolation in the table the required azimuth of Polaris
at elongation is therefore found to be 1° 41/ 427,

86. An observation upon Polaris at elongation for azimuth con-
sists 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 from 5 to 10 chains N. of the transit point, and
should be cleared of all obstruction before dark. Determine the
local mean and watch time of elongation of Polaris, provide suitable |
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illumination for both the transit and flag point, and have every-
thing in readiness as much as 15 minutes before the time of elonga-
tion.

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.

Reverse the transit to the direct position of the telescope, biséct
Polaris, note the watch time, and mark the direction of sight.

By daylight détermine the mean (a) of the first and fourth sights,
and (b) the mean of the second and third sights; then take the mean
of points “‘a’’ and “d” to define the true direction of Polaris
at elongation.

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 west-
ern elongation or to the west for eastern elongation.

The above program practically eliminates instrumental errors
in observafion. In laying off the azimuth of Polaris; the angle may
be laid off directly, if desired, checked by the method of repetitions,
and corrected if necessary; or the azimuth angle may be laid off by
the natural tangent method; this should then be chécked by reading
the angle on the plates.

Example of observation of Polaris at elongation, observing pro-
gram ‘(a:Y, 5

55465°—19——7
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Field record. Final field notes.

Sept. 10, 1911, Gr. E. E. Sept. 10, 1911, in camp at the
of Polaris, lat. 40° =8b17.0m p. m. standard cor. of Tps. 1 N,
Red. to long, 111° 45’ W = —1.2 Rs. 39 and 40 E.’, Boise Mer.
Red. tolat. 43° 22" 30" N = 40.5 in latitude 43° 22’ 30” N., an
—_— longltude 111“ 45 W., at
8s ] M ta X

L. M. T.of E. E. of Polans.‘...-sshlﬁ 3mp.m. Qbserve o]aris at eastern
Watch slow of 1. m. t. -1.7 elongation, making four ob-
—— servatlons, two each with

Watch time of E. E. == 8hl4. 6= p. m. the telescope .in direct and

reversed positions, and mark

the mean point in the line
Telescope. Watch Time. thus determined, on a peg
driven firmly in "the ground
T 5.chs. N.
Rvetiad 1 IS g0 P Addmnth of Polaris at castern
Reversed. .. . /1201111 8 14 34 L
Direet, . .o occer viam30ns s e Se t11: Tlay of ot’het azillx]nuth of
olaris, 1° 36’ 30”’, to the west,
‘ Mean .y e s murpize -y d+tocf 82120460 D, . and mark the meridian thus

; ¢ determined, 1by a tack in a peg
Declination of Polaris—85° 49’ 54" N. Rn W D ln T SONER,

. N.

Declination.

Latitude. | 88°49750” | 88° 49’ 54 | 88° 49’ 60

Azimuth.

43° 00’ 00”7 | 1°35' 57" | 1°35' 51" | 1°35 43"
/43 22 30 : 1 36 27
44 00 00 1 37 33 137 27 1-37 19 Y

The above program of observation of Polaris at elongation is the
most convenient method where there is an opportunity to mark the
direction of the line of sight. 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
agshown in the next method. g

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 approximately in the
true meridian as determined by the solar before sunset, or choose
other suitable reference mark in any direction. The reference
pointshould not be nearer to the transit than 5 chains distant. Deter-

\
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mine the local mean and watch time of elongation of Polaris, pro-
vide suitable illumination for both the transit and flag point, and
have everything in readiness as much as 10 minutes before the time
of elongation.

Thotoughly level the transit.

About 6 minutes before elongation with the transit in direct
position, read and note the 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 observa-
tion.

Again level the transit.

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.

Reverse 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/ 017 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 all of the watch readings fall within the stated period.

The mean of the four horizontal deflection angles may be taken
to which must be applied the value of the azimuth of Polaris at
<longation taken from the table, to obtain the true bearing of the
reference flag, from which the true meridian may be laid off, or the
flag may be used as a reference point.

A‘refe{ence 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. The insignificant figures
of the final result may be discarded if the value of the bearing angle
does not enter into another determination that demands great pre-
cision. In the example below the true meridian may be laid off by
accurately measuring a distance from the reference point, at right
angles to the line of sight, found by multiplying the distance from
the instrument to the reference point (660 ft.) by the tangent of the
bearing angle (nat tan 0° 00/ 44”/=0.00021) which gives 0.14 ft.
After laying off the true meridian the angle from the reference point
may be checked by the method of repetitions.
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Example of observation of Polaris at elongation, observing pro-

CEg M.
gram ‘‘b”’:

Field record.

Final field notes.

Apr 1, 1911, Gr. W.
of Polaris lat. 4
Red. to long 104° 39’ w.
lat. 46°13’ N.

L. M. T. of W. E. of Polaris.
Watch slow of L. M. T.

Watch time of W. E

20 4612 p. m.

= — 1 0
=6h 44.8mp. m,

= — 2,

=6h 41.1m p. m.

Watch Deflection
Telescope. time. angle.
i Un ] R R I R 6h 37m 22s 1° 41’ 00"’
Reversed ......coenuuenn 6 39 40 1 40 30
Reversed ......coeuvn... 6 43 14 1 40 00
Dot . G SRS 6 45 30 1 40 30
1 R e 6h 41m 26s | 1° 40’ 30"
Declinationof Polaris=88° 49’ 58" N.
Declination.
Latitude. | 88°49 50" | 88° 49’ 58" | 838° 49 60"’
Azimuth.
46° 00’ 1°41'01'7| 1°40° 50" | 1°40’ 47”7
46 13 1 41 14
47 00 142 54 1 4242 | 1 42 39

Apnl 1, 1911, in camp at the cor.
of T]gs 5 and 6 N., Rs. 56 and
57 Mer. ., Montana,
in latitude 46‘ 13'N., and longl-
tude 104° 39’ W. 6h 44.0m
.m,lm.¢,TI of)serve Polar-
is at western elongatlon, mak-
ing four observations, two each
with the telescope in direct
and reversed positions, readin,
the deflection angle from a tac!
in a peg dnven firmly in the
i‘round, chs. N., ‘west to
olaris:

Azimuth of Po-
laris at west-
ern elonga-
tion =

Mean deflec-
tion angle =

1°41’ 14"
1 40 30

True bearing of
mark =N.0° 00’ 4”’W.

89. Both of the above observing programs require the surveyor to
compute in advance the correct watch time of elongation, and in so
conducting the observation the minimum period is consumed in the
observing program; every opportunity is also thus afforded for re-
versals to eliminate instrumental errors and otherwise to introduce
creditable refinement. However, 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,
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or zero motion in azimuth, is taking place, when the surveyor marks
the direction of sight 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
at an accelerating rate. This suggests a third, but less refined, ob-
serving program.

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 as much as an hour before the time of elonga-
tion.

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 lateral 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. 3 '

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, 3nd establish the,
meridian by properly laying off the correct azimuth as described
in observing program ‘a.” :

AZIMUTH OF POLARIS AT ANY HOUR ANGLE.

91. While no more reliable method is at the command of the sur-
veyor for the establishment of the true meridian than the observa~
tion upon Polaris at elongation, yet the epoch of elongation may
occur at a very inconvenient time and 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 azi-
muth at any time that the star is visible; the precise watch error
local mean time must be known, but if this has been determined,
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the hour angle method becomesat 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
observation 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 so simple and yet so highly refined that the surveyor should
early become thoroughly familiar with the hour angle method.

92, Azimuth of Polaris at any hour angle.—*‘‘t” =sidereal hour
angle in angular measure; in hour angles exceeding 90° the function
““—sin ¢ cos t”’ becomes positive by virtue of the cosine of an angle
between 90° and 270° being treated as negative in analytical reduc-
tions: ; '

L sin ¢
cos ¢ tan §—8in ¢ cos ¢

Example of computing the azimuth of Polaris, February 23,1911,
at 2 mean time hour angle of 2t 37.4™, in latitude 33° 20/ N, on
which date the declination of Polaris==88° 50 08’ N.:

Tan A

Mean time hour angle =Qh37 41
=9h37mo4s. 9h =3(°
(8 = "9 1H!
Red. to sidereal hour angle=  +26° 50° = 12/ 30"
Sidereal hour angle =2837m508 =39°27/ 30"

log cos ¢ = 9.921940 logsin¢ =9. 739975
¢“ tané = 1.691944 ** cosi =9. 887666

¢ cos ¢ tan 5= 1.613884 ‘¢ sin ¢ cos ¢=9. 627641
] ¥ —_—=
nat cos ¢ tan 6=41. 104 nat sin ¢ cos t=0. 424

nat sin ¢ cos t= 0.424 (=)
log sin ¢ =9, 803127
Algebraic sum=-40. 680 ¢ 40.680 =1. 609381
==
“ tan 4 =8. 193746

Azimuth of Polaris at above hour angle, A=0° 53/ 42/
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. 93. A table of azimuths of Polaris at all hour angles; for latitudes
from 30° to 50° N., appears in the Ephemeris, arguments: declina-
tion of Polaris, mean time hour angle, and latitude of station. ¥or
other than the latitudes given in the table the surveyor will be
required to solve the above equation.

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:

Declination. Latitude.
88° 50’ 0 | 88° 50/ 08| 88° 50" 10" 32° 00/ 33° 20/ 34° 00/
Mean time hour angles. Azimuths of Polaris. t -
p a8
2h 34.7m | 2h 35.1m | 2k 35 2m 52'.2 53.1 535
1 37.4 53.7 '
. 411 41.5 41.6 54. 0 54. 9 55. 3

By interpolation in the table the required azimuth of Polaris is
therefore found to be 0° 537.7=0° 53/ 427/.

.94, Example of computing the azimuth of Pola.ns, Sept. 11, 1911
at a mean time hour angle of 72 25.1®, in latitude 42° 54/ N, on wh1ch
date the declination of Polaris=88° 49/ 54’ N.:

Mean time hour angle.............. =7h 25 1m 7h =105°

. =75 25m 06*  26%=. 6°30"
Reduction to sidereal hourangle....= +41=13* 19 = 47 4577
Sidereal hour angle................. =7h26m 19 ' =111°34’ 45"
log cos ¢ =9, 864833 log sin ¢ A =9.832069
“ tan § =1.690496  ‘‘ cos t =9.565596
“ cos ¢ tan s =1.555329 . sin ¢ cos ¢ =9. 398565

nat cos ¢ tan § =35.919 nat sin ¢ cos ¢ ='.250
“ sin ¢ cos d = .250(+) logsin ¢ =9.968441
Algebraic sum =36.169 36,169 =1.558337
¢ tan A ==8.410104

Azimuth of Polaris at above hour angle, A L =1°28722"
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95. Example in the use of the table of azimuths of Polaris at any
hour angle, same date, hour angle and station as above:

Declination. Latitude.
88° 497 50’7 | 88° 49’ 54’’| 88° 49’ 60/ 42° 00 42° 54/ 44° 0¥
Mean time hour angles. Azimuths of Polaris.
7b 15.7m 7h 15, 1m 78 14.2m 88,6 89’.9 91’5
25.1 88. 4
29.3 28.8 28.0 86. 6 87. 8 89. 4

By interpolation in the table the required azimuth of Polaris is
therefore found to be 88/.4=1° 28’ 247/,

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 epoch, 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 epoch, the watch error local mean time being known,
by which to determine the true bearing of the reference point.

HOUR ANGLE OBSERVATION OF POLARIS, OBSERVING PROGRAM ‘‘a.,”

9%. Select the observing station and make suitable provision to
mark the line defining the direction of Polaris; the flag point should
be 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, mote 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.

Reverse 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 () of' the second and third sights; then take the mean of
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points “a’” and “b” to define the true direction of Polaris at the
epoch 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 meri-
‘dian or to the west if Polaris is observed east of the meridian.

Example of hour angle observation of Polaris, observing program
L a ¥’:

Field record. - Final field notes.

Meridian observation of the sun for apparent noon: Octf. 5, lglg, i6n giimpdat the cor.
Sad; of secs. and 32, on the

=3¢ 13%’ & e S. bdy. of 1,31 8., k.42 W.,

. 6th Prin. Mer., Colo., in lati-

T ° na’ tude 37° 177.6 N., and longi-
¢+5=41° 54 u=48° 06 tude 102° 11’ W., 1 make &
) Watch time. meridian observation of the
Sun’s W.limb G~ ==12b Q0= 18+ sun for apparent noon:
wog, oo« B =12 02 26 Watch time of obsn.=12h Olm
Watch time of app. noon =12b (1m 22s Watch fast of l.m. t,=12n 47¢,
App. noon =128 00 00 il
Equation of time = —11 25
L. M. T. of apparent noon =11 48 35
Watch fast of 1. m. t. 120 47%

Hour angle observation of Polaris:

Telescope. " Watch'time. d
e N i - ]
Difsot. .. ..ot oneebii sy g 8= 40+ p. m. A;t’;ff*l‘“;fstt?}‘gégg dgho=
15 51 36 angle observation on Polaris
5.52 54 east of the meridian, makin,
Im}:ll; o%)lfertvazltlons, tiwo each’
K wi e telescope in direct
v ‘;’gm :;‘ PN and reversed pogitions and
2 lxﬁ]ar%:hthg x?ean potiint the
5b 37m 58 . m. e thus determined, on a peg
28 38"‘ g g o gré}\lr:n Nﬁx'mly in the grourd,
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et e R B A

Field record, con. i Final field notes, con.

- Gr. U, C. of Polaris, Oct. 6, 1910 =0h 32.7m a, m.
Red. to long. 102° 11’ W. = - 11

L. M. T., U. C. of Polaris, Oct. 6=lgh 31.6m a. m.
4
L. M. T. of obsn., Oct. 5 =5 380 p.m.

Hour angle of Polaris east of the
meridian = 6h 53.6m Watch time of obsn., mean of

: ¢ fourreadings—shsomwp m.
Declination of Polaris==88° 49’ 42” N.

Declination. Latitude. Oct. 6, I lay off the azimuth of
olans 1°25’ 307, to the west,
and mark the meridian thus

+88°49 geterm.ltsined 1by a tticki.n apeg
o ° o
w,l o | 507 | 36° 00 37_ 18 | 38° 00 SrclggnN rmly in the ground,

Mean time hour angles. Azimuth of Polaris.

6h51.6m |6b 51.2m |6h49.5m| 84,3 | 85.7 | 86'.5
53.6 85. 5
61.5 61.1 5.6 | 8. 3| 84.8| 8.6

HOUR ANGLE OBSERVATION OF POLARIS, OBSERVING PROGRAM d.”’

98. Select the observing station and choose a suitable reference
mark in any direction. . The reference point should be at least 5
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 properly 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 properly bisected.
~ Again level the transit.

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 properly bisected.

Reverse 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 properly bisected.

Treat the reduction as one observation, applying the watch error
to the average watch time of observation to obtain the correct local

RN PRl L ol IR i ol il L LR TL
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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 flag, from which the true meridian may be laid off, or
the flag may be used for a reference point.

Example of hour angle observation of Polaris, observing program
[ b 2 :

Field record. Final field notes.

Hour angle observation on Polaris:

March 21,1910, at a transit point

Horizontal angle 3 e
Telescope, from flag to| Watch time. %;?ld‘gggn 5355%1}1 1\]1) : S,{é’]lolaﬂ.
Polaris, tude 77° 1’6 W., I find

comparison with a Western
Union teleix;a h clock that

177° 34" 30'’ | 6b 22m 37s p. m.,

177 34 30 |6 25 29 my watch is 1m 22 slow of
75th meridian standard time.

177 34 00 | 628 17 At the same station at 6k 19.9m

PR E-001] §430% 3 g m,, L. ]m_ %, I ntl_s.ke an
Mean. . . 177° 84’ 157 | 61 26m 40s p. . |[ POl B0E S OOSEVALIOR on
Watch slow of 75th mer. stand- two' eachiewith the Talisto pé

ard time + 1 22 T 5
Correction for longitude.......... —~ 88 !flilogmr?a:i?n% I&efxsoer(iizo%ots;i
L. M. T. of obsn. Mar. 21, 1910~ 68 19m 563 deflection angle from a flag

6b 19.9m p, m. ole about 20 chs. 8., in the
Gr. U. C. of Polaris, irection S-W-N to Polaris.
same date..... =1h 33, 0m p. m, Watch time of obsn.=6b 26m
Red. to long. 40% p. m.
77°16' W...... =09 = 1321 p.m, Mean horizontal angle
from Polaruis 'to" 3
Hour angle of Polaris west of I Agziirgnuth_r" 34'15" N-W-8
the meridian =4h 47.8m of Polarise 1 26 24 W
f— . ——— Y
Declination of Polaris =88° 49" 41" N. || oo bear-
iﬂ%g 0{‘1 179° 00’ 30” W
Declination. Latitude. 8 S s W
88° 49"

1§ e Wt 38° 00" | 38° 54’ | 40° 00"

Mean time hour angles. | Azimuths of Polaris,

4b33,5m | 33.7m | 35.0= | 83.6 81’.’1 86'.0
86 .
49.0 49.2 50.8 8.56| 8.6| 83.0
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POLARIS AT SUNSET OR SUNRISE.

99. Polaris is conveniently observed for azimuth by the hour
angle method at sunset or sunrise without artificial illumination.
The preparation for the observation consists in computing in advance
the approximate settings in azimuth and altitude in order to find
Polaris, and the plan contemplates an approximate reference
meridian: With the time of sunset or sunrise assumed as the time of
observation, the hour angle ‘“¢” and azimuth ‘‘ A”’ are ascertained
in order to find the position of Polaris in azimuth; the position in
altitude is found by the following approximation, the positive sign
being used for hour angles less than 6 hours ‘and the negative sign
for hour angles exceeding 6 hours:

v54¢470/ cos t

Ixample of computation of the position of Polaris at sunset, May
6, 1911, at a station in latitude 47° 20’ N, and longitude 102°40/ W.:

From the Ephemeris the declination of the sun is found to be
16° 18/ N., and by entering Table 17, of the Standard Field Tables,
the apparent time of sunset is found to be 7% 15 p. m.

Assumed time of obsn., May 6, 1911 = a2 153 e

Gr.U.C.of Polaris, May 6 = 10"33.5™a.m. .-+12
Red. to long. 102° 40 W. -1.1 = 10 32.4 .a.m.

Assumed hoﬁr angle of Po-

laris west of the meridian = 8h 42, 6m
Hour angle, angular meastre =. 130° 39’
Azimuth of Polaris, W. # 32,.T7%
Latitude of station =47° 20/ =T
70’ eps 1=70 cos 130° 39/ = 46(—)
v446° 347

Example of computation of the position of Polaris at sunset, Nov.
6, 1911, at a station in latitude 47° 20/ N, and longitude 102° 40/ W.:
From the Ephemeris the declination of the sun is found to be
15° 44’ 8., and by entering Table 17, of the Standard Field Tables,
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the apparent time of sunrise is found, 4 he 74 12m 5. ;xi;é.,:iz); of spnset
42 48™ p. m, Bt e 3 3

Gr. U. C. of Polaris, Nov. 6, 1911 =10 28.2™ p. m.
Red. to long. 102° 40’ W. - = =11

L. M. T. of U. C. of Polaris =108 27.1™ p. m.
Assumed time of observation =4 48 p. m.

Assumed hour angle of Polaris east of the meridian= 5 39.1=

Hour angle, angular measure =84° 46/
Azimuth of Polaris, E. < FO 497
Latitude of station =47°"20/ e,
70/ cos t==70 cos 84° 46’ = 06 (+)

v#£47° 26/

Example of computation of the position of Polaris at sunrise,
November 7, 1911, and same station as above:

7h 19m
Assumed time of obsn., Nov. 7, 1911 ={+lé 1273 s
I. M. T. of U. C. of Polaris, Nov. 6 = 10 27.1p.m.
Assumed hour angle of Polaris west of the meridian= 82 44.,9™ *
Hour angle, angular measure = 131° 14/
Azimuth of Polaris, W > e g
Latitude of station =47°20/ R Y
70/ co8 t="70 cos 131°14/= 46(-)

v7446°347

Thus at the above station in latitude 47° 20’ N., and longitude
102° 40/ W., to observe Polaris by the daylight maethod an approxi--
mate meridian should be established with the solar hefore sunset,
then to find Polaris the following angles are set off:

Horizontal | Vertical

angle, angle.
BUNRRE Mav 6, 1911, .2 om aene s 1ok onsiidian ot st oK <o 1°17 W. 46° 34
Sunset Nov. 6, 1911 ... 1°43' E. 47° 96"

Supzlse Nov. 7 90 . .. 2e bt askin e is. b Rmb bl <odial 164 46° 34°
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. The abuve “peftmgs” are n'.epely approximations, but sufficiently
cloee, however, to bring Folans reasonably near the center of the
field of the telescope where the star will be found in plain view;
" the telescope should 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 not observable during daylight. When
Polaris has been found the above settings have answered their
purpose and the observation may proceed in accordance with either
observing program “a” or “b” of the hour angle method, the final
reductions to be based upon the precise details of the observation.
During the reversals of the transit the settings should be made each
time. The daylight hour angle method is particularly desirable be-
cause the observation, including all instrumental work, marking of
points upon the ground, etc., i8 accomplished without artificial illu-
mination, and sunset is usually a convenient time to devote to this
field duty.

To recapitulate, the following general program will be found best
adapted to the requirements of 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 solar apparatus:
By hour angle observation on Polaris at sunset.

Azimuth, on line: By the solar transit properly adjusted to the
true meridian.

ALTITUDE OBSERVATION OF THE SUN FOR AZIMUTH.

100. While the methods of observation upon Polaris for azimuth
are unquestionably the most desirable in their relation to the theory
and practice of public-iand surveying, yet a very efficient alternative
is found in direct altitude observations upon the sun for azimuth,
with a number of equations at the disposal of the surveyor to suit his
convenience. During the shorter days of the year and even quite
often at any season the surveyor finds himself at a loss for time and
suitable daylight hours in which to make the required tests of his
solar attachment; conditions obtain making the required tests
impossible if limited to a Polaris meridian in camp, without involv-
ing unreasonable delay. It is in such cases that a direct altitude
observation upon the sun for azimuth, on the actual line of the
survey, finds its most useful application. Presuming the surveyor
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.at work with a standard instrument with solar attachment, the
accuracy of its adjustments can, by this method, be readily tested
at work on line at any suitable morning or afternoon hour, without
appreciable loss of time. Under working conditions any line deter-
mined with the solar attachment may be used for reference pur-
poses, while vertical and horizontal angles are recorded to the sun
to obtain the necessary data for computing the true bearing of the
established solar line. A series of three altitude observations upon
the sun, each with the telescope in direct and reversed positions,
are required to guard against error; these are readily made in 10
-or 12 minutes, while the reductions may be made in'the evening
without loss of time from the line work.

Other difficulties in the nature of temporary disability of the solar
attachment, and cloudy nights preventing Polaris observations,
or other adverse conditions may sometimes obtain, during which
periods, even for a few days, if the sutveyor is familiar with the
method of direct altitude observation upon the sun for meridian,
be can thus establish his lines and possibly realize a saving of the
entire time of his party until the trouble is removed. To the sur-
veyors who have used this method little more needs to be said i inits
favor, but to those unfamiliar with it the suggestion is made to
practice the observationsand reductions until proficiency is attained,
and in its application the reward will come many times during an
average season’s work.

Referring to the description of the standard instrument adopted
by the General Land Office it will be noted that it is equipped with
a full vertical circle, a colored glass shade in’ the dust shutter of
the eye-piece, and a prismatic eye-piece; these are essential to rapid
and accurate altitude observations upon the sun.

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
declination 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 true
bearing of the fixed reference point.
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102. Altitude observation of the sun for azimuth.—Reverse the signs
of ‘3" for south declinations:

Tan } A= \/cos b ({+¢+0)sin § (i+6—9)
cos 3 (§—¢—3d) 8in § ({—¢+9)

The spherical angles ““¢”, “‘¢”’, and “3” appear in this equation
combined as in the formula for the reduction of an altitude observa-
tion of the sun for apparent time, and when it is desired to reduce
for both time and azimuth, the above equation for azimuth is to be
preferred to any that follow.

. 108. Altitude observation of the sun for azimuth.—For south declin-

ations the function ¢‘sin 8’ 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 ¢ A4”
is referred to the north point, but if negative, the azimuth A4’ is
referred to the south point:

Cos A=

sin &

cos ¢ Cos I —tan ¢ tan k

The above equation is very convenient in reducing for azimuth
only.

104. Altitude observation of the sun for azimuth.—To many sur-
veyors the following equation is familiarly expressed directly in
terms of the spherical triangle ““pole-zenith-sun:’’ Reverse the sign
of €8’ for south declinations:

Pole to zenith =90°—¢= colat.;
Pole tosun  =90°—3= codecl.;
Zenith to sun =90°—h = coalt.;
S=} sum of the three sides: ;

sin § sin (S—codecl.)
sin colat. sin coalt.

Cos } A=\

OBSERVING PROGRAM, MORNING,

105. Thoroughly level the transit.

With the telescope in direct position observe and record the hori-
zontal deflection angle from a fixed reference point to the sun’s right
limb, and the vertical angle to the sun’s upper limb; these observa-
tions must be simultaneous, at the epoch of which the sun willappear
ssindicated; note the watch time at the epoch of the observation: -

Reverse the transit.
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Observe and record the horizontal deflection 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, at the
epoch of which the sun will appear as indicated; note the watch

time at the epoch of the observation: —2

The mean observed vertical and horizontal angles, and the mean
watch time are to be used in the reduction; this program constitutes
one complete altitude observation, which is repeated until a series
of three complete direct and reversed observations 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 cbservation, telescope direct, observe the sun’s right and
lower limbs: G-

* Second observation, telescope reversed, observe the sun’s left and
upper limbs: 15

107. By the above observing programs the horizontal and ver-
tical 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 re-
versal and second setting. Differential refraction is therefore prac-
tically eliminated, and 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
program.

The most suitable hour for this observation is when the sun is
moving rapidly in altitude as compared with a Yelatively small
change in azimuth.. When the sun has been brought into about the
proper position in the field of the. telescope the observer by lateral
motion of the horizontal tangent screw 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 epoch of proper tangency of the two limbs
to the two wires the observation is completed by calling ¢‘time’’ and
stopping all motion until the angles arerecorded. It is very helpful

for an assistant to read the time and to enter all records.
55465°—19——8
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108. Example of direct altitude observation of the sun for azi-
muth, sun north declination, and both north and south of an east

and west line:
Final field notes.

Aug. 2, 1909, at the cor. of Tips. 31 and 32 S., Rs. 43 and 44 W,
6th Prin. Mer., Colo., in latitude 37° 17/.5 N., and longitude 102°
18/.6 W., at 7h 30m. a. m., app. t., I set off 37° 17/ 30’/ N., on the lat.
arc; 17° 52/ N., on the decl. arc; and determine a meridian with the
solar, whence I turn 90° to the east and set a flag, about 20 chs.
dist.; then to test this indication of the solar 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 deflection angles from the flag to the sun:

Qe | muoope, | . | wotentme | Vortinl | Hortgitolanel

Ist | Direct...... o 7h 36 54s [ 30° 05’ 0° 08’ 30" to N.

« | Reversed... | 738 15| 20 48 0 3300 ¢«
Bl e Ly o - aane .| 20°56' 307 | 0° 20 45" to N.

2nd | Direct e..... a4 “7b 41m 208 [ 30° 58’ 00”7 | 0° 32’ 00” toS.

« | Reversed... R {7 43 00| 30 46 30 | 0 12 30 ¢« «
Mean..loeeeecnnceccac]eceanceecinae. 30° 52’ 15" | 0° 22" 15" to S.

3rd | Direct...... o- 7h 52m 00 | 33° 05’ 00 | 2° 11’ 00" to .

« | Reversed... | 75 48|32 533 | 150 ««
Mean..|........ s 7h 52m 54s | 32° 59’ 15’ | 2° 00’ 30" toS.

By 1st obsn. flag bears N. 89° 58/ 57/ E.
By 2nd obsn. flag bears N. 89 58 26 E.
By 8rd obsn. flag bears N. 89 58 88 E.

Mean true bearing of flag N. 89° 58 40// E.
Indicated error of solar
attachment ’ 1/ 20”7

Field record.

The declination of the sun for the mean period of the three obser-
vations=17° 517 04’/ N.
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The following reductions are made to obtain the true vertical
angles of the above observations:
1st obsn. 2nd obsn. 3rd obsn.
v =29° 56/ 30"/ 30° 52/ 15"/ 32° 59 15”7
Refraction = —1 40 -1 36 -1 28
Parallax = 4+ 8 + 8 + 8

h =29° 54/ 58/  30° b0/ 47/  32° 57/ 55/

The following examples of reduction are all by the equation:
gin §
Cos A—m —tan ¢ tan h
log cos ¢=9. 900674 log sin §=9. 486493(+) log tan ¢=9. 881708
¢4 cos h=9. 937897 ¢ tan h=9. 759970

9. 838571 9.838571  log 9. 641678

log  9.647922 = nat(—)  .43821
nat (4) .44455
(—) .43821

cos A=(+) .00634
A=True bearing of sun =N. 89° 38’ 12/ E.
Angle from sun to flag = =(4)0 20 45

True bearing of flag =N. 89° 58/ 57”7 E.

log cos ¢=9. 900674 log sin §=9. 486493(+) log tan $=9. 881708
¢ cos h=9.933763 ““ tan h=9.776132

9. 834437 9. 834437 log 9. 657840

log 9.652056 nat(-) .45482
nat(-+). 44880 (+) .44880

cos A=(—) .00602
A=True bearing of sun =S. 89° 39/ 19/ E.
Angle from sun to flag =(+)0 22 15

True bearing of flag =S. 90° 01’ 34/ E.
=N. 89° 58 26’/ E.
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© log cos ¢=19. 900674 log sin 5=9. 486493(-+) log tan ¢=9. 881708

‘“ cos h=9.923762 ¢ tan h=9.811941
9.824436 - 9. 824436 log 9. 693649

log 9. 662057 nat (—) .49391

nat (+) . 45926 () .45926

cos A=(—) .03465
A=True bearing of sun =S. 88° 00/ 52”/ E.
Angle from sun to flag =(4)2 00 30

True bearing of flag =S. 90° 0V 22”7 E.
=N. 89° 58’ 38/ E.

The particular convenience of the above equation is noted in the
fact that the functions ‘‘cos ¢”’, ‘“tan ¢”’, and *‘sin " are constant
throughout the entire reduction, the function ‘“A” being the only
variable.

109. The third of the above series is selected for an example of
reduction by the equation:

Cos } A= sin S sin (S —codecl.)

. sin colat. sin coalt.
90°—¢=90°—37° 17/ 30”7 = =52° 42/ 30//=colat.
90° — §=00°—17° 517 04”/(+)=72 08 56 =codecl.
90° — h=90°—32° 57/ 55"/ =57 02 05 =coalt.

2 §=181° 53/ 31/

S= 90° 567 45"/
codecl.=90°—8= 72 08 56

S—codecl.= 18° 47/ 49/

log sin § = 9. 999941
¢¢ gin (S —codecl.)= 9. 508146
¢ gin colat. =9. 900674 9. 508087
‘¢ gin coalt. =9, 923762

9. 824436 9. 824436

‘“ cos?3A o 9. 683651

‘“ cos 34 = 9, 841825
34 = 45° 59 357/

A=True bearing of sun =N. 91° 59/ 10”” E.
Angle from sun to flag =(—)2 00 30

True bearing of flag =N. 89° 58’ 40"/ E.
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The above equation is as good as any for the reduction of one obser-
vation, but the reduction becomes' laborious for a series of three
observations.

110. The third of the above series is also selected for an example
of reduction by the equation:

4 A= [Co8 3 C+o+d)sin } (F+o—8)
ot \/cos 3 (§—9¢—38) sin (Y —¢-+9)
h= 32° 57/ 55

= b57% 027,05/ ¢=57° 02/ 05"/
¢= 37 17 30 =37 17 30
o= 94° 1Y 35 t—¢=19° 44/ 35"/
5= 17 51 04 (+) 5=17 51 04 (+) .
¢+o+6=112° 10/ 39/ $—¢+8=37° 85/ 39"
1 +¢1-8)= 562 05 20 (e —+6)=18° 47 50/
o= 94° 19 35"/ t—p=19° 44/ 35”7
6= 17 51 04 (+) 5=17 51 04 (+)
¢4-¢p—5= T6° 28’ 31/ F—¢—8= 1° 53/ 31"
3 +o—38)= 38°147 15" 3(t—¢p—5)= 0° 56’ 45
log cos 3(¢+¢+6)= 9. 746561
“ gin J(¢+p—8)= 9.791636
9. 538197

“ cos J(¢—p—35)=9. 999941
¢ gin J(¢—¢+8)=9. 508152

9. 508093 9. 508093

log tan 234=  0.030104
“ tan 34=  0.015052
JA=  45° 59 347
A=True bearing of sun =N. 91° 59 08’/ E.
Angle from sun to flag=(—)2 00 30

True bearing of flag =N. 89° 58’ 38”7 E.
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111. The above equation is as good as any for the reduction of one
observation, but the reduction becomes laborious for a series of three
observations. However, the advantage in using the above equation
is found when it becomes desirable to reduce the observations for
both time and azimuth.

Let it be required to reduce the third observation of the above
series for time, making the reduction by the following equation:

_ [ 3G Fe=0) sin JE—6+0)
Eve 4 t_\/cos H+e+90) cos J({—¢—93)

log sin 3(¢+¢—08)= 9. 791636
“ gin (¢ —¢+0)= 9. 508152
9. 299788

¢ cos }(r+o-+35)=9. 746561
‘¢ cos 3(¢—¢p—5)=9. 999941

9. 746502 9. 746502

@ {aneqt = 9. 553286
“ tan 3¢ = - 9.776643
it 22300 52/ 84K 1 Smiraaa
t =61°45/ 08//=4" 7= 01*
Apparent time of observation = =72 52™ 59 a. m.
Equation of time = 46 05
Local mean time of observation=7" 59 04° a. m.
‘Watch time of observation =7 52 b4
Watch slow of 1. m. t. = ¢mTps

112. Example of direct altitude observation of the sun for azimuth,
sun south declination:

Final field notes.

March 18, 1910, at a transit point in Washington, D. C., in latitude
38° 53/ 40/ N., and longitude 77°017.6 W., at 3% 42= p. m., app. t., I
make a series of three altitude observations upon the sun for azimuth,
each with the telescope in direct and reversed positions, observing
opposite limbs of the sun, and reading the horizontal deflection
angle from a flag pole about 20 chs. to the S., SW. to the sun:
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f v
| mooe | o | Yok | it | ool s
i I Direct...-... a. 3h 56m 58: | 25°20’ 65000 toSW.
“ ...| Reversed.... -+ | 858 48 | 25 31 6445 v
i e 3b 57m 53s | 25° 25 30’* | 64° 52/ 30" ¢ ¢
2nd....| Direct....... q- 4hOlm 485 | 24°28' ABRAB! . 1/ gt ¢
« .| Reversed.... +5| 403 102 @ 65 36 ¢«
: T g R 20 e ol T 24° 36/ 00'" | 65° 46 00" ¢ ¢
3rd... .| Direct....... (ol 4h 05m 58s | 23° 44 Azt N
“ ...| Reversed.... ~5 | 407 30 | 2857 66 26 ik <t
Mean.i ........................ 23° 50' 30" | 66° 35" 007" ¢ ¢¢

By 1st obsn. flag bears S. 1° 007 02/ W.
ol Bt v
c8 ard e e R R S (R 905 SOF Wi

Mean true bearing of flag=S. 1° 00" 04" W.

Field record.

The declination of the sun for the mean period of the three obser-
vations=1° 02/ 16" S. ¥
The following reductions are made to obtain the true vertical
angles of the above observations:
1st obsn. 2nd obsn. 3rd obsn.
v==25° 25’ 30"/ 24° 36’ 00~ 23° 50/ 30/
Refraction= —2 00 -2 06 ‘—2 10
Parallax= 4 08 +. 08 + 08

h=25° 23/ 38”7 24° 34’ 027 23° 48’ 28”7
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113. The first of the above series is selected for an example of
‘reduction by the equation:

€ Tan §A=_\/(c305 3($-+o¢+8) sin 3(E+o—9)

o8 J(f—¢—2) sin 3({ —¢0)
h=25° 23/ 38/

£= 64° 36/ 227 £=64° 36/ 227
é= 38 53 40 $=38 53 40
t+¢=103° 30/ 02” ¢ —p=25° 427 42
T = 102 16 (=) ° d=1 02 16 (=)
t+d+ =102° 27 46”7 §—p+5=24° 40/ 26"
3(¢+o+8)= 51° 137 537 3(s —o-+8)=12° 20/ 13"
¢+¢=103° 30/ 02" t—6=25° 42/ 427
3= 1 02 16 (—) s=1 02 16 (=)
t+o—8 =104° 327 187 F—¢—5=26° 44/ 58"
3(+o—0)= 52° 167 09” 3(E—$—8)=13° 22 297/
log cos 3(¢+¢+8)= 9.796697
¢ gin }(¢+p—0)= 9.898118
9.694815

“ cos 3(¢—¢—8)=9.988058
¢ gin 3(¢—op+8)=9.329724

9.317782 9.317782

logtan? 3 4 = 0.377033
«“fan P AT = 0.188516
3 A = 57°03 447

A=True bearing of sun=N. 114° 07/ 28/ W.
Angle from sun to flag=(+)64 52 30

True bearing of flag=N. 178° 59/ 58”7 W.
=8.. 1°00702” W.
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114. Let it also be required to reduce the first observation of the
above series for time, making the reduction by the following equa-
tion:

_ SRIGEé—d) siniG—6+)
Tan 3 b=/ cos §(r-FoF5) cos 3E—b—0)

log sin }(+¢—8)= 9.898118
¢ sin (¢ —op+08)= 9.329724
9.227842

“ cos¥(t+oto)=  9.796697
“ cos J(t—¢—8)=9.988058

9.784755  9.784755

log tan 2 § i= 9. 443087

“ tan §t= 9.721544

1 ZOTWRPRITN | e

t==55° 32/ 58//=3h 42m 128

Apparent time of obsn. =38 42= 128 p. m.

Equation of time = 48 17
Local mean time of obsn.=3" 50® 29 p, m.
Watch time of obsn. =3 57 53
Watch fast of 1. -m. t. = 7m24s

75th meridian time of comparison with a Western :
Union telegraph clock =4 30= 00° p. m,
Correction for longitude = —08 06
'L.M.T.of comparison =4 21 54
Watch time of comparison=4 29 20
Watch fast of 1. m. t meh 7200

115. The second observation of the above series is selected for an
example of reduction by the equation:

sin §

Cos A=——————tan ¢ tan k
cos ¢ cos h
log cos $=9,891149 log sin §==8.257958 (—) log tan ¢=9.906733
¢ cos h=9.958790 ‘¢ tan h =9. 660053
9.849939 9. 849939 log 9. 566786
log 8.408019' nat (—) .36880
nat (—) .02559 (=) 1.02559

cos A=(—) . 39439
A=True bearing of sun =S. 66° 467 20"/ W.
Angle from sun to flag=(—)65 46 00

True bearing of flag- =S. 1° 00/ 20~ W.
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116. The third observation of the above series is selected for an
example of reduction by the equation:

__ /sin 8 sin (S—codecl.)
Odu ol sin colat. sin coalt.

90° —$=90°—38° 53’ 40”7 = 51° 06’ 20”/=colat.
90°—86=90°— 1 02 16 (—)= 91 02 16 =codecl.
90°—h=90°—23 48 28 = 66 - 11 32 =coalt.

2 8=208° 20’ 08"/

S=104° 10’ 04”7
codecl. =90°—6= 91 02 16

S—codecl.= 13° 077 48”7

log sin § = 9. 986585
¢ gin (§—codecl.) = 9. 356334
9. 342919
¢ sin colat. =9. 891149
¢ sin coalt. =9. 961376
9.852525 9.852525
log cos?} A = 9. 490394
“cos } A= 9. 745197
3 A= 562.12” 85/
A=True bearing of sun = N.112° 25/ 10”7 W.
Angle from sun to flag= () 66 35 00

N.179° 00V 10”7 W.

True bearing of flag
S. 0° 59/ 50”7 W.

[

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 surveyor 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 neces- -
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sary 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. ‘

““ds”: Change in declination of the sun from the a. m. to the p. m.
observation, expressed in minutes of angular measure.

““(t,+t,)”: 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.

3ds
= cos ¢psing (¢, +-1,)

The symmetry of the equal altitude observation is maintained
by observing opposite limbs in azimuth in the a. m. and p. m.
observations, in connection with the same limb in vertical angle
in both observations.

With ““4ds” and “‘§(t,+t;)” calculated, the computation can be
concluded by applying to ‘‘}ds” the declination coefficient obtained
by entering Table 22 of the Standard Field Tables, which gives
coefficients for computing errors in azimuth due to small errors in
declination, arguments: “¢” and ‘‘}(¢,-+t,)."’

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
surveyor 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.

dAs

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.
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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 epoch of the observation: G-

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
of course made in the inverse order. !

Consider each equal altitude observation separately and subtract
the lesser horizontal angle from the greater and divide by two.

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.

Compute the differential 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. observations, and apply this angle to the mean
of the half-differences as stated above; the differential azimuth cor-
rection is to be applied to the east when the hourly change in the
sun’s declination is northerly or to the west when the hourly change
in the sun’s declination is southerly; the computed resultant angle
indicates the bearing of the reference point referred to the true
meridian.

The correct apparent times of the observations do not need to be
known, as the function ‘“‘}(¢,+%,) " equals one-half the time in hours
and minutes, by the surveyor’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 ““3d 8’ and ‘“}(¢,-+¢,)” are to be computed
for the period from the p. m. to the a. m. observation; and the differ-
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ential azimuth correction, ‘“d 45", is then applied in the opposite
direction. iy )
120. Example of equal altitude observation of the sun for azimuth:

Final field notes.

May 3, 1913, at a transit point in Washington, D. C., in latitude 38°
53/ 40/ N., and longitude 77° 1.6 W., at 9227™ a. m. and 2833% p.m.,
app. t., I make a series of three equal altitude observations upon the
sun for azimuth, reading the horizontal deflection angle from a flag-
pole about 20 chs. to the S., SE. in the a. m. to the sun’s right limb,
and SW. in the p. m. to the sun’s left limb; equal vertical angles
being taken to the sun’s lower limb.

’ Watch Vertical Horizontal angle fla;
Observation. Sun. time, angle. . to sun. .
18ta. SN I R Or” Qh29m25s | 48°28700"" | 67°2000" to SE.
ST by Jines Pl 24140 65 2830 to SW.
1°51/30"" (Dift.)
—————
Al gni Sl T ¥ s aq- ohgoms0s | 49°0500"" |-66°29/30"" to SE*
adimdm ks v § P | 2315 64 3800 to SW.
Sum of hour angles. .. |-ccceceeeen. 5hQ5m25s
Mean hour angle......lceecccaceces 2h32m42s 1°51'30"" (Difl.)
L
3da. micadrt . i3 9 - 9b36ma0s | 49°43'00 | 65°34/30 to SE.
1TV S TR PR L o P 2ss4s 63 4530 to SW.
. : 1°4900" (Diff.)

One-half differences, or bearing angles from uncorrected south
point to flag: .
By 1st obsn.=S. 0° 55" 45"/ W.

“od " =8.0 55 45 W,
gd L = 0 54 SETW

) Mean =8.0° 55 20"/ W,
Differential azimuth correction=(+) 3/ 53"

Mean true bearing of flag =f. 0° 59/ 13/ W.
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Field record.
The hourly change in the sun’s declination=447.3 N.

N

Transit point

Hor. ang. a. m.=A4 a. m.+r=A+zx
Hor. ang. p. m.=4 p. m.—z=A442dAs—~2
Hor. ang. a. m. —Hor. ang. p. m.=2z—2dA4;

. ang. a. m.—hor. ang. p. m.
x=Horangam2 ora,ngpmjldAi5

The following computation is made to obtain the differential
azimuth correction for the above series:
3 do=1X5.08X44.3=112"; log 3ds=2.049218
¢=38° 53’ 40’ N.; log cos ¢ =9.891149
3 (t,+1t,)=2" 32m 42¢
=38° 10/ 30"/
log sin 3(t,+16) =9.791034

9.682183  9.682183

log d A5=2.367035

d As=Differential azimuth correction= 233"
=3/ 53//
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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:

3(ti+4), or hours from noon.
Latitude.
2h 2h 33m 3n

35° 00’ 2.4 2.056 173

38 54 2.16

40 00 2.61 2.19 1.85
Declination coefficient =2416
d A5=2.16 X} d56=2.16X112"/ =2400%

d As=differential azimuth correction=4/ 02’/

The small difference (09”/) in the computation of ‘“d As” 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 is
uncertain, and the slight error in using the declination coefficient
taken by linear interpolation from Table 22 is small enough to be
negligible.

122. The second 2. m. and p. m. observatmns of the abcve series
are selected for an example of reduction to the sun’s center and
direct computation of the sun’s azimuth, and true bearing of the

flag, by the equation: X
sin &

Cos A=m;fan ¢ tan h
Vertical angle to sun’s lower limb=49° 05" 00"/
Reduction to sun’s center =+ 15 54/
Refraction =— 497
Parallax =4 06"/

Sun’s center, k& =49° 20’ 11”7
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Declination of the sun at Greenwich apparent noon =15° 34/ 37/ N.
- Diff. in time to a. m. obsn.:

For longitude = 5%08™

For time, a. m. =—2 33

2.58 e i 1
Diff. in declination to app. t. of a. m. obsn.:

2.58 X447/ 3=114"/ = 1/ 54”7 N.
Sun’s decl. a. m. obsn. =='15° 86/ 317/ N.
Diff.to p.m.obsn.,already computed(2><112” =224")= 3/ 44”7 N.
Sun’s decl. p. m. obsn. =15° 40/ 15"/ N.

a. m. obsn. P. m. obsn.

log cos ¢=9. 891149 log sin 8=9.429856(+) logsin §=9. 431541(+)
¢ cos h=9.813992

9. 705141 9. 705141 9. 705141
“tan ¢ ' =9.906733 ' log 9.724715 log 9. 726400
“tanh =0.065991 nat(+4) 53054 nat (4) . 53260
“log 9.972724 : ‘
nat (—) .93913 (=) .93913 (—) .93913
cosd = (=) .40859 (=) .40653
A=true bearing of sun =S. 65° 53 02/ E. = 5. 66° 00 477 W.
Horizontal angle from
flag to sun’s right and
left limbs = _66° 29 30” to SE. 64° 38" 00’/ to SW.
Reduction to sun’s cen-
Rl (+) 247247 ()24 247
ferasi L __ = (+) 24’ 24 + 4
cos 49° 2¢/ —_— ——

Hor. ang. tosun’s center = 66° 53/ 54/ to SE. 65° 02 24/ to SW.
Sun’s azimuth as com-
puted above =8.65°53/ 02/ E. S.66°00 477'W.

True bearing of flag =8. 1°00 527 W. 8. 0°58 23 W.
Mean true bearing of flag =S. 0° 59/ 37/ W.

“The discrepahcy between the a. m. and p. m. results suggests a
systematic instrumental error ordinarily eliminated by taking direct
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and reversed observations, which in thisinstance is of opposite effect
in a. m. and p. m. hours and apparently eliminated in the mean
result.
123. One additional fact should be noted relative to the several
reductions of the above equal altitude observations:
By above direct computation, 4 p. m. =66° 00/ 477/
A a.m. =65° 53 02"/

Difference=2dA4;s = 7/ 4577
dAs = 34658

This value for d4s (8’ 53//) agrees with same function as first
computed.

124, Upon concluding the subject of azimuth determinations it
will be of interest to note that the weighted mean of a large number
of observations gives a value of S. 0° 59/ 25"/ W. for the azimuth of
the line from the Washington, D. C., transit point to the flag pole here-
tofore described. A comparison of the methods and results of the va-
rious observations as given on the preceding pages suggests that the
surveyor should seldom be without means by which accurately to
determine time, latitude and azimuth at any place in the field,
however remote, and should doubt arise as to his results a ““check”
by independent method is nearly always available and a certain
guide as to the accuracy of the determinations. It might be added
that a careful surveyor will not fail to surround his methods with
adequate verification toinsure the accuracy required in the execution
of the public-land surveys.

THE TRUE PARALLEL OF LATITUDE.

125. The base lines and standard parallels of the rectangulat
system are established on the true parallel of latittide; 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 aparton
the same parallel of latitude may be said to define the direction of
the curve at either point, without appreciable error, but the projec-
tion of a line so defined in either direction, easterly or westerly,

55465 °—19—-—-;—9
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would describe a great circle of the earth gradually departing south-
erly 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 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 tan-
gency. 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 instru-
ment, in good adjustment, is employed, the true meridian may be
determined by observation with the solar at each transit point. A
turn of 90° 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 established 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 pre-
vious station. However, during a period each day the solar is not
available, and during this time, also whenever the sun may be
obscured by clouds, or on account of a disturbance of the adjust-
ments of the solar attachment, 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
beginning, from which a horizontal deflection angle of 90° is turned
to the east or west, as may be required, and the projection of the line
thus determined is called the tangent. The tgngent is projected 6
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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 25° to 70° N., for the
end of each mile from 1to 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.

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 25° to 70° N., for each half mile from } to 6 miles.

The accompanying diagram illustrates the establishment of a
standard parallel in latitude 45° 34/.5 N., by the tangent method.
(SeeFig.14.) Theform ofrecord isshownin the specimen field notes.

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 liffes. 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; atthe 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.
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Fig.15
il mmw
e EAST ..wa__o_.
N.89%9.1E 33 260 3 sa9 g
120 /60 200 Secant 280 :
8 73 Ta 14 400 %80

_ Chains distant on the secant.
N.89573E, N.83%62E. True Parallel 5.89°58.2. S.89°57.3¢€.
Azimuths of EAST the secant.
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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, Standaid 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
to the true S. point for the last 3 miles, tabulated for any degree of
latitude from 25° to 70° 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 25° to 70° N., for each half mile from 0 to 6 miles.

The accompanying diagram illustrates the establishment of a
standard parallel in latitude 45° 34/:5. N. by the secant method.
(SeeFig.15.) The formofrecord isshown in thespecimen field notes.

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.

CONVERGENCY 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:

“my\”’: Measurement along the parallel.

“mg”: Measurement along the meridian.

“q”: Equatorial radius of the earth=3963.3 miles.
¢“eg”:  TFactor of eccentricity, log e=8.915 2515.
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“‘dmy”: Linear amount of the convergency on the parallel, of two
meridians distance apart ‘““my,’’ and length “me’’ along
the meridian: ‘“‘dmy\”, “my\”, ‘“mg” and ‘‘a’ to be

expressed in the same linear unit:

4dm)‘— )\'m‘l’

tan ¢4/I—e? sin? ¢

Example of computation of the convergency of two meridians 24
miles long and 24 miles apart in a mean latitude of 43° 20/:

nat 1 = 1. 0000000
log e =8.915 2515
848 =8.915 2515
¢ 5in'43° 20/ - =9.836 477
G K8 K6 =0, 836 47T
“ gsin?¢  =7.503 457 :
R IR = 0. 0031875
0 (1—e2sin?g) = 0. 9968125
Lo arenn s 9.998 614

¢ JT=e sin® ¢ =9.999 307
. tan 43° 20/ =9, 974 720

S ify =1.380 211 :
Merdeff =1.380 211

o .80% =1. 903 090

‘¢ product =4. 637 539

¢ 3963. 3 =3. 598 057

0 dmy =1.'039 482

Hat™ 214 10.9517 = chs.

The convergency, measured on the parallel, of two meridians 24
miles apart and 24 miles long, in amean latitude of 43° 2/, 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.

" *This factor is intrcduced here for the purpose of conversion from the unit ex-
pressed in miles to the unit expressed in chains,
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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 25° to 70° 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 devia-
tion in azimuth of the tangent from the parallel at 6 miles; and 1¢,
14, 34, 24, and 5/ 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.

In the same table are given the differences of longitude for 6 miles
in both angular and time measure, also the differences of latitude,
for1 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
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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 25° to 70° 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.

133. The first part of Table 2, Standard Field Tables, has been
arranged for the reference of the latitude of any point within a town-
ship 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
township may readily be obtained by applying the difference given
in the table for the known distance north.
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CHAPTER IIL
SYSTEM OF RECTANGULAR SURVEYS.

. GENERAL SCHEME.

184. In the preceding chapters there has been outlined the sys-
tem of nomenclature and procedure relating, in general terms, to the
survey of the public domain. It is confidently assumed that the
United States surveyor has become impressed with the prpose of
his task and the stability and dignity which should be attached to a
work so great and important, commensurate with its broad founda-
tion in law and science.

For the purpose of disposal of the public domain the law provides,
in general terms, for its description, subdivision and identification
in conformity with the following general scheme:

1st. The township, 6 miles square, containing 36 sections, each 1
mile square.

2d. The numbering of the townships meridionally into a range and
latitudinally into a tier, from which the necessity at once appears
for the selectiont of independent initial points, each to serve as an
origin for the extension of surveyssynchronously needed in somewhat
widely separated localities, to provide for which, principal or gov-
erning meridians and’base lines have been established, to which
might be related the surveys executed in each of such localities.

3d. The establishment of guide meridians and correction lines or
standard parallels at intervals sufficiently near each other to main-
tain a practical workable adherence to the legal «definition of the
primary unit, the township 6 miles square, and at the same time to
reduce to a minimum the number of corners required.

4th. The placing of fractional sections on the north and west bound-
aries of the township,

5th. 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.

6th. Theinflexible declaration of the integrity of the corners marked
in the public surveys as the proper legal corners of the sections
or of the subdivisions of the sections which they were intended to

131
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designate, together with the equally important provisions (a) that
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; (b) that the length of such lines as returned
by the surveyors shall be held as the true length thereof; and (c)
that the sections shall be subdivided by running straight lines
from the established quarter-section corners to the opposite estab-
lished quarter-section corners.

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 38 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 fractional townships, the sections will
bear the same numbers they would have had if the townships were
full, that is to say the section numbers should be employed which
are the proper section numbers relating to the sides which are the
governing boundaries, leaving any deficiency to fall on the opposite
sides.

136. The specimen field notes will serve to illustrate the method
of running lines to form quadrangles 24 miles square; the method
of running the exterior lines of townships; and the method of sub-
dividing regular townships. The methods here presented are
designed to insure a full compliance with every practicable require-
ment, meaning and intent of the surveying laws.

137. By the terms of the original law and by general practice
section lines are surveyed from south to north and from east to west,
in order uniformly to place excess or deficiency of measurement on
the north and west sides of the townships. For convenience the
exterior lines on which subdivisions are based are called the govern-
ing boundaries. In unusual cases the north and west boundaries
may be employed to govern the subdivision of a township, and in
extreme cases an irregular township may be without even a single
governing boundary.

INITIAL POINTS.

138. Initial points from-which the lines of the public surveys are
to be extended will be established whenever necessary, under such
special instructions as may be prescribed in each case by the Com-
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missioner of the General Land Office. The initial points are to be
selected with a view to their control of extensive agricultural areas
within reasonable geographical limitations. Upon the establish-
ment of an initial point, the position of the pointin latitude and longi-
tude is to be determined by accurate field astronomical methods.
During the period since the organization of the system of rectan-
gular 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
examining the large wall map of the United States published by the
General Land Office; 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 obtainable information, but in some cases the
values shown are only approximately correct owing to the fact that
many of the initial points were fixed in position and the surveys
therefrom largely completed before the same importance was at-
tached to the matter of accurate latitudes and longitudes as at the
present time. It may also be noted, by way of explanation, that
present-day facilities for accurate field astronomical determinations
were not available to the early surveyors. It is not expected that
the values of the latitudes given in the table will be used as the
basis of the calculation of the latitude of an unknown station, in lieuw
of a field determination thereof, except as an approximate value
may satisfy all requirements. The codrdinates of the earliest sur-
veys in Ohio can not be conveniently tabulated, but they are shown
upon the maps as stated above. 1

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 inter-
vals of 40 chains, and regular township corners at intervals of 480
chains; meander corners will be established at the intersection of
the line with all meanderable bodies of water.

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
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MERIDIANS AND BASE LINES OF THE UNITED STATES RECTANGULAR

SURVEYS.
Ifongitt_lde] Laitli)tude
" Governing surveys (wholly or | % Principalj —ofLbase
Meridians. ; meridians lines
in part)in States ok west from | north from
Greenwich. | Equator.
| ° PO ° ’ rr
Black Hills..... 03 00| 44 00 00
Ses, AL 24 15| 43 22 31
Chickasaw. 15 00| 34 59 00
i 0 00| 35 30 00
imarron. ..
Soppe L0 balda
irbanks.... 3
Fifth Principal .......... Arkansas, Towa, Minnesota, | 01 03 42| 34 44 00
Missouri, North Dakota,
¢ and South Dakota.
First Principal.......... Ohiogaauivod 3t -addasiassds 84 48 50 41 00 00
Fourth Principal 2] Mlinois.. 31 70 R 00 By o AN FSS 90 28 45| 40 00 30
Do 4. 0. § .| Minnesota and Wisconsin..... 90 28 45} 42 30 00
Gila and Salt River. Arizona. ¥ . s s e e 112 17 25{ 33 22 40
Humboldt..... CaMlormia’7 31t 00s s JOaee s 124 08 00| 40 25 12
Huntsville. Alabamayl : . cvssiadt - Jipdocke o 8 34 45| 35 00 00
Indian.... Oklahoma . sL23 0L S8 T v, 97 14 30 34 30 00
Louisiana Touisiana. [0, L LLINW 0, 92 24 15| 31 00 00
Michigan. .. Mchigam: " -0 e e g 84 22 241 42 26 30
Mount Diablo California and Nevada........ 121 54 481 37 51 30
Navajo......... 5. ..} Arizona and New Mexico.....| 108 32 45| 35 45 00
New Mexico Principal. ..| Colorado and New Mexico....| 106 53 40| 34 15 25
Principal .......... 38 50| 45 46 48
e RS
an Bernardino 1 34
Second Principal . 86 28 00| 38 28 20
Seward......... STATGSEN Jit L. L0t ALLS 149 21 53| 60 07 26
Sixth Principal .......... Colorado, Kansas, Nebraska, | 97 23 00| 40 00 00
South Dakota, and Wyo-
ming.
St Helena...;uaic.iini.. Louisianga.......coccceimuinan 91 09 15| 31 00 00
St. Stephens. . Alabama and Mississippi...... 8 02 00| 31 00 00
Tallahassee. . . Hlorifla. .. 10n. .o DR DL 84 16 42| 30 28 00
Third Principal. 1T R AR e i) 89 10 15| 38 28 20
Utntah ........ gtlah.a. ....................... 183 gg gg ;g ?)g 428
| SRe O 3 T AR e
‘Washington. Mississippiee.ceecaecenieaanaen 91 09 15| 31 00 00
‘Willamette... Oregon and Washington...... 122 44 20| 45 31 00
‘Wind River...... o BIN Wyoming....coeeeveiiniann.. 108 48 40| 43 01 20
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be employed, unless subdivisional closings thereon are provided in
the same assignment with the standard line, in which case the clos-
ings will furnish a satisfactory verification of the length of the lines
thus surveyed. Where such closings are not to be made during the
progress of the same survey, the proper supervising officer will pro-
vide suitable instructions for the employment of a second set of
chainmen, or for the duplication of the measurement by the one set
of chainmen. In either case, where two independent sets of measure-
ments are employed, the distance to the mean point, and the differ-
ence between the measurements to each corner established, will be
shown in the field notes; a form of record is given in the specimen
field notes.

142. Should the difference between the two sets of measurements
of any standard line, as above provided, exceed 20 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 line only being shown. Every reasonable effort will be
exercised to insure the accuracy of both the alinement and the meas-
urement 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 LINF.

148. From the initial monument the base line will be extended
east and west on a true parallel of latitude; upon the.true line stand-
ard quarter-section and section corners will be established alter-
nately at intervals of 40 chains, and standard township corners at
intervals of 480 chains; meander corners will be established at the
intersection of the line with all meanderable bodies of water.

The manner of making the measurement of the base line and the
accuracy of both the alinement and measurement will be the same
ag required in the survey of the principal meridian. Any one of the
methods heretofore set forth 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.
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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.

Fig.l6.
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Illustrating the survey of quadrangles each embracing 16 townships bounded
by standard lines, and showing the codrdinate system of numbering the townships

145. Where standard parallels have been placed at intervals
of 30 or 36 miles, under practice then permissible, and present con-
ditions require additional standard lines from which to initiate new,
or upon which to close the extension of old surveys, an intermediate
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correction line should be. established to which a local name may be
given, e. g., ‘‘Fifth Auxiliary Standard Parallel North,”” or ‘‘Cedar
Creek Correction Line,’’ etc., and the same will be run, inall respects,
like a regular standard parallel

GUIDE MERIDIANS.

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 ﬂetemﬁ;ne‘
the exact alinement 'of the line closed upon, and the’ distance will
be measured and recorded to the mearest corner’on said standatd
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 iptersection a closing townslnp
corner will be established.

148. Where guide meridians have been placed at 1nterva,ls 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 centrol new sur-
veys, a new guide meridian will be established, and a local’ nameé
may be a.ssigned tothe 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. X

'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 milés apart.
One exception may now be noted Whlch will be found to depart

5465"——19-——10 .
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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 relaﬁopa,qf 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 éstablished exteriors can not 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 can not 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, hereinafter described, will be employed as expedient. A
new meridional township exterior is normally the governing bound-
ary.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. subdiyisional surveys there-
after to be executed.

-~151. Whenever practicable-the township, exteriors will be sur-
veyed successively through a quadrangle in ranges of townships,
beginningwith the townships 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 at 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 line if ideal conditions are
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Fig.I7.
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Fig.22.
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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
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 it§‘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.

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 measurements.

154. The field notes will embrace a full and complete record of
the manner in which the township exteriors are run and established.
The notes will show how the alinement of the random latitudinal
curve was determined, the direction of the projection, the amount
of the falling north or south of the objective township corner, and the
calculated return course or true line.
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IRREGULAR ORDER AND PARTIAL SURVEYS.

155. As the remaining unsurveyed public lands'are found to con-
tain less and less extensive areas surveyable under the law it becomes
necessary to depart from the ideal procedure in order more directly
to reach the areas authorized for survey. The many possible com-
binations 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 departure 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.

In authorizing surveys to be executed it will not usually be pro-
vided that exteriors are to be carried forward until the township is
to be subdivided; thus where causes operate to prevent the establish-
ment of the boundaries in full it is.not imperative that the survey of
the exterior lines 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-eardinal 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. 4

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 true
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 147 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
township corner; but where both meridional boundaries have been
previously surveyed a closing township corner will be established
at the point of intersection of the random latitudinal line with the
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meridional boundary, or its projection to the north orsouth as the
case may be. 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 meridi-

Fig.29.
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Tlustrating the adjustment in the direction of the meridional lines'of a subdivie
sional survey on account of convergency of meridians, also the 14’ limit of the
rectangular “safety.zone.” %00

onal subdivisional 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 subdivi-
sional survey calls for a governing east boundary whose bearing will
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all: within certaim extremes'suited to the latitnde of the township,
s for: exa.mple (see ‘second part of Table 2, Standard Field Tables)::

Y 5 IR

Latztua’e .‘25° N

st Mi. Mer. Subdv N. 0° 14 E._5th Mi. Mer. Subdv. N. 0° 14/ W.
Jorr. for Conv. +00 Corr. for Conv. —02

3. bdy. piay be ., N.0°14'E. E.bdy. maybe: N.0°12 W.
7 [ Latitude 70° V.

stMl Mer. Subdv N.-0° 14’ E. 5th Mi. Mer. Subdv. N. 0° 14/ W.
Jore. for Conv. ! +02 Corr. tor Conv. —10

. bdy. may be, = N.0°16' E. E.bdy.maybe  N.0° 04 W.

It will be noted that theabove text in reference to the 14/ limit for
Xteriors applies only to the establishment of new boundaries.
\ previously established boundary every part of which is withip 21/ |
f cardinal will not be considered defectivein alinement. Even in~
he case of new exteriors, where the'surveyor who establishes such
ine is also to subdivide the township of which such exterior isa
overning boundary, the margin of 14’ may be exceeded to a limited
xtent if the surveyor i3 satisfied that existing conditions favor keep-
ng within the 217 limit in the subdivisional survey. Thus itwill be
een that the purpose of the 14/ limit is merely to facilitate the estab-
Lshment of -all subdivisional lines within the prescribed definite
imit of 21” from cardinal.

1157; Another general exception may be noted where uncertainty
xists ‘as t0 how unsurveyed éxteriors and subdivisional lines will
lose upon the newly established boundaries, in which case the cor-
ers”thereon may be markéd only for the townships 6f which the
lew exteriors cortrol the subdivisions. :

COMPLETION OF PARTIALLY SURVEYED EXTERIORS.

158.. Where the end portlons of a townslnp exterior have been
arew.ously surveyed .and closed upon; the fractional unsurveyed
niddle part will be completed by random and true'liné, withott
)\ffset. regardless of the deviation from cardinal; the fractional meas-
trements will be placed as a general rule in the north and west
1a1f miles, thereby permitting the subdivisional lines to be extended
s usual from the south to the north and from; the east to the west.
n 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 ywill be  corrected-to a
true line where the -calculated bearing of any subdivisional ling,
governed by such exterior, comes within 14/ from cardinal, and the
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fractional measurement ‘will be placed generally in’the north' or
west ‘half ‘miles. However, should irregularity be developed, ‘or
in the absence of a previously established ‘objective township corner;
the partially surveyed 'exteriors’ will 'be '‘completed “on cardinal
courses beginning as above; and in either case the fractional meas:
urements will generally be placed in the north and west half mlles.
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RETRACEMENTS 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 proper
supervising officer 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
surveyor will be authorized and required, as a condition precedent
to beginning the subdivisional survey of such township, to retrace
such boundaries in order to determine the true alinement and lengths
of the lines, to rebuild any corners found to be in a poor condition,
and otherwise to accomplish the following purposes:

(a) To locate all material errors; (b) to test every line as to what
alterations may be required, and (¢) to determine all data necessary
for the computation of the areas of all fractional lots.

160. All data obtained in the retracements will be embodied in
the field notes and shown upon the plat of the survey, unless the
retracement results are in substantial agreement with the record of
the original survey, in which casé a general statement to that effect
may be made in the field notes, and the original record may be per-
mitted to 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
subdivision. 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 con-
taining 40 acres plus or minus certain definite differences to be
determined in the survey; all as contemplated by law. ‘The afore-
mentioned aliquot parts of 640 acres may. be termed ‘‘regular or legal
subdivisionsof a section,”” as a quarter section, a half-quarter section,
ora quarter-quarter section, the legal minimum of which, for purposes
of disposal under the general land laws, is 40 acres.

-162. In the administration of the surveying laws it has been
necessary to establish a definite relation between rectangularity
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(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 t6 exceed 21’ from cardinal in any part;
(b) for measurement, the distance between regular corners to be
normal according to the plan of survey, with certain allowable
ad]ustments not to exceed 25 links in 40 chains; and (¢) for closure,
not to exeeed 50 links in either latitude or departure.

Township exteriors, or’ portions thereof, will be considered de-
fective when they do not qualify within the above limits. It is also
necessary, in order to subdivide a townsth reoula.rly, 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. | 3

A previously established exterior will not be considered de-
fective 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 rectangular limits have already been exceeded or that the
danger point is likely to be reached at an early stage'in the subdi-
visional survey, the necessary corrective steps will be taken before
subdividing, as hereinafter described.

RECTIFICATION OI" DEFECTIVE EXTERIORS BEFORE SUBDIVIDING AND
METHOD OF ESTABLISHING! NEW GOVERNING BOUNDARIES ‘WHERE
THE PREVIOUSI;Y SURVEYED (EXTERIORS ARE FOUND ;TO BE DE-
FECTIVE.

163. Where subdivisional lines ha‘ve been initiated from or closed
upon an jexterior, prior td the subdivision of one of, the adjoining
townsh1p§, its alinement can not leoally be changed. A defective
boundary not so closed upon may be obliterated, after connecting
the old with the new monuments, whereupon a new boundary will
be projected in accordance with regular methods.  If a legal claim
of any -character such as mineral, forest-homestead, small-holding,
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railroad or canal nght-ol-way, reservoir site, etc., has been connected
with anycornér on an'exterior which may be sub]ect to rectification,
the fact will be specifically stated in the written special instructions,

. and in case such exterior is found to be defective the surveyor wﬂl
accurately connect the old corner by course and distance with the
new monument. Such old corners will not be destroyed, but the
letters “W P2 (signifying “‘witness point’) will be distinctly added
to the original markings. 'A complete record of the connection from
the new ta the old monument, a description of the latter and its
accessories, and the new markings, will be included in the field
notes, and the position of the old monument will be shown on the
plat of the survey.-

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 thereon, 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 1° 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 cardma.l equivalents of 40 and 80 chains.

165. Where subdivisional lines have heen initiated from or
closed ‘upon one side of a portion of a township boundary prior to
the subdivision of the township on the opposite side, while upon
the rema.ining portion of the same such conditions do not interfere,
said remaining portion may be obliterated, if found -defective,
wheretipon 2 new line w111 be projected in accordance with regular
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 dataacquired in surveying sabdivisional
lines closing upon defective exteriors can not be accepted in lien
of such retracement or resurvey.

167. Instances will occur both in ¢losing subdivisional surveys
upon regular exteriors and in the retracement of defective bound-
aries not; subject to rectification where it will be developed that the
original monuments have become lost or obliterated, or where such
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corners 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 pro-

* visions of Chapters IV and V, and a complete record thereof will be
embodied in the field notes.

168. The south boundary of a township is regularly the govern-
ing latitudinal boundary and will be used as such unless defective
in alinement; if defective in measurement, and not subject to rec-
tification, the position of the original corners will not be changed,
but the marks thereon 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 reg-
ular intervals of 40 chains, counting from the east, and the excess
or deficiency 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 regula.rly the governing .
meridional boundary and will be used as such unless defective in
alinement; if defective in measurement, and not subject to rectifi-
cation, the position of the original corners will not be changed, but
the marks thereon and the accessories will be appropriately altered
to stand only for the sections of the township to the east; new cor-
ners of two sections and quarter-section corners common to the sec-
tions of the township to the west will be established at regular inter-
vals of 40 chains, counting from the south. If the east boundary is
defective in alinement a gectional 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 unsur-
veyed lines may close upon same, the corners thereon may be estab-
lished common only to the sections of the township of which the
new lines are the governing boundaries. The corners appropriate
to the sections upon the opposite side will be duly established as
closing corners at the time of the survey of the subdivisional lines
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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 corners will be appropriately
altered to corners of maximum control.
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172. Where the previously established north or west bounda-
ries are found to be defective in measurement or position and sub-
divisional surveys in the adjoining townships have been initiated
upon the same, thereby preventing rectification, the marks upon
the original corners will be appropriately altered to corners of two
sections and quarter-section corners common only to the sections of
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the townships to the north or west, raspectively. ' Closing section
corners will be established when subdividing and the distance ineas-.
ured to an original corner; new quarter-sectlon 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
gection cornets, or at 40 chairs from one direction, depending upon
the plan of the subdivision 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 north and west half
miles.

173. The diagrams which accompany the text illustrate the guid-
ing principles involved in the method of establishing new govern-
ing boundaries where the previously surveyed exteriors are found
to be defective, Each diagram illustrates a simple condition affect-
ing 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 parts of simple defective condi-
tions, The same statement is applicable to the solution of complex
defective conditions encountered in the establishment of township
exteriors under an irregular order of procedure.. The surveyor 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
supervising officer for his counsel. .

TABLES® OF LATITUDES AND DEPARTURES AND CLOSING ERRORS.

174. Upon the completion of the survey of one or more townshlp
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 (57 of the perimeter, in either latitude or depm‘tu‘e) is ex-
¢eeded, will serve to show what additional retracements or other
éorrective steps may be necessary in order to perfect the survey
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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 lines have been completed;
will be incorporated in the field notes of the survey. The general
subject of ¢ limits of closure’’ will be amplified hereinafter.

SUBDIVISION OF TOWNSHIPS.

REGULAR 'BOUNDARIES.

175. The boundaries of a township will be considered within
satisfactory governing limits from which to control the subdivisional
survey when the calculated position of the latter lines may be theo-
retlcally projected from said boundaries without invading the danger
zone in Tespect to rectangular limits as previously described; The
danger zone has already been placed at theoretical bearings exceed-
ing 14/'from cardinal, and ‘the ‘¢orresponding zone in réspect to
lengths of lines may be placed at theoretical adjustments exceeding
§3 links per mile.

176. The direction of the east boundary may qualify anywhere

within the governing limits set forth undet the subject of “township
exteriors,” and ‘wheré 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
mendmnal subdivisional lines!

177. The subdivision of a township may proceed in the normal
or;ler where the above conditions are satisfied, as follows:

‘The ‘meridional section lines ‘will be initiated at the regularly
éstablished 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 meéan course of such east
boundary. * Regular quarter-section and section cornérs will be
established alternately at intérvalsof 40 chains, asfar asthe northern-
most interior section corner. “The last miles of the meridional section
lines will be continued as random lines, each successive line being
run' parallel ‘o the trie 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 township, and the
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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 markings between the
section corners, including the permanent establishment of the
quarter-section cornets on: the true lines at distances of 40 chains
from the south, thus placing the fractional measurementsin the north
half miles. The bearings of the true'lines will be calculated on the
basis of the fallings of the randoms: (see Table,3; Standard Field
Tables).,, Where the north-boundary of the townshipisa base line or
standard parallel, the last miles of the meridional section lines will
be continued as true lines paraliel to the east/boundary of the town-
ship, 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 or standard or cortection line, where
the distances will be measuréd to the nearest corners on s2id line.
The adjustment of the bearing of all- meridional section:lines on
account of convergency of meridians has-already been explained in
Chapter I1.

178.:The latitudinal section lines, except in the west range of
sections, will normally be run from'west to east on random:lines
parallel to the south boundaries of the respective sections, setting
temporary quarter-section cornersati 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. ' Eachrandom will bé corrected to atrue line by returning
to accomplish the required markings between the section corners,
including the permanent establishment of ‘quarter-section corners
at the mid-points on the true lines. :The beéarings of the true lines
will be calculated onthe basis of thé fallings oi the randoms (see
Table 8, Standard Field Tables).. In the west tange of séctions 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 fractlona.l measurements in
the ‘west half Tailes. | Lty

179. Meander corners will: be established ati 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-
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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 surveyor at‘any time in order as previously
stated, but'none will be carried beyond uncompleted sections to the
east.  The field notes will be compiled in ranges of sections begin-
ning with the easternmost, 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.

181. Thus, to recapitulate, the subdivisional survey will be com-
menced at the corner of sections 35 and 36, on the south boundary of
the township, and the line between sections 35 and 36 will be run
parallel to the east boundary of the township, or to the mean course
thereof, if it is imperfect in alinement, but within limits, establish-
ing the quarter-section corner at 40 chains, and at 80 chains, the corner
of sections 25, 26, 35 and 36. From the last-named corner, a random
liné will be run eastward; without blazing, parallel to the south
boundary of section 36, to its intersection with the east boundary of
the township, placing at 40 chainsfrom the point of beginning, & post
for temporary quarter-section corner. | If the random line intersects
said township boundary exactly at the corner of sections 25 and 36,
it will be blazed back and established as the true line, the permanent
guarter-section corner being established thereon, midway between
the initial and terminal section corners. 'If the random intersects
said township boundary to'the north or south: of said corner, the
falling will be carefully measured, and from the data thus obtained,
the true return course will be calculated, and the true line blazed
and established, and the position of the quarter-séction corner
determined, as directed above.  The meridional section line will
be continued on' the same plan, likewise: the successive latitudinal
section lines except that each random will be run parallel to the true
south boundary of the section to which it belongs. =After having
established the west and north boundaries of section 12, the line
between sections 1 and 2 will be projected northward, on a random
line, parallel to the east boundary of the township, or to its méan
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course, as the case may be, setting a post for temporary quarter-sec-
tion corner at 40 chains, to its intersection with the north boundary
of the township. If the random intersects said north boundary
. exactly at the corner of sections 1 and 2, it will be blazed backand
established as the true line, the quarter-section corner being  estab-
lished permanently in its original temporary position, and the frac-
tional measurement thrown into that portion of the line between the
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permanent quarter-section corner and the north boundary of the
township. If, however, said random intersects the north boundary
of the township, to the east or west of the corner of sections 1 and 2,
the falling will be carefully measured, and from the data thus
obtained the true return course will be calculated and the true line
established, the permanent quarter-section corner being placed upon
the same at 40 chains from the initial corner of the random line,
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thereby throwing the fractional measurement in that portion lying
between the quarter-section corner and the north boundary of the
township. ‘When the north boundary of a township is a base line
or standard parallel, the line between sections 1 and 2 will be run,
as a true line parallel to the east boundary of the township, or to its
mean course, as the case may be; the quarter-section corner will be
placed at 40 chains, and a closing corner will be established at the
point of intersection with such base or standard line; and in such case,
the distance from said closing corner, to the nearest standard corner
on such base or standard line, will be carefully measured and noted.
The successive ranges of sections proceeding from east to west will
be surveyed in the same manner; then after having established the
west and north boundaries of section 32, a random line will be
initiated at the corner.of sections 29, 30, 31 and 32, which will be
projected westward parallel to the south boundary of the township,
setting a temporary quarter-section corner at 40 chains, to an inter-
section with the west boundary ef the township, where the falling
will be measured and the bearing of the true line calculated, where-
upon the line between sections 30 and 31 will be permanently
marked between the section corners, and the quarter-section corner
thereon will be established at 40 chains from the east, thereby placing
the fractional measurement in the west half mile as required by law.
The survey of the west two ranges of sections will be continued on
the same plan, and the random line between sections 6 and 7 will be
run westward parallel to the true line between sections 7 and 18;
the random will be corrected to a true line and the fractional measure-
ment placed in the west half mile; finally the random line between
sections 5 and 6 will be run northward parallel to the true line
between sections 4 and 5; the random will be corrected to a true line
and the fractional measurement placed in the north half mile.

It may well be noted again that the meridional section lines are
surveyed as true lines for 5 miles, i. e., the lines are surveyed
and permanently monumented in the first instance without later
adjustment, Every means is placed at the disposal of the surveyor
by which he is expected to accomplish accurate results, and the
system of survey 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 rectang-ular limit, must be
w1thm 50 links of 80 chains in length, except in the west range of
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sections where the convergency of the meridional lines is regularly
provided for; the accumulated 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 shght 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 =}y)
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 surveyor
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 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 otherrespect. Therandom latitudinal
section lines, except in the west range of sections, will normally
be run from west to east, thus always closing tipon a previously
established section corner; but when under the exigencies of the field
work, in order to economize the time of his party, the surveyor 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 the 80-chain point on the meridional section line, where-
upon the connection of the random latitudinal line and the perma-
nent marking of the true line will be completed ag regularly provided.
Examples of the authorized rules for running subdivisional lmes will
be found in the specimen field notes.
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IRREGULAR BOUNDARIES.

183. Where either of the governing boundaries of a township is
disqualified as a controlling line upon which to initiate a subdivi-
sional survey, the necessary retracements and resurveys or altera-
tions’ 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.

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
the east boundary being compensating), the first meridional section
Jine 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
Jast 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
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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 errorsin 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 sections 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 sections 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
west boundary of the township (as previotisly provided), the line
between sections 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
subdivisioqal survey continued in harmeony with the principles
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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
defectivein 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 *ifragmentary 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
heretofore described, but appropriate explanatory remarks will be
added indicative of the method and order of procedure.

CLOSING SECTION LINES.

188. In the event of defective north or west boundaries, not sub-
ject to rectification, where the subdivisional lines can not be con-
nected 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 posi-
tions of the randonis will be made the-true lines; a closing section
corner will then be estabhshed at the point of intersection of the
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section line with the original boundary, and the distance will be
measured to the nearest original corner. The quarter-section cor-
“ners 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 accom-
plished, the defective boundaries of the township will be retraced
as may be necessary, and the marks upon the original corners appro-
priately altered as previously provided under the subject of rectifi-
cation of defective exteriors, whereupon new quarter-section cor-
ners, common to the sections of the township which is being subdi-
vided, 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 subdi-
vision of the section to which a particular quarter-section corner
belongs. :

189. Corners of two sections on the governing south or east boun-
daries of a township will not be established as cloging 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 State or reservation or grant
boundary, or by a private claim of any description, such as mineral
claims, forest-homestead claims, small-holding claims, etc., whose
boundaries are at variance with the lines of legal subdivision, the
distance on the township boundary or section line to the point of
intersection with the irregular boundary will be carefully measured,
likewise the exact bearing of the irregular boundary will be deter-
mined and the distance will be measured to the nearest corner on
such irregular boundary. Where a private claim is located entirely
within the limits of a section, a connection will be made from a
regular corner on one of the boundaries of the section to a corner of
the claim, and the bearing and length of the connecting line will be
carefully determined. In the latter case 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 stated in
the field notes, and the course and length of the direct connectmg
line 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
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opposite irregular boundary, but without monumenting the rece
tangular survey between such irregular boundaries, a closing town-
ship 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, butis to be con¢
tinued 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 (if the latter was not established by the surveyor
who runs the closing line, or if not already retraced by him), will be
retraced between the first corners to the right and left of the point
for the closing corner, in order to determine the exact alinement of
the line closed upon, to the end that the closing corner may be
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. The acts of Congress approved February 11, 1805, and April
5, 1832, contain the fundamental provisions for the subdivision of
sections into quarter sections and quarter-quarter sections; the prin-
ciples recognized by law have already been stated in Chapter I.
The sections are not subdivided in the field by the United States
surveyors unless provision therefor is specifically mentioned in the
written special instructions, but certain subdivisiop-of-section lines
are always protracted upon the official plats, and the local surveyor
who may be employed by entrymen to run said lines in the field is
compelled to correlate the conditions as found upon the ground
with those shown upon the approved plat. 'The United States sur-
veyor is required to so establish the official monuments that a
proper foundation is laid for the subdivision of the section, 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 disposal
under the general land laws, broadly, the quarter-quarter section of
40 acres, upon 2 plan in which the square mile, or section of 640
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acres, is the unit of subdivision; while the unit of survey is the town-
ship of 36 sections. All agricultural entries are based upon descrip-
. tions in accordance with legal subdivisions shown upon -the offi-
cial plat.- The plats are constructed in harmony with the offi¢ial
field motes returned by the surveyor. The land included in ‘an
entry is identified on the ground by fixed monuments'established
by the surveyor. - A United States land patent grants to the entry-
mlan a title of ownership to-a tract'defined by certain fixed monu-
ments on the ground and related by description and outline to the
official plat. The function of the United States surveyor has been
fulfilled when he has properly executed and monunmented his survey
and returned an official record thereof in the shape of complete
‘detailed field notes and a plat.. The function of the local surveyor
begins when'heis employed as an expert to identify the lands which
have passed intoiprivate ownership; this may be a simple ‘or a most
‘complex problem, depending largely upon the condition of the
original monuments as afiécted principally by the lapse of time since
the execution of the official survey. The work of the local surveyor
asually includes the subdivision: of the section, already mentioned
as the official unit of subdivision, into the fractional parts shown
upon the approved plat. In this capacity the local surveyor is per-
forming a function contemplated by law, and he can not properly
perve 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 can
zot hope effectively to recover said corners without a full under-
standing of the record concerning their original establishment, 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 General Land Office assumes no control or direction
over the acts of local and county surveyors in the matters of sub-
Adivision of sections and reestablishment, of lost corners of. original
surveys where the lands have passed intp private ownership,
mor. will it dissue instructions in such:cases, It follows the
general rule that digputes, arising from uncertain or erroneous loca-
tion of corners, originally established by the United States, are to
:be settled by the proper local authorities or by amicable adjustment,
@nd the office desires that the rules controlling the acts of its own
surveying service be considered by all other surveyors as merely
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advisory and explanatory of the prinmples which should prevail in
performing such duties. ot T

i, The subject of restoration of lost corners will be treated in a
later chapter, as the purpose here is to outline the principles con-
cerning the subdivision of sections, which will be recognized alike
by the General Land Office surveying service and by all loca.l ﬁur-
veyors. é

SUBDIVISION BY PROTRACTION. r

| 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 regu-
lar half-quarter sections and four lots, the latter containing the frac-
tional areas resulting from the plan of subdivision of norméal town-
ships; the lines of the half-quartér 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 oppo-
gite section linés and one counting on the line between the fractional
quarter sections; the lines subdividing the fractional half-quarter
gections into the fractional lots'are protracted:from mid-points on
the opposite boundaries of the fractional quarter section. The two
interior sixteenth-section corners on the boundaries of the fractional
northwest quarter of section 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. Tflle

fractional lots herein described will be numbered in a regular series
progressively from east to-west or from north to south, in each sec-
tion. |As section 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 frac-
tional quarter-quarter section. !
Entrymen are allowed, under the law, to acquiretitle to any
regular quarter-quarter section, but as such subdivisions are aliquot
parts of quarter sections based upon mid-point protraction, it is not
deemed necessary to indicate these lines upon the official plat.
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197. Sections which are mvaded by meanderable bodies of water,
or by approved claimsat variance with the regular legal subdivisions,
afre subdivided by protraction into regular-and fractional parts-as
ma.y be Decessary to form a suitable basis for the exntry of the public
lands remaining undisposed of, and to describe the latter separately
:{nd apart from the segregated areas,

| The meander'line of a_body of water and -the boundary lines of
private claims are platted in accordance with linés 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
umformlty, 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 boundanes 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. The purpose of the aforestated limits
is to create fractional lots of dimensions that will facilitate all entries
being made in a form that is optional with the entryman; an ad-
herence to this practice will greatly reduce the necessity for the con-
struction of ‘supplemental plats now-frequently- demanded for no
other purpose. Extreme lengths or narrow widthsshould be avoided;
the longer direction should extend back from a meander line or
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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 fractlonal quarter section.

199. To secure a uniform system for, numbenng lots of fractmnal
sections, including those  above speclﬁed; imagine . the section
divided by parallel latltudmal lines into_tiers, numbered -from
north to south; then, begmmng with the eastem 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 iourth
tier, etc., until all fractional lots have been numbered. A lot ex-
tending north and gouth th:ough two, or part of two tiers, will be '
numbered in the tier containing its greater area. In case any tier is
without numbered lots; the numbering will be contmued in the

next tier to the south.  This method of numbermg will apply to
any part of a section. A section, that has been partly surveyed at
different times should have no duphcatlon of lot numbers.
. 200. When, by, reason of irregular suryeys or, from other causes,
the length of a township from south to north exceeds the Zregular
length of 480 chains, or the width from east to west exceeds 480
chains, tosuch 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 sectiops, will /be suitably lotted, and. to_each lot will be
asmgned a proper number. . Certain exceptions to this rule will be
found in Chapter VII, in the instance of townships Whlch 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 exmtmg condmons may : necessitate. . Thus, where
either the east or south houndaries, of a township are defective in
alinement (and not subject to rectification before subdividing) the
sections bordermg 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 ‘‘ fragmentary subdivision.”’
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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 General Land Office 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 know the actual
boundaries of the section, as it can not be subdivided legally until
the section corners and quarter-section corners have either been
found or restored by proper methods, and the resulting courses and
‘distances determined by survey, The practice of entering a section
to survey a tract from only one or two corners, and those perhaps
unreliable, is unlawful.

204. The order of procedure is: First, identify or reestablish the
boundary corners; next, fix the lines of quarter sections; then, form
smaller tracts by equitable and proportionate dwlslon, accordmg

to the following rules:

205. Subdivision of " sections into quarter sections.—Under the
provisions of the act of Congress approved February 11, 1805, the
course to be pursued in the subdivision of sections into quarter sec-
tions is to run straight lines from the established official quarter-
section corners to the opposite corresponding corners. ‘The point of
intersection of the lines thus run will be the ‘corner common to the
several quarter sections, or, in other words, the legal center of the
gection.

" Upon the lines closing on the north and west boundaries of a
regular township the quarter-section corners are established by the
United States surveyors at 40 chains to the north or west of the last
interior section corners, and the excess or deficiency in the measure-

ment is thrown into the half mile next to the townshlp or range line,
as the case may be.

‘Where there are double sets of sectlon corners on township and
range lines the quarter-section corners for the sections south of the
township lines and east of the range lines have ‘not always been
established in the field by the United States surveyors, but in sub-
dividing ‘such sections said quarter-section corners should be so
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placed as to suit the calculations of the areas of the quarter sections
adjoining the township boundaries as expressed upon the official
plat, adoptmg proportionate measurements where the new measure-
ments of the north or west boundaries of the section differ from the
original measurements.

206. Subdivision of fractional sections.—The law provides that
where opposite corresponding quarter-section corners have not been
or can not be fixed, the subdivision-of-section lines should be ascer-
tained by running from the established corners mnorth, south, east
or west lines, as the case may be, to the water course, reservation
line, or other boundary of such fractional section, as represented
upon the official plat. In this the law presumes the sectign lines
surveyed and marked in the field by the United States surveyors to
be 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 running the subdivisional lines through fractional
sections to adopt mean courses, where the section lines are not due
lines, or to run the subdivision-of-section lines parallel to the east,
south, west or north boundary of the section, as conditions may
require, where there is no opposite section line. (See sec. 197.)

20%7. Subdivision of quarter sections into quarter-quarter sections.—
Preliminary to the subdivision of quarter sections, the quarter-
quarter- or sixteenth-section corners will be established at points
midway between the section and quarter-section corners, and
between the quarter-section corners and the center of the sec-
tion, except on the last half mile of the lines closing on irregular
boundaries, where they should be placed at 20 chains, proportionate
measurement, counting from the regular quarter-section corner.

The quarter-quarter- or sixteenth-section cornergs having been
established as directed above, the center lines of the quarter section
will be run straight between opposite corresponding quarter-quarter-
or sixteenth-section corners on the quarter-section boundaries, The
intersection of the lines thus run will determine the legal center of a
quarter section.

208. Subdivision of fractional quarter sections.—The subdivisional
lines of fractional quarter sections will be run from properly estab-
lished quarter-quarter- or sixteenth-section corners, with courses gov-
erned by the conditions represented upon the official plat,-to the
lake, water-course or reservation which renders such tracts frac-
tional. (Seesec. 197,)
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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
meagurements may generally be expected. Errors may occurthrough
many causes and should be as carefully avoided in re-measurements
ag 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 theé
shortage or surplus is ‘computed by proportion, producing the same
result in a more reliable mannér.  For example: The length of the
line from the quarter-section corner on the west boundary of section
2 to the north line of the township, by the United States surveyor’s
measurément was réported as 43.40 chains, and by the county sur-
veyor’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 t6'42.90 chains, the county surveyor’s measure-
ment of the same distance, o i§ 20' chains; o¥iginal measurement, to
19.77 chains by the county surveyor’s measurement, showing that
by proportionate measuremetit in this cdse the quarter-quarter-'er
sixteenth-section corner should be set at 19.77' chains north of the:
quarter-section comer,‘instead of 20 chains north'of said corner, as
represented on the official plat.’' In‘this manner the distrepancies
between original and new measurements are equitably distributed.

210. By way of recapitulation it should be emphasized that when
entrymen have acquired title to certain legal subdivisions they have
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 forin
a'‘patent, and entrymen’ dre ‘advised that a ‘competent surveyor.
should be employed. 'Theé survéyor must necessarily identify the:
section boundaries and locatethe legal center of the section in orderto
determine the boundaries of a ‘quarter section. ' Then, if the boun+
daries 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
invaccordance with the proportional distances represented upon the
approved  plat; ‘thereupon-the legal center of the ‘quarter section
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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 away to corresponding proportional units as defined by.
fixed monuments established in the original survey.

FRAGMENTARY SUBDIVISION OF TOWNSHIPS.

211. In the preceding articles 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 pro-
cedure to be adopted in the instance of fractional townships which
have no linear south or-east boundary, or in the case of ¢ontinuing
with the survey of partially subdivided townships, where one or more
of the previously established section lines may be found to be de-
fective in respect to the rectangular limit, or where partially sur-
veyed sections, or sections containing outlying areas protracted as
surveyed, are-to be completed. A The surveyor can not hope to
master the subject of fragmentary 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 surveyor’s method and order of procedure. Itis 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 prob-
lem; in which case the surveyor will at once communicate with the
proper supervising officer, submitting information, by letter and
diagram, of the exact condition as found by him, and the necessary
instructions will be forwarded as soon as practicable.

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
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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 ex-
teriors, the fractional section lines southand 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 depart-
ure from the regular order of subdivision becomes necessary; in all
such cases the fractional measurements on the exterior and subdi-
visional 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
established, the subdivision thereof may proceed from north to
south and from east to west, thereby throwing all fractional meas-
urements 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 frac-
tional measurements and areas will be thrown against the irregular
east boundary; on the other hand, if the north boundary of section 6
is fractional, a sectional guide meridian will be ‘initiated at the
easternmost regular section corner on the mnorth boundary of the
township, which will be projected to the south to take the place of
a governing east boundary, thus the subdivisional 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 subdivi-
sion of partial townships.

214. A -very considerable class of surveys now coming before the
General Land Office embraces the continuation of the subdivisional
survey of townships previously subdivided in part only, frequently
including the completion of ‘partially surveyed sections or of sec-
tions containing outlying areas protracted as surveyed. If defective
conditions are encountered inithe previously established surveys,
the problems concerning the procedure to be adopted multiply
rapidly and require the greatest skill on the part of the surveyor.
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In the construction of new township plats the former practice of
showing certain outlying areas of sections protracted as surveyed
has been abandoned as unsatisiactory and inconsistent with the
surveying laws. i

RETRACEMENTS.

215. Practically all fragmentary surveys require more or less re-
tracement, of the original surveys in order to identify the initial and
closing lines; such retracements will always be accompanied by the
restoration of all lost corners adjacent to the sections embracing, in
whole orin part, the areas to be included in the extension survey,
in-so-far as the section or subdivision-of-section lines controlling the
new areas may depend upon the position of the previously estab-
lished corners. The surveyor will often be required, in order to de-
termine properly the pogition of a lost corner, to retrace additional
lines which are not the boundaries of sections containing the new
areas to be surveyed, but no reestablishments on such lines are re-
quired. |The theoretical position of a lost corner may be at variance
with an unofficial corner established by loecal survey, accepted and
recognized by the owners of the private lands affected; thus much
trouble between landowners is avoided if the reestablishments 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. A general exception to the foregoing
rule will be made in the case of identified original corners which
are adopted as a basis from which to control the reestablishments
bordering the public land sections; such original corners, if not in a
good state of preservation, will be reconstructed in first-class order,
a complete record of which will be embodied in the field notes. All
restorations of lost corners will be made in strict accordance with
the provisions of Chapter V of the Manual. In the instance of de-
fective conditions contained in the previously established lines, ex-
ceeding the rectangular limit, even though all original corners may
be fully identified and in a good state of preservation, the necessary
retracements of the section boundaries will be made in order to de-
termine the factors entering into the closing error and to furnish
suitable data for the calculation of the areas of the resulting fractional
lots embraced in the extension survey.
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COMPLETION OF PARTIALLY SURVEYED SECTIONS.

218. 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 surveyor
will he expected to give full consideration to the manner of pro-
tecting acquired rights based upon the former approved plats.

The following ten principles are distinetly applicable to the sub-
ject:

Ist. The legal procedure governing the subdivision of any
normal section into quarter sections is based broadly on the
frinciple that the partition lines may be definitely fixed b
our 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.

2d. 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 bound-
ing 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.

3d. The legal procedure governing the subdivision of sections
containing fractional 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
established at distances conformable to the proportions shown
on the official plat.

4th. 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 approved 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 remaining quarter-section corners in' a position
which will protect the integrity of the original areas by con-
trolling center lines connecting the old and new quarter-section
corners. '

5th. 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
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iven to the completion of the survey of fractional sections.

o 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. i

6th. *Reasonable limits’’ for the fixation of the remainin%
quarter-section corners of a section in a position which wil
rotect the integrity of the original areas of such section may
Ee 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 o¥iposite 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 rectangu-
larity of both the old and new surveys may be maintained if
so harmonized.

7th. 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
og})osite distance has been made to count from one direction
only, and the controlling measurement will be made to harmo-
nize with the length of the opposite portion of the section, but
if the old ogposite distance has been made to count from two
directions the position of the new quarter-section 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 distances
and areas shown on the original approved plat.

8th. 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 continuing In the same manner and order as
would have been adopted in the original survey, 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 survegor before proceeding
with the survey of additional sections, go 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 surveyor
will be best prepared to determine the proper method of survey
adapted to procure simplicity of correction of existing irregu-
larities and an early resumption of regularity, when he is in
Fossession of full data concerning the conditions of all the old
ines 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



SYSTEM OF RECTANGULAR SURVEYS. ~ 193

Fig.57.
e m and true.
720.00) | (froc) | (2000) | 120,00).
ks T 2 1 t 4
9 ! |
3 Lo st sagngbicd o8
Wi 71 | [ i ird
] !
~ k 4 5 | 6
S | 1 :
§ : : fus ey
S P ”’;@\\\\\\\s&&x\xﬁm&“
3 ) N
\E ' 7 %
) N
£l BEelle Lo B o N Shownas
3 ) .§ regular.
A .9 -
' N
1 g N\
] 3 §
1
(2000) | (froc) N
Rondom ond true.
(2000) ; (froc.) : (20.00) : 720.00]
PREI § B 0 4
8 [ ! :
3 80 :——--—.—-,',_...___.., :
) | i
te 1 4 5 8
by ' I
3 I \ e
W 1
P ettt SR SR \CSSSSSONINS
3 : N _
3 1 ‘ §
S g
8 : % Shown as
s y 1 ]I- =N g regular.
\ N
8 N
(2000) | (frac) E\

Z

Bouth boundary of section out of limits in measurement; southeast quarter protracted
as surveyed; and section to be completed.



194 MANUAL OF SURVEYING INSTRUCTIONS.

Fig.58.

Rondom ond true.

"420.00) : (Froc) : 2000 ¢ ':. 20.00
1 o1
: ats jUiieiayfidation
] § t
l e . s
g 80 |.-—__‘—---f_r_-__—%
“ N ' ¢ N
o Wi " Ny
] ] [}
1 ] 3
sl "1:‘ e ""Q\\\\&x\\\\\\{\ﬂx\\mm\ﬁ
; N
t 7 §
' \
8 ! _ . Shownas
S o f o ¢ —§ regular.
‘ N
"E 1 8 §
g : \
Mid-point %\ A
Rondom ond true.
(20.00) " (7rec) - (2000) ; 20:00)
Lol iy sominp ot
} ! ' 3
Y ( 3
Q80 |-_.._..»-:-.._-_-Lv-_..-.~3
B, ' BN
i 1
4 4 ] 5 1 6
| 1 "
g | i
""" L “'@\\\'\\\\\&&m\\\i\m
N
' N
[ 1 §
t
S 1 B § Showa oS
o .. | regulor:
. ' 8 N
b 1 &
3 . N
= M/'d-;!’oinr S

“Past boundary of section out of limits in alinement; southeast quarter protracted
as surveyed; and section to be completed.



SYSTEM OF RECTANGULAR SURVEYS.! 195

old lines. Tt must be granted that a skillful exercise of judg-
ment by the surveyor based upon his knowledge of the facts is
far more desirable than to'restrict him to the application of
empirical rules devised to cover possible, but innumerable
combinations of irregularity. o}

9th. 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
completed by surveying all lines in such a manmer that each
and every section (excepting 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 integrity of
the fractional areag already shown upon the original plat. The
subdivision thereof may then be made by connecting the olppo-
site quarter-section corners in the regular manner with resulting
locations agreeable to the legal subdivisions shown upon the
original plat. Ifanhiatusoroverlap isunavoidable, the position
of the new ?uarter-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
the one or two directions which control the position of the new
quarter-section corner or corners. i

10th. Adjoining sections must be considered se};f.rately
when placing the new quarter-section corners, and the new
corner need not be common to the four quarters of the two
ad{oining sections unless the theoretical position for each section
falls within 25 links of a common point in which case the differ-
ence may be adjusted in such a manner as to secure maximum
regularity.. :

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 mutual
intersection. The quarter-section corner on the mew 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 subdivision 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
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measurement is to be thrown in the same direction in the two sec-
tions, 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. Aoa.m, let the
same condition be assumed with the exception that the latitudinal
section line instead of the meridional line is found to bé defective in
measurement. - Then, to complete the section, the new meridional
line would be surveyed as in regular subdivision, pdrallel to the
opposite meridional line, or mean course thereof, ordinarily with
quarter-section and section corners of maximum control at 40 and
80 chains, respectively. The new latitudinal section line would then
be estabhshed on a true line between the section cornets, and one or
two quarter-section. corners will be established as required; one
marked to cantrol thesubdivision 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 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 estab-
lished section lines, the meridional line of which is out of limits in
alinement, an outlying regular quarter section hag 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 maximum 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 the section
under consideration will be required at 40 chains from the original
section cornmer; the same quarter-section corner “vould be marked
to control the subdivision of the adjoining section if the fractional
measurement is to be t.hrown in the same direetion 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 original

. latitudinal section line instead of the meridional line is found to be
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defective in alinement, then the new latitudinal section line will
have to be established as-a sectional correction line, exactly in
accordance with the rules already given for running such lines,
ordinarily with section corner of maximum control at its inter-
section 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 consid-
eration 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 adjoining section if the fractional measure-
ment is to be placed in the same direction in the two sections, but
if the fractional measurement is to be thrown in the opposite direction
in the adjoining section an additional quarter-section corner marked
to control the subdivision of that section'would ordinarily be re-
quired 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 surveyor is advised to prepare a diagram illustrating the con-
ditions 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 otiginal section
corners, and that the length of the meridional boundary will depend
both upon the regularity of the length of the opposite original merid-
ional section line and upon_the alinement of the previously estab-
lished latitudinal section line; thereupon the surveyor may at once
show upon his diagram the positién 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 hag 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 subdi-
vision of the stated section will be placed at mid-point, regardless
of the length of the new section line; the position of the quartet-
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section corner marked to control the subdivision of the adjoinmg‘
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 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.

222, On the accompanying diagrams are shown various exagger-
ated examples of the manner of completing the survey of irregular
sections containing’ outlying areas protracted as surveyed, showing
the application of the means necessary for the protection of the
integrity of such areas. Itisrecognized that the general principles
above set forth will not always permit the complete establishment
and appropriate marking of all corners at the first determination of
their locations, by reason of the fact that only the bringing up of the
new surveys to be closed upon the completed units will develop
the appropriate markings of the finished corner, but this need not
impair the surveyor’s confidence in his knowledge of necessary pro-
cedure in the initiatory work, to be recognized and applied appro-
priately when the new surveys are brought up to their closings.
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228. 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 surveyor, as the approved plat must be held to
represent correctly a true meanderable body of water until proven
otherwise to the satisfaction of the Department of the Interior, as

intimated in Chapter I. Numerous instances are on record, how-
ever, where the evidence submitted to the Department is con-
clusive that surveyors 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 it is the practice of the General Land Office not to
allow any extension of such original surveys until the procedure has
been definitely authorized by the Secretary of the Interior. The
surveying problems arise only when the extension of the original
survey beyond the meander line shown upon the approved plat has
been duly authorized.

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 sec.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
FRAGMENTARY 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
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Example showing the completion of partially surveyed sections, the subdivision of
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fractional sections, and the completion of the subdivisional lines of a partial township

fragmentary surveys.
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the position of the new quarter-section corners, established to con-
trol the subdivision 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, disregard-
ing 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 represented upon the original plat. When the subdi-
vision-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 subdivision-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:

1st. 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.

2d. The same meridional limit may be permitted, in the interest
of regularity and simplicity of platting, as is ordinarily allowed in
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 section 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 sections, except as a calciilated proportional position for
a sixteenth-section corner is made necessary by reason of conditions
relating to the complementary area shown upon the original plat.
" 3d. 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
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order in which fractional lots are normally numbered. The new
series may begin with No. 1in 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 surveyor 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 surveyor 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 mini-
mizing the number of extra corners as well as fractional lots, such
reversal of procedure is fully warranted. The principle relating to
controlling codrdinate 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 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 correction
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 can not be connected regularly with 'the pre-
viously 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 estab-
lishment of closing section corners on the north or west boundaries
of a township where the latter lines are found to be defective in
meagurement. 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
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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 neces-
sary; new quarter-section cornérs marked to control the subdivision
of the new sections will be established on the original lines at mid-
points 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 fragmentary
subdivision may be executed, but a careful study of a sketch plat
representing existing conditions will generally reveal the superi-
ority of one method over another, and objectionable results should
be avoided 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.

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
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.

Mean high-water mark has been defined in a State decision (47
Towa, 370) in substance as follows: High-water mark in the Missis-
gippi River is to be determined from the river bed; and that only
is river bed which the river occupieﬁ long enough to wrest it from
vegetation. In another case (14 Penn. St., 59) a bank is defined as
the continuous margin where vegetation ceases, and the shore is the
sandy space between it and low-water mark.

Numerous decisions in the United States Supreme Court and
many of the State courts assert the principle that meander lines
are not boundaries defining the area of ownership of tracts adjacent
to waters. The general rule is well set forth (10 Iowa, 549) by
saying that in a navigable stream, as the Des Moines River in Iowa,



SYSTEM OF RECTANGULAR SURVEYS. 213

high-water mark is the boundary line. When by action of the
water the river bed changes, high-water mark changes and owner-
ship of adjoining land progresses with it. .

Meander lines 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 sha.rply slopmg lands, the honzontal distance
between the margins of the various water elevations is compara-
tively slight, and the surveyor 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 betweeh the successive levels is
relatively great.  The surveyor will find the most reliable indica-
tion of mean h1gh-water elevation:in the ewdence 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; at this level a definite escarpment in the soil will generally
be traceable, at the top of which is the true position for the surveyor
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 evident escarpment will often be found
at the average low-water level, especially of lakes, the lower escarp-
ment 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
favorable site, conditions will be found accurately: beltéd along
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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, corners at such intersections will be established at
the time of running these lines. ‘Such monuments are called mean-
der corners. In the survey of lands bordering on tide waters, mean-
der corners may be temporarily set at the intersection of the sur-
veyed lines with the margin of mean high tide, but no monument
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 (R. R. Co. v. Schurmeir, 7
Wallace, 286-287) as follows:

‘“Meander linés are run in surveying fractional portions of the’
public lands bordering on navigable rivers, not as boundaries of
the traet, but for the purpose of defining the sinuosities of the banks
of the stream, and as the means of ascertaining the quantity of land
in the fraction subject to sale, which is to be paid for by the pur-
chaser. ' In preparing the official plat from the field notes, the mean-
der 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.”

280. The surveyor 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
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the beginning to the next meander corner. All meander courses
are to be taken or counted from the true meridian and will be de-
termined with precision; “transit angles’ showing only the amount
of the deviation from the preceding course are not acceptable in
field notes of meandérs. 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 approxi-
mate agreement with the minute sinuosities’ of meanhigh-water
elevation.  Again, for convenience of platting and computation,
the surveyor is required to adopt turning points at distances of whole
chains, or multiples of ten links, with odd links only in the final
course.

 In cases wherethe surveyor finds it impossible to carry his meander
line 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 posi
tion, size and depth of springs, whether the water be pure or min-
eral; 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 estab]ish 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.

RIVERS.

231. Proceeding 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
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river or stream. ‘Navigable rivers and bayous, as well as all rivers
not embraced in the class denominated ‘‘navigable,”’ the right-
angle width'of which is 3 chains and upwards, will be mean-
dered 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
that streams which are less than 3 chains wide and which are so
deep, swift and  dangerous as to be impassable may be meandered,
where good agricnltural lands along the banks require their separg-
tion into fractional lots for the benefit of settlers.

Shallow fresh-water streams, without any well-defined channel or
permanent: banks, will not be meandered. Tidewater streams,
whether more or less than 3 chains wide, should be meandered at
ordinar:" high-water mark, as far as:tidewater extends.

LAKES.

282. The meanders of all lakes of the area of 25 acres and up-
wards, will be commenced at a meander corner and continued, a8
above directed for nayigable 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
theoretical 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. If a meanderable lake is found to be located en-
tirely within a quarter section, an ‘‘auxiliary meander corner” will
be established at some suitable point on its margin, and a connect-
ing line will be run from said monument to a regular corner on the
section boundary. A connecting traverse line will be recorded, if
one is run, but it will also be reduced to the equivalent direct con-
necting course and distance, all of which will be stated in the field
notes, and the course and length of the direct connectingline will be
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
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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.

2383. 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 admis~
sion 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.

The survey of islands not shown upon the original approved plats
of subdivided townshipsis authorized by the Department only upon
thereceipt of formal application, and subject to the approval thereof.
The proof of the time of the formation of such islands'is often more or
less difficult, and it is the practice of the Depa.rtment to make a
careful ‘examination of the history of an island in relation to the
question of its legal ownership before approvmg the apphcamon for
its survey.

Any township boundary or section line which will intersect an
island will be exténded as mearly 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 ancisland falls in two sections only, the line be-
tween those particular sections should be established in its proper
theoretical position based upon suitable sights and calculations.

59
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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 cor-
ner on the mainland. The direct courseand length of the connect-
ing 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 con-
necting 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
1ands should be so classified and shown upon the plat accordingly,
but such land will not be meandered as an island.

LIMITS OF CLOSURE.

2384. 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.
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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
coérdinate 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 7 provided that the limit of closure in neither latitude
nor departure exceeds g}y, and where a survey qualifies under the
latter limit the former is bound to be satisfied; thusan 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 & normal sectlon shall each close
within 50 links; of a normal range or tier of sections, within 175
links; and of a normal township, within 800 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 g3, when the
error in either latitude or departure is considered separately; the
same rule will be applied to all broken or irregular boundaries.

Surveyors 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.

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 collec-
tively 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 surveyor’s field work. (a) The regular
corners of the public-land surveys are marked by fixed monuments
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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 exem-
plified 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 accomplished by the process of
“blazing” and by “hack’ marks.

A “blaze” is an ax mark which is 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 ax mark which is made upon a tree trunk at
about breast height, in which a 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 suryey from accidental marks
resulting from other causes; a vertical section of the completed

official hack mark resembles a ‘““double-V ” (2) 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.

The marking of trees along the surveyed lines was required by
law as positively as the erection of monuments, by the act of 1796,
which is still in force. 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.
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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 barkinto 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 branchesto 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,
that settlers may find their proper limits of land and timber without
special survey. - ‘The undergrowth will be especially well cut along
all lines within distances of 5 chains of corner monumentsand within
2 chains of arteries of travel, to enable other surveyors and settlers
to locate the survey readily, but the cutting of the undergrowth
may be omitted in deep untraveled ravines unless necessary for
accurate sighting or measurement.

Line treesand 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 ad-
justments to the final line are definitely known. A sufficientnumber
of temporary stakes should be set along a random-line to render it
generally unnecessary to rerun the true line instrumentally merely
for the purpose of blazing the line 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.

SUMMARY OF OBJECTS TO BE NOTED, AND SKETCHES."

236. The field notes and plat, of a survey are designed to furnish
n6t 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 technical procedure is made a matter of official record; (b)
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general information 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 evi-
dence by which the locus of the survey becomes prac’aca.lly un-
changeable 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 sub-
jects are brought together in Chapters VIII and IX, but before
concluding the special questions concerning rectangular surveys
it is deemed expedient 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
necessary 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 corners are constructed, their
dimensions and marhngs, 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, town-
‘'site, 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 approxima,te bearing
‘of the line of demarcation, and the estimated height in feet of the
‘ascents and descents over the principal slopes typifying the topog-
Taphy 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 approxi-
mate bearing of the margin of all heavy timber, and the distance
to where the line enters or leaves dense undergrowth.
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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 ofthe
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., and also whether first, second, third or fourth rate.

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 sea-
sonal 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 upland 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, with owner’s
name; mineral claims; mill-sites; United States mineral 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. q

14. Coal banks or beds; all ore bodies, with particular description
of the same as to quality and extent; all mining surface improve-
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ments and underground workings; and salt licks. All reliable in-
formation 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, ete.;
also all archaeological remains, such ‘as cliff dwellings, mounds,
fortifications, or objects of like nature.

19. The general average of the magnetic declination in the town-
ship, with maximum known range of local attraction and other
variations, will be stated in the general description, and the general
average for the township, subject to local attraction, will be shown
upon the plat.

20. General deseription.—The above information will be summar-
ized by townships in a general description which will be made the
concluding part of the field notes of every survey. The general
description will be made to embrace many more comprehensive de-
tails 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:—

Land.—A general outline of the drainage and topographical fea-
tures of the townshlp and apprommate range of elevation above sea
level.

Soil.—The prevailing and characteristic soil types. (See special
reference to soil classification, Chap. VII.)

/Timber.—The predominant forest species, age, size, condition, etc.

Evidence of mineral.—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 appropriate legal subdivision, with brief description of the min-
eral indications. On the other hand if the surveyor finds no ap-
parent indication of mineral deposits, a report to that effect will be
embodied in the general description.

Watering places.—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 appropriate legal subdivision, with brief description of the
nature of such water supply.
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Settlement.—The extent of the settlement at the time of the survey.

Industry.—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.—All exceptional steps in the technical process of the
survey, and other special matters required in paragraphs Nos. 1 to
19, inclusive, of the above summary, not otherwise suitably recorded
will be reported in the general description.

In addition to the field notes the surveyors 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 topographical features will be sketched with care while in the
view of the surveyor, 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 impor-
tance. The design of the specimen township plat will be followed
closely in the preparation 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. -
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CHAPTER 1IV.
CORNER MONUMENTS.

THE LEGAL SIGNIFICANCE OF A CORNER MONUMENT.

237. Itis one of the fundamental principles of the surveying laws
that absolute permanency be attached to the public-land surveys
when the lines have been officially established. The ‘“‘survey” em-
braces certain definite technical procedure, heretofore described,
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
technical operation constituting the survey have been finally ac-
cepted by the Commissioner of the General Land Office, all as con-
templated by law. 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 execu-
tion of the survey—where discrepancies may have passed undetected
prior to the acceptance of the survey and the opening of the lands
to entry—and, as an aid to the matter of permanency, the Congress
provides for the purchase of durable material for the corner monu-
ments, also a penalty for the defacing of any marks relating to the
locus of the survey. If it were possible to carry out the full intent
of the surveying laws in regard to the aforementioned particulars,
the most intricate of all technical and legal problems relating to sur-
veys—the questions pertaining to the reestablishmont of lost cor-
ners—would be avoided.

The courts attach major importance to authentic evidence relating
to the original position of an official corner monument, such evidence
being given far greater weight than the technical record relating to
bearings and lengths of lines, and it is assumed in the first instance
that the original corners shall serve every necessary purpose for the’
identification of the survey delineated upon the official approved
plat, and of the lands which have passed into private ownership.
The legal significance of the original monuments, as thus briefly
outlined, makes it mandatory upon the surveyor to exercise con-

227
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stant diligence in the workmanlike construction of lasting corners,
and alertness in skillfully connecting the same with natural objects
or improvements, to the end that the greatest possible permanency
may be secured for the public-land surveys.

238. Accordingly, if a surveyor is called upon to alter the con-
dition of a previously established point, the utmost regard should
be shown for the evidence of the original location of the monument,
and the corner will be carefully reconstructed by such additional
Imeans as may be appropriate, without destroying the evidence which
served to identify its legal position. A complete record will be kept
of the description of the old monument as identified, and all altera-
tions and additions thereto.

239. Regulation monuments are employed to mark permanently
the position of the quarter-section, section, township and meander
corners, appropriate to the subdivision of the public lands, as de-
scribed in Chapter IIT; 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 intermediate 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 Chapter VIT.

240. The position of every corner monument will be ‘‘evidenced ”
by the best of such accessories as may be available, and where the
corner point itself can not be marked in thé usual manner an
appropriate ‘‘witness corner” will be established. A “witness
meander corner” will be established upon secure ground wherever
the intersection of a surveyed line with the mean high-water ele-
vation of a meanderable body of water falls at a point where the
monument would be liable to destruction.

241. The field notes relating to the establishment of a corner
monument will be introduced into the technical record of the survey
at the logical place in the record where the true position for the
corner is indicated as having been attained. The record of the

.monument itself will embrace a description of:

(a) The corner material, including its dimensions, in the order
of length and diameter of an iron post; or length, width and breadth
of a stone; or the breast height diameter of a tree; (b) the depth
get in the ground, with mention of additional support if any;
(c) the significance of its position; (d) the markings upon the monu-
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ment; and (¢) the nature of the accessories, including character,
size, position and markings.

CORNER MATERIAL.

242, The General Land Office has adopted a model iron post for:
monumenting the public-land surveys, which will be generally
used unless exceptional circumstances warrant a departure from
this rule. This practice is deemed so important that the surveyor
is not authorized to exercise an option in the matter, but he may
refer the question to the proper supervising officer, who may grant
authority for the use of other suitable material, provided the reasons
for departing from the general rule are sufficient, in which case a
brief statement of the facts will be given in the field notes, in the
form of an explanation as to why the model iron posts were not
employed.

The model iron post is made from commercial iron pipe, from 1 to
3 inches in diameter, which is cut into lengths of about 36 inches;
one end of the pipe is split for a distance of about 4 or 5 inches, and
the two halves are spread (when heated) to form flanges or foot plates,
at right angles to the axis of the pipe; a brass cap is securely riveted
to the opposite end of the pipe; and finally the pipe is filled with
concrete. Unless otherwise provided in the written special instruc-
tions, the iron posts will be employed as follows: 3-inch, for standard
and closing township corners, corners of one, two or four townships,
land as required for mile corners and angle points of special bound-
ary surveys; 2-inch, for standard and closing section corners, and
corners of one, two or four sections; and, l-inch, for quarter-sec-
tion and meander corners, and as required for miscellaneous angle
points, sixteenth-section corners and corners of special tract surveys.
All witness corners are to be of the same size as wouitl be used for
the true corner.

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.

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
b inches in either of its minor dimensions, or less than 1,000 cubic
inches in volume. A stone should always be selected with regard
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to its durability 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. i

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.

247. Where the corner point falls upon solid surface rock, pre-
venting 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 alarge stone mound of broad base, so well constructed
that it will possess thorough stability.

248. Where the corner point falls exactly at the position occupied
by a sound living tree, which is too large to be removed, the tree
will be appropriately marked for the corner.

WITNESS CORNERS.

249. Where the true point for a corner falls within a roadway in
such a place as to interfere with travel, a marked () stone will be
deposited in the ground at the true corner point and a witness corner
will be established at some suitable point, preferably on a surveyed
line, outside of the roadway.

250. Where the true point for a corner falls upon insecure ground,
or in an inaccessible place, such as within an unmeandered stream,
lake or pond, or in a marsh, or upon a precipitous slope or cliff, a
witness corner will be established at some suitable point, preferably
on a surveyed line, where the monument may be permanently
constructed. .

251. The surveyor will be expected to exercise his best judgment
in selecting the position for a witness corner, with a view to afford-
ing a definite and convenient connection from the witness corner to
the true point for the monument, for use in subsequent surveys to
recover the legal position of the true corner. Extra effort will be
exerted to accomplish the permanent establishment of a monument
at its true corner point, wherever this is feasible, in order to avoid
as much as possible the confusion to settlers and others caused by
witness corners.
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252. Only one witness corner will be established in each instance,
and the same will be placed upon any one of the surveyed lines lead-
ing to a corner, if a suitable place, within a distance of 10 chains, is
available, but if there is no secure place to be found on a surveyed
line within the stated limiting distance, the witness corner may be
located in any direction within a distance of 5 chains. On the other
hand, if there is no suitable place within the latter radius, one or
more legal subdivisions will be eliminated from the survey as pro-
vided in Chapter VII.

253. All of the lines of a survey will be completed in the regular
manner, if the true point for a corner is accessible, but where the
true point can not be attained, a line connecting therewith may be
returned as surveyed if the same has been completed by the pro-
]ectlon and measurement of a suitable offset or traverse, resulting
in a closed figure which approaches the true point for a monument
within the limit prescribed for the establishment of witness corners,

254. The field notes will show every detail of the relation of a
witness corner to the true point for a monument, and the direct con-
necting course and distance will be shown upon the plat of the survey.

MARKING CORNERS.

255. All classes of corner monuments are to be marked in accord-
 ance with a system hereinafter described which has been devised to
 furnish a ready identification of the character and position of the

monument which bears the marks. Capital lettersand Arabic figures
are employed to mark iron post and tree corners, while upon stone
corners certain additional marks termed ‘‘notches” and ‘‘grooves’
are employed to convey the same information, but to lessen the labor
incident to the marking process. The letters and figures upon a
| monument are designed to relate to the township, sange and sec-
tion to which the corner belongs; the notches and grooves upon a
stone monument relate—in the case of an exterior corner—to the
normal number of miles from the monument to the adjoining town-
ship corners, and—in the case of a subdivisional corner—to the nor-
mal number of miles from the monument to the township boundary
lines, as hereinafter described, thus furnishing the means of ascer-
taining the appropriate section numbers.

256. All markings should be accomplished neatly, distinctly and
durably; and the marks are to be carefully arranged. An assort-
ment of steel dies, chisels, punches and timber scribes, in perfect
condition for use, should always be at hand.
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257. A witness corner and its accessories will be constructed and
marked similarly to a regular corner for which it stands; with the
additional letters ““W C’ to signify ‘‘witness corner.’’

258. The following schedule is an index of the ordinary markings
common to all classes of corners and accessories:—

Marks. To indicate. Marks, To indicate.
AMC Auxiliary meander cor- R ‘' Range.
ner. S Section.
AP Angle point. S South.
B O  Bearing object. SC Standard corner.
BT Bearing tree. SE Southeast.
C Center. SM C  Special meander corner.
CC . Closing corner. SW Southwest.
E  East. 1y Township.
M Mile. : TR Tract.
MC Meander corner. w West.
N . North. WwWC ‘Witness corner.
NE Northeast. ! WP  Witness point.
XW Northwest. 1 Quarter section.
PL Public land (unsur- % Sixteenth section.
veyed).

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
T25N
536 |S 3l
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-
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tion of the State, reservation, grant or private claim, upon whlch
the township exterior closes; as for example: }

T25N RITE T24N T20N
S 36 T24N| RITE Riz0wW
S 32
Si]seé S$36 33 cc UTAH cc
RITE| RIBE H
T24 N RI6GE

€C
1916 1916 i

62. 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
RIZE| RISBE
S36( S3l

si1|s6

T22N

1916

268. 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:

;:’,;‘v Tias
S et R7W|ReW
o REW S$36 1S3l

S6 TISSR7WSIH

T2N 1916

1916

264. Corners referring to one, townslnp only are to be marked mth
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 T23N T35N
RigW R44E
TION Issu 7
REW S36 S 3t
s . .. T22N.RISW TS4NR43E
1916 : il
» 1916 1316

55465°—19——16



234 MANUAL OF SURVEYING INSTRUCTIONS.

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 | RI7E
$35|S36
1916

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 TR48
- 3 3 : S26|S25
szls; TIZNIRSW M T
T24N|RITE cC RIGE
CC .
1916 1916 g 916

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:

T25N T26N RITE T25N RI7E
RI7TE| RIBE S$35|536 S23|s24
5 S2|sSi S26|S25
T25N 1916
1316

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
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the opposite half, except that in the case of an interior .corner, the
township and range numbers will not be repeated; as for example:

Tias | TIaS T2IN|RITW Ti45 |R20W
Py s31|s32 swofsu

T26N RITW S14
RITE|S7 S6 1916
1916 1216

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:

s10 T27N s28 .
Tean o T5IN
R73W 517 RE63W
St6 s20 534
1916 1916 1916

270. Standard quarter-seciion corners are to be marked *“S C {7
and the section, all on the north half; as for example:

sC -
4s 36

1916

¥

271. Quarter-section corners of maximum control are to be marked
(a) on a meridional line, ‘‘4” on the north, and the sections on the
east and west halves; and, (b) on'a latitudinal line, 1’ on the
west, and the sections on the north and south halves; as for example:

1

Py
s13|sie . ifﬁL
< S 28
1916 1916

272. Quarter-section corners of minimum control are to be marked
‘“4” and the section, all on the half toward the particular section
which is concerned; as for example:

3516

257
sS4 1916
1916 1916

Pl
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278. Meander 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;
(b) 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, (¢) on a subdivisional
line, with the township, range and sections; all appropriately set
forth as follows:

T25N
RITE wh T24N
533 Si3|si8 RITE|RISE
mc f— RI7E [ RIBE
T24N
1916 1916 Mc
-1916
T23N T23N
S35 $35 .
RITW mMC MC o RI7TW S26|525
N
ian o7 T25N|RI7TE
1916 . 1316 1916

T25N | RITE

1916 RI7E

1916

274, The interior quarter-section and all sizteenth-section corners,
when required by the written special instructions, are to be marked
in accordance with the scheme shown in the following diagram:
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275. Sixteenth-section corners of minimum conirol are to be marked
with a key letter (N, E, 8 or W), to.indicate the position of the
monument, and ‘" and the section, all on the half toward the
particular section which is concerned; as for example:

[kt

N N

| | |

L I L s 22
RE

Key
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278. 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. -

I—-—W-—-C—E‘

N O = 2

LW—C—L

Key

L—U)—-(S—-Z —’

The marks S M C” will be placed on the half toward the mean-
derable body of water, and the section on the opposite half, as for

example:

SMmcC
w

S| 30

w
1916

S
N N
- 30/smc

1916

SMC
(&

S|30

(o}
1916

SMC/s
Cc (o
30
1916

E
S|30

E
SMC
1916
SMc/ s
s S

30
1916

277. Auziliary meander corners will be marked ““A M C” and the
township, range and section; as for example:

AMC

T64N R37W

S29
1916

278. Closing subdivision - of - section 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.

i——w— c—E

T

N

l——(n—n—-z

W=—C—E

b g
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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.’’)

PL PL PL/CC
b c c c

S 28
cC|Ssz8 ccisz8

BIR
E C 1916
BIR BIR 3
isle 1916
25 PL fCc PL/cC
\[\ N 528 N s s
i prvsofin ' iR
BIR ! 1916
1916

279. Markings for miscellaneous angle points along irregular
boundaries:

T27H For ““angle point No.4” on the
Si3 AP; boundary of the ‘“Blackfeet In-
RITW dian Reservation,” "falling on

1916 surveyed land.
ok For ‘“angle point” on the south
Ti2s Roow  Pboundary of section 33, super-
533 seding an old standard corner on
1916 a defective line, not subject to
rectification.
TIENR7E For ‘‘angle point No. 2” on

. [apz  the boundary of a private flaim
S14|1ra7 . (‘“Tract No. 37 ”) falling on sur-
1916 veyed land.

For ‘“‘angle point No. 12” on

a reestablished meander line; the

ap\"2ON" marks “A P” and the serial

2/ g6 number will be placed on the

half toward the land omitted
from the original survey.
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280. Markings for intermediate corners along irregular boundaries:

139 M For “139th mile corner” on
N MEX the boundary line between the

TExas OStates of “New Mexico and
1916 Texas.”

For ‘‘3d mile corner” on the
pL boundary of the ‘“Blackfeet In-
3M dian Reservation,” falling on

1916 unsurveyed land.

BIR

T25N For ¢“13th mile corner” on the

BIR\ pi7w boundary of the ‘“Blackfeet In-

I3M\ s25 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 directions, and notches where the vertical
edges are turned to the cardinal points. All marks will be made
from 1 to 1} inches in size, and will be plainly and permanently
chiseled into the stone. :

282. Standard tounship corners (oriented with the faces to the
cardinal directions) 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 C25 N on N,

18E “ E., and
17 E “ W. face.

283. Closing township corners (oriented with the faces to the
cardinal directions) are to be marked ‘‘C 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
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corner—with the township (or range) on the same face, and the
ranges (or townships) on the adjoining faces; 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:

20 Non N.,
C C 120 W and 5 grooves (on line between sections
5and 32) on E.,

19N onS., and
UTAH ¢ W. face.

284. Corners common to four townships (oriented with the edges to
the cardinal points) 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 directions) are to be marked with the town-
ship (or range) common to both on the face toward the townships,
and the ranges (or townships) on the adjoining faces; as for example:

3NonN,,
2 N.“ 8S,,and
7 W ¢ W. face..

286. Corners referring to” one township only (oriénted with the
edges to the cardinal points) 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 car-
dinal directions) 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
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to indicate, respectively, the number of miles from the monument to
the adjoining (regular) township corner; as for example:
SCon 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
directions) 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.,
CCand6 “ * S, and
4 ¢« ¢ W.face (on line between sec-
; tions 2 and 3 closing
on a standard par-
allel).

289. Corners common to four sections (oriented with the edges to
the cardinal points) are to be marked (a) on an:exterior, with from
one to five notches each on two opposite edges, north and south on a
meridional line, and east and west on a latitudinal line, each to
indicate, respectively, the number of miles from the monument to
the adjoining (regular) township corner; and (b) a subdivisional
corner, with from one to five notches on the east and south edges,
each to indicate, respectively, the number of miles from the monu-
ment 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 sec-
tions 7, 12,713 and 18 on a range line).

2 notches on E. and 4 notches on W. edge (for corner of sec-
tions 2, 3, 34 and 35 on a township line).

2 notches on E. and 4 notches on S. edge (for corner of sec-
tions 10, 11, 14 and 15 of a subdivisional survey).
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290. Section corners common to two Sections only (oriented with
the edges to the cardinal points) are to be marked with the sectionson
the faces toward the particular sections to which the corner belongs;
as for example:

S 13 on SW., and

S12 ¢ NW. face (for corner of sections 12 and 13 on the east
boundary of a township).

S11on 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 points) 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 quarter-section corners (oriented with the faces to
the cardinal directions) are to be marked ‘S C 1” on the north face.

293. Quarter-section corners of mazimum control (oriented with the
faces to the cardinal directions) are to be marked (¢) on a meridional
line, ¢‘1” on the west face; and (b) on a latitudinal line, “1” on the
north face.

294. Quarter-section corners of minimum control (oriented with the
faces to the cardinal directions) are to be marked ‘‘1” and the sec-
tion, all on the face toward the particular section which is con-
cerned; as for example:

1S 4 on 8. face (for quarter-section corner on the north boundary
of section 4). ’

295. Meander corners (oriented with the faces to the cardinal
directions) are to be marked “M C” on the face toward the mean-
derable 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., :
M R “ 8., and
Oue: °° ¢ W. face (for meander corner of fractional sections

13 and 18, on the south side of a meander-
able body of water).
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296. Special and auziliary meander corners (oriented with the faces
to the cardinal directions) are to be marked ‘S M C” or “A M C,”
as the case may be, on the face toward the meanderable body of
water, and the section on the opposite face; as for example:

SMCon N, and

S19 “ 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).

S20 onE., and

AMC ¢ 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 asound living tree, which is too large to be removed,
the tree will be made the monument. A tree will be removed if it
is too small to be marked, and a witness corner will be established
in preference to marking an unsound tree, if the latter can not be
removed. ¢

298. The species of the tree and its diameter, breast height, will
be noted, where a tree is to be made a monument, and the appro-

priate marks will be made upon the trunk of the tree immediately
" above the root crown. A series of marks to be made upon a particu-
lar 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, thin and permanently barked from sapling to ma-
turity), the marks may be made preferably by scribing well into the
bark and cambium (or live wood tissue) without blazing; the marks
thus made will remain and be visible as long as the tree is sound;
on the other hand, in the case of practically all 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
igsound, 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
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of all blazes should be smoothed off gradually without making a
sharp cut into the cambium. 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 marksin a position
where they will remain on the stump if the trunk should be re-
moved. 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.

800. The above theory applies equally to the marking of bearing
trees, and the surveyor is advised, when making retracements, re-
surveys, etc., not to remove the overgrowth on a tree monument or
bearing tree unless it is absolutely necessary to do so in order to
identify positively the particular tree. 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 section of the
tree) will furnish an exact count of the number 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, and the
surveyor should adopt additional means to evidence the position
of the corner.

801. 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:

SCT25N onN., )
RI8ES31 ¢ E., and
R17E S 36 “ W.side.
802, Closing township corners are to be marked “C C” and the
township (or range) on the side from which the closing line ap-
proaches the monument, and the ranges (or townships) and sections
on the adjoining sides; also the initials or abbreviation of the State,
reservation, grant or private claim, on the side toward any irregular
stract which may be closed upon; as for example:
RI18ES6onE, .
CCT24N ‘“S.,and
R17ES1 ¢ W.side.
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808. Corners common to four townships are to be marked with the
township and section on the northeast and southwest sides, and the
range and section on the southeast and northwest sides; as for ex-
ample:

T 23 N S 31 on NE,,
RISES 6 ¢ SE.,
T22NS 1 ‘“S8SW,and
R17E S 36 “ NW. side.

804. 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 1onS8SW., and
T3NR7WS36 ¢ NW. side.

805. 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:

T23 N R7 WS 360n NW. side.

3006. Standard section corners are to be marked ‘S C” and the
township and range on the north side, and the sections on the east
and west sides; as for example:

SCT2NR17E on N.,
S36 ‘“E.,and
i S35 ¢ W.side.

807. Closing section corners are to be marked ‘‘C C” and the
township 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:
we " S1 onkE,

CCT24NR17E “ 8.,and
S2 ¢ W.side.

308. Corners common to four 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 zection; all appropriately set forth as follows:

T 25 NS- 7on NE,,

RISES18 “ SE.,

R17ES13 “ SW., and
S12 ¢ NW.side.
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T 26 N S 36 on NE.,
RI1I7TES 1 SE,,
T25NS 2 ‘ SW.,and
S35 ¢ NW. side.
T 25 N S 24 on NE.,
R17ES25 “ SE.,
S26 ¢ SW., and
S23 ¢ NW. side.

809. Section corners common o two sections only are to be ma.rked
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
R 20 W 8 10 ““ NW. side.

810. 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:

T27 NR16 W S 17 on NW. side.

311. Standard quarter-section corners are to be marked “S € 1”
and the section, all on the north side; as for example:

S'C 1836 on N. side.

312 Quarter-section corners of maximum conirol 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:
S18 on E,, and
1813 ¢ W. side.
382l on N, and ’
S 28 ¢ S.side.

818. Quarter-section corners of minimum conlrol are to be marked
17 and the section, all on the side toward the particular section
which is concerned; as for example:

187 on E. side (for quarter-section corner on the west boundary
of section 7).

814. 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 sur-
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veyed land; (b) 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, (¢) on a subdivisional line, with the town-
ship and range on the side opposite the: meanderable body of water,
and the sections on the adjoining sides; as for example:

M Con E., and
T25 N R 17 E g NW side (for meander corner on a
standard parallel, on the
west side of a meander-
able body of water).
T 24N on N,
RI18ES 18 ¢“ E,
MC ¢“ 8., and
R 17 E 8 13 “ W. side (for meander corner on a range line,
on the north side of a meanderable

body of water).
T 23 N S 35 on N,

MC ¢ E,
T22NS 2 “ S, and ‘

R17W “ W. side (for meander corner on a township
line, on the west side of a mean-
derable body of water).

823 on N,
T25 NR 17 E ¢ E,
S 26 ¢ 8., and
MC ¢« W side (for mea,nder corner on & lati-
tudinal section line, on the
east side of a meanderable

body of water).
MCon N,

8 9 S B
T4NR7W “ 8., and
S 8 “ W. side (for meander corner on 2 meridional
section line, on the south side of
a meanderable body of water).
815. Special and_auxiliary meander corners are to be marked
“SM C” or “A'M C”, as the case may be, on the side toward the
meanderable body “of water and the section on the’ opposﬂ:e side;
‘as for example:
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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).

AMCon N, and

S9 ‘“ 8. side (for auxiliary meander corner in section 9,
on the south side of a meanderable body
of water).

CORNER ACCESSORIES.

816. The purpose of a corner accessory is to evidence the position
of the original monument. A connection is made from the monu-
ment to fixed natural or artificial objects in its immediate vicinity,
whereby the former may be relocated from the latter, thus in the
event of the destruction or removal of the corner monument, its
original position may be identified as long as any part of the acces-
gories 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, preference being
given to the same in the order of their permanency conditional
upon the character of the ground in the locality of the monument,
as follows:

(a) Bearing trees, or other natural objects such as notable cliffs
and boulders; permanent improvements; and memorials; () mound
of stone; and (c) pits. i

817. The surveyor can not 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 legal corners established in his survey, and where
the usual accessories, or combinations of the same, can not be em-
ployed, such other means should be adopted as will best serve the
purpose.

318. The accessories for witness corners will be the same as though
the corner were established at its true point, but the marks upon
the béaring trees or other objects will be preceded by the letters
“W C”, and the section number will be made to agree with the
section in which the tree or object actually stands.

55465°—~—19——17
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BEARING TREES, BEARING OBJECTS, AND MEMORIALS.

319. Bearing trees, or other natural objects, are to be selected
for marking when the same are available within a distance of 5
chains of the corner monument, and where the regular quota, here-
inafter described, is not available, one tree or object will be marked
in each section affording such accessory. A full description of the
tree or object will be embodied in the field notes as a part of the
record of the corner monument. One tree, or object, will be marked
in each section cornering at the monument, when available, and the
true course and horizontal ‘distance from the exact corner point to
the center vertical axis of the tree at its root crown, or to the cross
(X). upon; a_marked object,. will be carefully determined and
recorded with the description of the tree, or object, and its marks.
The species of-a tree and its diameter, at breast height, will be
recorded; and, in the case of a cliff or bowlder, the description will
embrace such essential details as may be necessary to serve for its
ready.identification.

820. The marks upon a bearing, tree will be made upon the-side
facing the corner and will bescribed in the manner already outlined
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
willinclude 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.

821. There is a great difference in the longevity of trees, and in-
theirrateof decay, etc.; 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 6 to 8 inches
indiameter,.of the most hardy species, favorably located, are to be
preferred for marking. Trees less than 4 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 less than 4 inches in diameter,
if mo, better trees are available, will be marked with the letters
“B T” only. 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
jdentify two or more stumps after all evidence of the marks has
disappeared.
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822. 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.

323. A cross (X) and the letters ‘B O” and the section number
will be chiseled into a bearing object, if it is of rock formation,
and the record should be such as to enable another surveyor to
determine where the marks will be found.

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.

825. In every case where it is impossible to make a single connec-
tion to a bearing tree or other bearing object, as above described,
and where a mound of stone or pits are impracticable, a suitable
memorial will be deposited at the base of the monument. A memo-
rial may consist of any durable article which will serve to identify
the location of the corner in case the monument is destroyed. Such
articles as glassware, stoneware, a marked (X) stone, a charred
stake, a quart of charcoal, or pieces of metal will constitute a suit-
able memorial. . A full description of such articles will be embodied
in the field notes wherever they are employed as a corner accessory.

MOUND OF STONE.

826. Where native stone is available and thé surface of the
ground is favorable, a mound of stone will be employed as an ac-
cessory to a corner monument, provided that a full quota of trees or
other bearing objects can not be utilized. ' A mound of stone erected
as a corner accessory will be built as stably as possible, will consist
of not fewer than five stones, and will be not less than 2 feet
base and 1% feet high. In stony ground the size of the mound will
be sufficiently increased to make it/ conspicuous. The position of
the mound will be as shown in the schedule bereinafter stated, and
the nearest point on its base will be separated about 6 inches distant
from the monument. The field notes will show the size and posi-
tion of the mound.
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827. Where it is necessary to support a monument in a stone
mound, no additional mound will be employed as an accessory; and,
if bearing trees or other objects are not available, a marked (X)
stone or other memorial will be deposited at the base of the monu-
;ment. :
: PITS,

828. 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 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
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.

829. 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 it 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 inter-
est of simplicity) from that set forth in earlier editions of the Manual.

ARRANGEMENT AND MARKING OF CORNER ACCESSORIES.

330. Standard township corners.
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
T25NRI1SES31SCBT.

Mound of stone, north of corner. ]
Three pits, one each on line north, east and west.
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831. Closing township corners. [ t
Closing section corners.

Two bearing trees, one in each section to the right and left of the
closing line, each marked “C C” and the township, range and
section; as :

T24NRISES6CCBT.

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.

832. Corners common to Sfovr townships.

Four bearing trees, one in each section, each ‘marked with the
township, range and section; as S

T22NR17ES1BT.

Mound of stone, south of corner. .y

Four pits, one each on line north, east, south and west. :

8383. Corners common to two townsths only.

Two bearing trees, one in each section cornering at the monument,
each marked with the township, range and section; as

T2NR7WS1BT. 1

Mound of stone, on the line between ‘the two townships cormering
at the monument.

Three pits, one 'each on the three lines connecting’ at the
monument.

334. Corners referring to one tounship only.
* Two bearing trees, both in the township cornenng atthe menument,
each marked with the township, range and séction; as

T 23N R'19 WS'36 BT.

Mound of stone, in the township cornering at the monument, ‘at
45° from cardinal direction at the monument. >
Two pits, one each on the two lines connecting at the monument.
835. Corners common to four sections.
Four bearing trees, one in each section, each marked with the
township, range and section; as

T26 NR17TES35BT.

Mound of stone, west of corner.

Four pits, one in each section northeast, southeast, southwest and
northwest.

836. 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

TI4SR17ES12BT.
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Mound of stone, on the line between the two sections cornering at
the monument.

Two pits, one in each section at 45° from cardinal direction at the
monument.

887. 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

T27NR16WS17BT.

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.

338. Standard quarter-section corners.

Two bearing trees, both north of the standard parallel, each marked
€1” and ‘S C” and the section; as

$S36SCBT.

Mound of stone, north of corner.

Two pits, one each on line east and west.

339. Quarter-section corners of mazimum controt.

Two bearing trees, one in each section, each marked ‘“}” and the
section; as

|

1816BT.

Mound of stone: (a) On a meridional line, west of corner; and,
(b) on a latitudinal line, north of corner.

Two pits, one in each direction on the line passing through the
monument.

840. Quarter-section corners of mintmum control.

Two bearing trees, both in the particular section which is con-
cerned, each marked ¢‘}” and the section; as

31S7BT.

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 passmg through the
monument.

841. 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 (d) on all other lines, one in each section
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to the right and left of the line; all marked ‘“M G” and with the
township, range and section; as . s

T25NRI4ES32MCBT.

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.

842. The interior quarter-section and all sizteenth-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:

Two pits, in a cardinal direction from the monument, as shown
(with symbol ‘0 ’) in the following diagram:
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1 348, Sizteenth-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 ‘‘{%’’ and the section; as

EENE
1
el

Key

N&S18BT,

r—-w—-—-—-z

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 auziliary meander corners.

. Two bearing trees, each marked “SM C” or ““A M C,’’ as the case
may be, and the section; as
S14SMCBT,or
S14AMCBT.
‘Mound of stone, on the opposite side of the monument from the
* meanderable body of water.
iTwo pits, one 3 feet and one 6 feet distant, on ‘the opposite side of
the monument from the meanderable body of water.
845, Closing subdivision-of-section corners.
\Two bearing trees, both in the particular section which is con-
cemed each marked ‘‘C C”” and the section; as
S9CCBT.

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.

846. 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,
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or both, also the initials or abbreviation of the State, reservation,
grant, private claim or public land, as appropriate; as
AP2TR387BT,and *
APS14BT (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 S+ate,
reservation, grant or private claim.

‘Two pits, one in each direction on the lines intersecting at the
monument. L :

847. Intermediate corners along irreqular 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 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

47M COLO BT, and

47M 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 State, reservation, grant or private claim.

Two pits, one in each direction on the boundary.
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CHAPTER V.
RESTORATION OF LOST CORNERS.

IDENTIFICATION OF EXISTENT CORNERS.

848. 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
originally established in the execution of the United States rec-
tangularsurveys.

All surveyors, whether employed by the United States or not,
are cautioned to note the difference between the regulations per-
taining 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
United ‘States surveyor to identify the initial lines of his group and
to replace all lost corners thereof. On the other hand in the sub-
division 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 as well as United States surveyors are constantly called upon
to search for existing evidence of original monuments, and in this
work the surveyors 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
subject matter of this chapter. The term ‘‘corner” is employed
to denote a point determined by the surveying process, whereas the
““monument” is the physical structure erected for the purpose of

marking the corner point upon the earth’s surface.
259
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350. An existent corner is one whose position can be identified
by comparing the evidence of the monument or its accessories on
the ground, with the record contained in the field notes of the
original survey, or where the point can be determined otherwise
by suitable testimony. -

851. 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 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 ultimately control the relocation
in case the corner in question should be declared lost.

'/852. The character of the original monument is the most impor-
‘tant factor in regard to its lasting qualities, and the search should
be directed to an examination for such evidence ag 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 mnecessary in
direct proportion to the uncertainty of any feature regarding whose
guthenticity 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
vof the original monument, its local site conditions, and the lapse of
time, and all such factors should be taken into consideration when
comparing the particular evidence in question with the description
contained in the original field notes.

858. If the evidence of the monument is not fully conclusive, the
surveyor’s attention will be directed at once to the record acces-
sories; this step is so generally necessary that it should be considered
simultaneously 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
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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 may reasonably be expected.

354. In case of material disagreement between the particular
evidence in question and the record calls, the process of elimina-
tion 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 dlmens:xons of the monument in evidence
should not be widely different from the record;

(b) The markings in evidence should not be inconsistent with
the record; and,

(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 surveyor 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.

355. A corner will not be considered as lost if its position can be
recovered satisfactorily by means of the testimony and acts of wit-
nesses 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 surveyor should
make use of all such sources of information. The matter of boundary
disputes should be carefully looked into in so far as adverse claimants
may base their contentions upon evidence 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
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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 orig-
inal 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 propertion 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 motes, 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 surveyor to bear in mind that conflicting
statements and contrary views of interested parties are fruitful of
boundary disputes.

856. 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.
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 surveyor will pro-
ceed directly to the re-determination of the true corner position,
adopting the particular methods which should govern the case in
hand. Should it become necessary to restore a lost witness corner
the general principles hereinafter outlined will be observed.

857. 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 line,
when identified as the original line, may sometimes help to fix a
meridional line for departure, or alatitudinal line for latitude. Other

allsof the originalfield notesin relation to variousitems of topogra-
phy may assist materiallyin the recovery of the locus of the original
survey. Such evidence may be developed in an infinite variety.
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It may be only such as to disprove other questionable features,
or it may guide the survéyor 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
largely by the evidences nearest the particular corner in question,
giving the greatest weight to those features which agree most har-
moniously with the record, and to such items as afford definite con-
nection. A careful analysis will generally reveal the merits of au-
thentic evidences as opposed to unreliable features bearing re-
semblance to the calls of the field notes, and in this matter the sur-
veyor 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 codrdinate by itself, and
finally as to the necessity for applying the rules for'proportionate
measurement where the distance between the identified pointsis
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 original traces
or from other reliable evidence relating to the position of the original
monument, and whose restoration on the earth’s surface can be
accomplished only by means of a suitable surveyu;g process with
reference to mter-dependent existent corners.

861. The surveyor ig 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
involved in controversies concerning lost land boundaries, enters
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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 surveyor is required to
determine which calls will be given major control, and those which
must be subordinated.

862. The preliminary retracements 'furnish the only possible
means of arriving at the discrepancies of the courses and distances
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.

8363. As has been observed, existing original corners can not be
disturbed; consequently discrepancies between the new and the
original record measurements of the line connecting the identified
original corners will not in any manner affect measurements beyond
said corners, but the differences will be distributed proportionally
within the several intervals embraced in the line in question.

— 864. A proportionate measurement is one resulting in concordant
relation between all parts of an original record length of a line and
the new distances given to the several parts as determined by the
re-measurement, in such a manner that the new distance given to
any part of a line shall bear the same relation to the original record
length of that part of the line as the new measurement of the whole
line bears to the original record length of said line. The ordinary
field problem consists in distributing the excess or deficiency
determined by comparing the new measurement with the record
distance between two original existent monuments, in such a man-
ner that the amount of excess or deficiency 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 the record length of
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each interval the sum of the adjusted lengths will equal the new
measurement of the whole distance.

865, The term ‘‘single proportionate measurement’’ is applied
to a new measurement made on a single line to determine the posi-
tion thereon forrestoring a lost corner, for example, a quarter-section
corner on line between two original section corners. The term
“double proportionate measurement’’ is employed to signify new
measurements made between four original corners on intersecting
meridional and latitudinal lines for the purpose of fixing by relation
to both lines the position of a lost corner, for example, a corner
common to four sections or four townships.

866. 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
surveyor will generally be required to adopt a proportionate
measurement based upon a process conforming to the method
followed in the original survey. The principle of the preponder-
ance of one line over another of less importance is recognized, in
order to determine upon the procedure relative to single or double
proportionate measurement, or other rule to be adopted in order
to limit the control and at the same time harmonize the restorative
process with the method followed in the original survey. Thus
standard parallels will be given precedence over other township
exteriors, and the latter will be given precedence over subdivisional
lines; gection corners will be relocated before the position of lost
quarter-section corners can be determined.

PRIMARY METHODS.
(a) DOUBLE PROPORTIONATE MEASUREMENT.

867. Themethod of double proportionate measurementisgenerally
applicable to the restoration of lost corners of four townships and of
lost interior corners of four sections. It is the best example of the
basic principle that monuments north and south should control the
latitudinal position of a lost corner, and monuments east and west
should control the longitudinal position of a lost corner, upon a plan
by which the influence of one identified original corner is balanced
by the control of a corresponding 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.

55465°—19—-18
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868. In order to restore a lost corner of four townships where all
of the connecting lines have been established in the field, a retrace-
ment will first be made between the nearest identified original
corners on the meridional line, north and south of the missing corner,
upon which line a temporary stake will be placed at the proper
proportionate distance. This will determine the latitude of the
lost corner. Next, the nearest original corners on the latitudinal line
will be connected and a point thereon will be determined by pro-
portionate measurement in a similar manner, independent of the
temporary stake on the meridional line. The second temporary
point will determine the position of the lost corner in departure.
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 the two lines last run
" il ‘define the position of the restored corner by ‘‘double propor-
tionate measurement.’’

869. In the accompanying diagram the points ‘“A,” “B,” “C”
and “D” (on the small scale) represent four original corners; and
(on the large scale) “E” represents the proportional point between
“A” and “B,” for measurement only, and similarly, ‘‘F” represents
the proportional point between ““C” and “D.” The point “X”
satisfies the first control for latitude, and the second control for
departure.

870. The plan of double proportionate measurement will be
applied to the restoration of lost corners of four townships where all
the lines therefrom have been run. Lost interior corners of 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 cornerson the townshipexteriors.
When a number of corners of four sections, and the intermediate
quarter-section corners, are missing on all sides of the one sought
10 be reestablished, the entire distance must, of course, be re-
measured between the nearest identified corners both north and
south, and east and west, in accordance with the rule laid down.

871. Where one of the connecting lines has not been established
in one direction from the missing’ township or section corner, the
record distance to the nearest identified corner in the opposite
direction will prevail in lieu of a proportional measurement. Thus,
in the same diagram; if the latitudinal line in the direction of
the point‘‘D” had not been established in the original survey, the'
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position of the point “T” in departure would have been deter-
mined by reference to therecord distance from the point *C,’’
whereupon the point ‘“X” would have been fixed by cardinal offsets
from the points “E” and “F” as before. Again, in rare instances,
where the intersecting lines have been originally established in
only two of the directions, the record distances to the nearest iden-
tified corners on the two lines will control the position of the tem-
porary points from which the cardinal offsets are to be made.

~ (b) SINGLE PROPORTIONATE MEASUREMENT,

872. The method of single proportionate measurement is gener-
ally 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.

373. In order to restore a lost corner by single proportionate
measurement, a retracement will be made connecting the nearest
identified regular corners upon the particular line in question, the
record of which shows no deflection in alinement; a temporary stake
will be set on the preliminary line at the original record distance;
the total distance will be measured, also the falling at the objective
corner. The temporary stake will then be adjusted for the pro-
portional part of the difference between the record distance and
the re-measurement, also for its proportional part of the falling.
Thus the adjusted position will fall on the true line connecting the
nearest identified corners, and at the same proportional interval
from either as existed in the original survey. Any number of lost
points, on the same straight line, may be recovered by the same
plan, setting a temporary corner for each at the time when making
the retracement. On the retracement of an east and west line, the
proper adjustments to secure the true latitudinal curve should be
ailowed for as outlined in Chapter II.

874. Lost standard corners will be restored to their original
positions on & base line, standard parallel or correction line, by
single proportionate measurement on the line connecting the nearest
identified original standard corners on opposite sides of the missing
corner or corners, asthe case may be. The term ‘‘original standard
corners” will be understood to designate standard township, section
and quarter-pectlon corners, meander corners termmatlng the
survey of a standard parallel, and closing corners in those cases
where they were originally established during the survey of a
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standard parallel as corners from which to project surveys to the
south. No other meander or closing corners along a standard par-
_allel will control the restoration of lost standard corners.

875. All lost exterior section and quarter-section corners will be
restored by single proportionate measurement between the nearest
jdentified corners on opposite sides of the missing corner, north and
south on a meridional line, or east and west on a latitudinal 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 irregularities in alinement between the ter-
minal township corners. (See sec. 380.)

876. All lost interior quarter-section corners will be restored by
single proportionate measurement between the adjoining section
corners, after the section corners have been identified or relocated.

877. Lost meander corners, originally established on a line pro-
jected across the meanderable body of water and marked upon the
opposite side thereof will be relocated by single proportionate
measurement, after the section or quarter-section corners upon the
opposite sides of the missing meander corner have been duly
identified or relocated.

() CLOSING CORNERS.

378. In order to reestablish a lost closing corner on a standard
perallel or other controlling. boundary, the line closed upon will be
retraced, beginning at the corner on the standard parallel or other
controlling boundary from which the connecting measurement was
originally made, itself properly identified or relocated; a temporary
stake will be set at the original record connecting distance, and the
total distance and falling will be noted at the next regular corner on
the opposite side of the missing closing corner. . Thefemporary stake
will then be adjusted as in single proportionate measurement, i. e.,
the closing corner will be reestablished on the true line closed upon
at the proper proportional interval between the nearest regular cor-
ners to the right and left. ~An identified closing corner not actually
located in the line closed upon will determine the direction of the
closing line, but not its legal terminus; the latter is bound to fal at
the true point of intersection of the two lines. The position of a
restored closing corner should be verified by a retracement of the
line. whose terminus it was designed to mark. (See sec. 384.)
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SECONDARY METHODS.

879. The following methods involve special applications of the
general rules of proportionate measurement for adoption in unusual
cases where the ordinary control can not be obtained.

(d) BROKEN BOUNDARIES.

880. In order to restore one or more lost corners on a broken or
irregular township exterior, or other controlling boundary, a retrace-

Closing error of
retracement

B

4 Fig.68.

ment will be initiated at the nearest identified original corner on the
boundary, following out the record courses and distances, or the
equivalent by calculation, setting a temporary stake for each missing
corner or angle point, until the next identified original corner has
been attained, where a final temporary stake will be set at the record
distance of the last course of theretracement. The closing error will
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then be determined for course and distance from the last temporary
stake to the objective original corner, and each temporary stake will
thereafter be adjusted on the bearing of the closing error, a propor-
tional amount of the length of the closing error equal to the propor-
tional part of the distance of the temporary stake from the initial
point of the retracement, i. e., the particular distance to be measured
at-any temporary stake, on the bearing of the closing error, is to the
whole length of the closing error as the distance of the particular
temporary stake from the initial original corner is to the whole
length of the retracement. Angle points and intermediate corners

will be treated alike.
(t) ORIGINAL CONTROL.

381. Where a line has been terminated with reference to a meas-
urement in one direction only, a lost corner will be restored by refer-
ence to the original record bearing and distance; counting from the
nearest regular corner, the latter having been duly identified or
restored. Examples will be found where lines have been discon-
tinued at the intersection with large meanderable bodies. of
water, or at the border of what was classed as impassable ground.

(f) INDEX CORRECTION FOR AVERAGE ERROR IN ALINEMENT AND MEASUREMENT.

382, In unusual 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 variation in alinement, characterizing
the original survey, it will be proper to make allowance for such
average ‘‘index error.” Such adjustment will be taken care of
automatically in all cases where there exists a suitable basis for
proportional measurement, but in any case where such control is
lacking, an index error, if conclusive, will be made use of by
applying the determined correction to the record courses and dis-
tances. If there is not conclusive evidence of such index error the
record courses and distances will be allowed to prevail.

SPECIAL' CASES.

883. Examples of special cases could be set forth almost indefi-
nitely, but without bringing out important new principles. In
some respects the treatment of a large number of special examples
would serve to confuse the subject by seeming to warrant certain
procedure as a general rule which in fact would not be proper were
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the 'conditions altered; the latter occur in an infinite variety.
Ample provision has been made for the United States surveyor to
call upon a supervising officer for advice in difficult cases, and where
necessary the latter is in a position to direct the surveyor to proceed
with additional retracements in order to develop any data which
should be considered before a decision is rendered. ' In trials of
boundary suits the court will generally consider many additioual
questions besides those concerned in the technical problem, and in
such instances an academic study of hypothetical examples might
serve to cloud the real issue. It would be beyond the purpose of
the Manual to invade the realm of non-technical matter while
attempting to lay down the general principles involved in the
restoration of lost corners.

884. In all unusual instances, where on account of manifest
distortion, or through ' extensive obliteration resulting in great
distances between existing corners,; or otherwise, the evidence of a
survey can not be identified with sufficient certainty to enable a
suitable application of the various rules relating to the restoration
of lost 'corners, the surveyor is again advised to report the facts to
the proper supervising officer. In the same connection, it is impor-
tant that the surveyor should not be confused with the notion that
he is required, or has any authority, to revert to the principles
relating to the establishment of original surveys as an alternative in
such cases. The methods incident to resurveys; as outlined in the
next chapter, are designed 'to rectify unusual conditions which are
widely at variance with the representations of the original approved
plat and field notes. Y
(9) MISCELLANEOUS CONTROL.

885. It will be apparent to the experienced surveyor that actual
field conditions do not always furnish the basis for the application
of the rules heretofore set forth, and while developing a consistent
theory to apply in unusunal cases the surveyor will at once note that
the first consideration relates to a more or less arbitrary limitation of
the control to be adopted. - No definiterule can be laid down, except
that there should be the closest possible adherence tothe basic exam-
ples already given in the text. The methods heretofore outlined
readily harmonize surveying practice with legal decisions concerning
the restoration of lost corners. A strictly consistent mathematical
recovery of a lost corner, not based upon any known legal decision,
may be obtained by allowing every known corner within a reason-



RESTORATION OF LOST CORNERS, 273

able radius to enter into the control, each original corner being given
a weight inversely proportional to its distance from the missing
corner, and though the principle will lead to the same result in
come cases as by the methods previously outlined, it will yield a
slightly different result under other regular circumstances. For the
latter reason a miscellaneous control based upon such mathematical
principle will not be adopted except as specifically approved by
the proper supervising officer after due consideration of the facts
in regard to the applicability of the method in the absence of a
guitable basis for a regular control.

886. Having thus safeguarded the application of the following
method, the problem in the field will be developed by a series of re-
tracements 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 dis-
tance from the accepted corner to which it is related.  The several
temporary 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 balanceéd position which
can not be materially changed by the introduction of other known
points of control.
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CHAPTER VI.
RESURVEYS.
JURISDICTION.

887. 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
considerations 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.

388. Asalready noted in Chapter I, the Congress has authorized,
under certain conditions, the re-marking of the public-land surveys.
The acts relating to resurveys contemplate a restoration of the
corners of the original surveys in those townships, (¢) where the
obliteration of the original monuments or other evidence of the
position of the original lines has become so advanced that the land
boundaries can be identified only through extensive retracements
by experienced surveyors of the General Land Office, and () where
field investigation shows that conditions on the ground disagree with
the representations upon the original plat to such an extent that the
land boundaries can not be identified positively ifi one position to
the exclusion of another, in consequence of which said plat should
be disqualified as a basis for the disposal of remaining public land.
While the Government may initiate a resurvey in the absence of any
application therefor, as a rule, the steps preliminary to the authori-
zation of a resurvey will be taken by the settlers interested in the
land, through a showing of facts made to the proper supervising
officer, setting forth the existing conditions with respect to the
original survey and status of ownership of the lands.!

1See current circular governing applications for resurveys.

275
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889. The surveyor 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
cagse 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, and 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.

890. The General Land Office 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
by the General Land Office to guide its surveyors in the re-marking
of lines of previous surveys are intended to be in harmony with the
leading court decisions in suits involving boundary disputes, and
said rules should be so applied that the courts may, with security,
accept without question the boundaries thus determined in so far
as they represent the true location of a particular tract intended
to be conveyed by a patent. Government resurveys are under-
taken only by ‘duly appointed United States surveyors acting
under the authority of the Secretary of the Interior through the
Commissioner of the General Land Office and under the immediate
direction of subordinate supervising officers.

LIMIT OF AUTHORITY OF SURVEYOR.

891. There are certain questions of a purely judicial nature
involved 'in resurveys of every description where the decision is
to be reserved to the General Land Office, particularly those relating
to compliance with the general laws in respect to the entry of the
publi¢ ' lands. Thus it comes within the realm of the surveying
process to identify and mark out on the ground the various legal
subdivisions of the public domain, but it is a judicial question
beyond the function of the surveyor to determine whether or not
specified lands have been duly earned under a certain entry. In
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the resurvey process the surveyor will determine whether or not
lands embraced within a claim ‘as occupied have been correctly
related in position to the original survey, and where the demon-
stration of this question may be one involving more or less uncer-
tainty, as is often the case, the surveyor will examine and weigh
the evidence relating strictly to the surveying problem involved,
and 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 surveyv.
The surveyor has no authority to enter into any agreements looking
to the exchange of one subdivision for another, or to bind the General
Land Office in this particular.

BONA FIDE RIGHTS OF CLAIMANTS.

392. In order to carry out the provisions of the laws relating to
resurveys, the surveyor 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 connection attention is again directed to the clause contained
in the act of March 3, 1909 (35 Stat., 845), as amended by joint
resolution approved June 25, 1910 (36 Stat., 884), which reads as
follows:

. ‘“That no such resurvey or retracement shall be so executed as to k
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).

393. It will be understood that bona fide rights are those aequired
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 surveyor 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 occupation, possession, continuous residence, value
of improvements, and 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 rights vested in both improved and unimproved lands.
In the final determination of the true position of all lands, whether1



278 MANUAL OF SURVEYING INSTRUCTIONS.

improved 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 isrigid 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 surveyor to be conformable to adjoining or near-by tracts,
where all may be held to qualify under the rule of acceptable loca-
tion.

894. The question arises whether the technical rules for the
restoration of lost corners are to be rigidly applied in all cases regard-
less of their effect on the position of improvements, or whether the
position of all 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. Somewhere between them, therefore, will
be found the basis for a determination of the question as to when
lands so improved are to be regarded 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 surveyor; it is upon his judgment primarily
that the responsibility for a determination of the question of good
faith as to LocATION must rest. The surveyor may err in his judg-
ment, but once this question is settled to his own satisfaction, the
procedure to be adopted in the matter of the application of resurvey
rules is no longer in doubt.

895. It may be held generally that an entryman has located his
lands in good faith (referred to herein as an acceptable location of
a 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 ascer-
tainment of his boundaries, as might be expected in the exercise of
ordinary intelligence under existing ‘conditions. From. this it
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follows that lack of good faith is not necessarily chargeable against
an entryman if he has not located himself according to a rigid appli-
cation of the rules laid down for the restoration of lost corners, where
complicated conditions involve a double set of corners, both of
which may be regarded as authentic; or where the nearest existing
corners in one or more directions are an excessive distance away;
or are improperly related to each other 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 by the surveyor of its influence in the matter of
the acceptability of such locations under the foregoing rule of good
faith.

8396. 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 ag possible in
the interest of equal fairness to all and of simplicity of resurvey.
Even in the presence of extensive obliteration of the original survey,
a claim which manifestly shows that no attempt has been made to
relate the same in some manner to the original survey can not gener-
ally be regarded as having been located in good faith.

397. Cases will arise where it may be evident that lands have
been occurIED 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 can not apply, and relief must be sought
through the process of amended entry (act of Feb. 24, 1909, 35 Stat.,
645) to cover the legal subdivisions actually earned, rather than
through an alteration of the position of established lines. Thisis a
process of adjudication rather than one of resurvey. A case of this
character should be regarded as an ‘‘erroneous location,”” in pre.
cisely the same manner as would obtain if the question of resurvey
were not involved. G

898. The recognition of the principle that the restoration of a cor-
ner may be influenced by the position of one or more existing claims
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warrants, within suitable limits, the acceptance of an unofficial deter-
mination, in the manner hereinafter stated, 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.

899. There are two recognized methods of making Government
resurveys—DEPENDENT and INDEPENDENT-—and in general, any
field condition that may arise can be taken care of by the applica-
tion of oné or the other method.

400. The DEPENDENT resurvey is designed to accomplish a restora-
‘tion of what purports to be'the original conditions according to the
record; based, fifst; 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 methodsadapted to con-
siderablé areas of public land where the original survey can not 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 a conformation of individual tracts
to the subdivisions of the resurvey if suitable. These processes are
found to be more flexible in their application than those of the
strictly dependent type, but at the same time they duly protect all
private rights which have been acquired upon the basis of the origi-
nalapproved survey and plat.  Withrespect to the identification and
description of the public lands involved, the independent type of re-
survey supersedes the record of the original survey. This will be
made apparent by the representations of the approved resurvey plat.

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
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to be regarded as-a demonstration, on the part of the General Land
Office, in the 'light of the best evidence available, by means of the
legal subdivisions of a dependent resurvey or by the tract segrega-
tions of an independent resurvey, of the original position of entered
or patented legal subdivisions or lots included in the original de-
scription when related to the original survey.

403. The necessity for both types of resurvey is encountered in
the field; the applicability of'one or the other method is altogether
a question depending upon local conditions, such as extent of oblit-
eration; relative harmony of identified and recognized points, and
extent of disposals by the Government. These questionsshould not
be judged in advance of a comprehensive field examination.

404. In general, a preliminary field examination will be required
and authorized before the resurvey is to be undertaken.

The purpose of an' investigation is to develop the extent of the
obliteration of the evidence of the original survey, the extent of
settlement, the agricultural possibilities of the township, and any
other information from which the necessity for, and the propriety
of, the proposed resurvey may be determined.

A second purpose to be subserved by an investigation is the
assembling of sufficient data concerning the local survey conditions
to permit a proper type selection; and with this end in view the
examining surveyor should investigate and report upon the relative
position of the evidence of the original survey; the degree to which
identified points are concordant or the reverse; the extent to which
corners discordantly related have been made the basis of claim
locations; the presence of one or more systems of unofficial local
surveys which have been recognized and adopted by the claimants
in fixing their boundaries; and the degree to Whlch conflicts are to
be anticipated.

405. The proper supervising officer will prov1de the examining
surveyor“with suitable instructions in which the scope of the exam-
ination will be indicated and attention will be directed to the par-
ticular considerations which should receive attention. During the
progress of the investigation interested parties should be informed,
upon inquiry, that the work then in progress is merely preliminary
and only for the purpose of gaining information, and that if resurvey
is ultimately authorized all valid rights will then be protected as
required by law.

55465°—19—19
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406. The examiner’s report should contain definite recommenda-
tions concerning the type of resurvey which, in hisjudgment, should
properly be applied in view of the prevailing conditions.

When the report and recommendations of the examiner, with
those of the supervising officer, have been received by the General
Land Office, the situation will be considered, the appropriate type
of resurvey will bie determined, and the preparation of special instruc-
tions for the resurvey will be authorized.

407. The special instructions, which must of necessity be based
largely upon the data provided by the examination, will indicate
the scope of the work, and, regardless of whether the lands are to be
dependently or independently resurveyed, the necessary retrace-
ments will be made to fix the outboundaries of the township or
townships designated for resurvey. With the limiting boundaries
once restored so as to protect under the rules already laid down all
existing property rights in the adjoining lands not to be resurveyed,
the plan of procedure outlined in the instructions should, under
the known conditions, produce satisfactory results, and adherence
thereto is expected. If, however, unforeseen conditions are devel-
oped in the progress of the resurvey, which may apparently render
the special instructions inapplicable or likely to produce incon-
sistent or unsatisfactory results, it is of the utmost importance that
the surveyor suspend further monumentation of the corners; and
after such additional retracement and investigation as may be neces-
sary to a proper understanding of the situation, he should report the
facts to the proper supervising officer and request further instructions.

408. During the progress of the resurvey the surveyor should
advise all interested parties, as occasion and opportunity may offer,
that the resurvey is not to be regarded as official or binding upon the
United States until duly accepted by the Commissioner of the Gen-
eral Land Office, as provided by law, and that no contemplated
alteration 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)
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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 of the same.

410. In theory the process consists, first, in the retracement and
reestablishment of the township exteriors; second, the identifica-
tion of all existing interior corners or other evidence of the original
survey; and, third, the determination, by a suitable field procedure,
of the theoretlcal position of all missing corners as indicated by a
proper interpretation of the record of the original survey in relation
to such existing evidence. ' The actual field process may be varied
to some extent in order to meet local conditions or to suit the con-
venience of the surveyor, but the theoretical position finally deter-
mined must be identical with that which would result from a strict
application of the principles of proportional measurement. When
this has been accomplished, attention should be given to the adop-
tion, as an integral part of the resurvey system, of corner positions
determined by the evidences, of whatever character, of acceptable
claim location. Such evidences may, for convenience, be termed
“‘collateral evidence” as distinguished from direct evidence of the
original survey.

411. The process of the dependent resurvey differs in scope from
that applied for the usual restoration of one or more lost corners,
and 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 sur-
veyor 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 proportlon’ate 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 determined to be acceptably located under the same rule of good
faith, and will be marked only as temporary points until this ques-
tion has been disposed of.
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412. A complete retracement of the original survey will be made,
based upon known corners, it being assumed that the exterior
boundaries of the township to be resurveyed have been identified
or restored 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 retracement, usually beginning with the meridional
lines between known corners, followed by the latitudinal lines

"between known corners, noting the intersections with the said
meridional lines.  The surveyor must be supplied with a complete
copy of the record of the ériginal survey, and temporary reference
stakes may be set on the meridional lines at the record measurement
for each corner point.

418. The preliminary retracements will lead at once to the
identification of the prominent evidence of the original survey and
a trial calculation will follow as to the latitudinal and longitudina)
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 evi-
dence of the original survey. At this stage of his field work the
surveyor should exhaust every possible means of identifying the
existent corners of the original survey. In many respects, the
surveyor will be compelled to devise his own methods as the actual
field conditions seem to warrant, and his skill and judgment as a
surveyor should function to the fullest capacity.

If additional evidences of the original survey are found by this
process, a second trial calculation will then be made as to the lati.
tudinal and longitudinal adjustments of the temporary reference
stakes previously set at each missing corner, to suit the proportional
measurements derived from all of the known original corners—
exactly as outlined in Chapter V. These calculated adjustments
will determine the theoretical location of each lost corner with
reference to all 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
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survey and the record thereof have served their primary purpose.
Then, and not until that time, is the surveyor 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 be properly protected by the
dependent plan of resurvey. If the position of any claim‘fails to
qualify under the said 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 relation to each other and to the identified
evidences of the original survey as to receive full protection by the
dependent plan of resurvey, the surveyor may proceed with ful
assurance of the adequacy of the plan. 'Otherwise, the question of
other processes analogous to those of an independent resurvey (as
hereinafter 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 irregu-
larities in the original survey), it will be clear that the general plan

. of dependent resurvey may not afford protection to such claims;
whereupon the influence thereof must be rejected in favor of the
theoretical point previously determined by proportional measure-
ment. 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
resurvey has been combined with that of the existing original corners
previously identified, the latitudinal and longitudinal adjustments
of the temporary points on’ the meridional lines 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 corners.
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419. Many situations will arise where it will be manifest to the
surveyor that it is better to accept a position based upon local
improvements rather than to disturb satisfactory existing condi-
tions. The surveyor will endeavor to avoid disturbing the posi-
tion of locally recognized lines when such action may adversely
affect improvements, and-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 and be allowed to function on an equality
therewith. 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 posi-
tion from the regular lines of the resurvey. In this manner a flexi-
bility will be introduced in the application of a dependent resurvey,
at least to the point of protecting satisfactory local adjustments.

418. The surveyor should fully understand that the field of
influence to be exercised by any acceptable location must be re-
stricted 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 indiscriminate adoption of property corners, all or a
portion of which fail to qualify asaforestated, noris it to be assumed
that because a large number or all of the claims within a township
are consistently related among themselves to an arbitrary system
of control which is itself altogether unrelated to the original survey,
that such system is necessarily to be adopted as the basis of a depend-
ent resurvey.

419. Thus where bona fide rights, as defined hereinbefore, are
found. to have been definitely 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
surveyor engaged in the resurvey will reject the theoretical point
determined by the primary controlin favor of a near-by duly qualified
corresponding point, the position of which has been agreed upon
by the adjoining property owners. Such a point may be recognized
as. the best.available evidence of the true position for a corner; as
previously stated its acceptance by the surveyor confers upon the
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point a significance similar to that of an original corner position,
and thus avoids disturbing satisfactory local adjustments. Chief
among this class of evidence forming the basis of the recognized
position of land boundaries are recorded monuments established
by local surveyors, duly agreed upon by the interested property
owners; the position of boundary fences determined in the same
manner; and the center lines of public roads and drainage or irriga-
tion ditches, when intended to be located on the subdivisional
lines of the public-land surveys. The local record in these cases,
when available, may furnish the connecting link to the previously
identified evidence of the original survey, but even in the absence’
of a conclusive record, if a point qualifies as above outlined, the
presumption is strong that its position bears satisfactory relation
to the original survey and that its correctness can not be success-
fully disputed. Points which actually qualify as aforestated may
be accepted as the best available evidence of the true, position of
the original survey.

420. The technical record of the resurvey should clearly set
forth the reasons for the acceptance of a local point, where unofficial
determinations of the above character do not represent actual marks
of the original survey.  Such recognized and acceptable local marks
will be preserved, and described in the record of the resurvey. New
monuments will be established as required, in addition to, but with-
out destroying the evidence of, the local marks.

REESTABLISHMENT OF TRUE LINES.

421. Asalready stated, with the combinéd control of the depend-
ent resurvey fully determined, the final calculation will be made
as to the latitudinal and Jongitudinal adjustments of the temporary
reference stakes previously set at the remaining missing corners.
The final calculations will be based upon'the known pogition of the
corners of the general control as thus adopted, upon‘the plan of
proportionate measurement, all 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 sur-
vey and those derived in the retracement. Thus the true lines of
the dependent resurvey are finally determined through the influ-
ence exercised by the identified existent corners of the original
survey and every other identified call of the record thereof, and
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such other collateral evidence of the position of recognized land
boundaries as may be properly adopted for such influence.
422, The field procedure incident to the running and measure-
ment of the true lines of the dependent resurvey will conform to
the requirements 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 resur-
vey will be broadened to show the relationship between the original
survey and its reestablished lines.

" 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 origi-
nal 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;

(¢) 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 original survey, in the absence
of evidence of the'monument or its accessories; and, :

(f) 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 corner.

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 ‘a8 appropriate, explana-~
tory of the méthod of control adopted in the restoration of one or
more lost corners.

425. In addition to the usual showing of data upon the townshlp
plat, the plat of a dependent resurvey should carry a memorandum
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for the information of the public to the effect (modified as special
circumstances may warrant) that—

““This (iplat of the resurvey of T.——, R. ——, delineates a retrace-
ment and reestablishment of the lines of the original survey as shown
upon the plat approved (date), in their true original position
according to the best available evidence of the position of the orig-
inal corners; all differences between the measurements shown on
the original plat and those derived in the retracement have been
distributed proportionally between accepted corners in accordance
with surveying rules; reference will be made to the original plat
for the showing of the areas and more detailed descriptions of the
various smaller subdivisions.”

ADDITIONAL METHODS FOR THE PROTECTION OF BONA FIDE RIGHTS.

426. Referring to those cases where locally recognized corners
are discordantly related to the original survey, it will be apparent
that such corners can be employed only for the determination of
the boundaries of claims where bona fide rights have been duly
established which would otherwise be impaired by the resurvey
under the same rule of good faith in the matter of location. ~Caseés
of this kind are found to be decidedly exceptional in the townships
where dependent resurveys have been made, and such situations will
be given particular attention in the preliminary examination and
special instructions. In those instances when encountered, provi-
gion will be made in the special instructions for a ‘‘metes-and-
bounds” survey, as hereinafter outlined under the general subject
of “independent” resurveys, unless an amendment of entry in con-
formity with the lines of the resurvey will answer the particular
requirements of the situation. In either case the surveyor will
note the Manual text relating to metes-and-bounds surveys and
amendment of entries (see secs. 434 to 452, inclusive).

EXAMPLE.

427. A hypothetical example of a dependent resurvey followsin
the text, wherein a showing of typical conditions will be presented.
In this connection it will be observed that the application of the
rules for the execution of a dependent resurvey is generally made
with respect to the township as a unit. In this hypothetical case
it is presumed that a sufficient number of original corners can be
identified to enable the restoration of the township exteriors resulting
in a satisfactory closure.  Upon retracement of the interior lines,
some evidence of the original survey is developed, also certain
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recognized and acceptable corners. All claims are found to be
conformable.

The surveyor will proceed with the complete retracement of the
interior section lines. In this process he will employ instrumental
methods and make the measurements as provided in Chapter II.
He will be guided by the suggestions given in Chapter V in regard
to the search for evidence of the original survey, and beyond that
he will devise his own methods in the search as the actual field
conditions seem to warrant. Temporary reference stakes will be
set where the original corners are not at once identified (though
the use of local reference points will be unobjectionable). It will
be assumed that a single system of reference stakes has been employ-
ed, as this scheme lends itself more readily to theoretical discussion,
as well as practical utility in the field, and allows the utmost freedom
as to the order in which the retracements are made.

Having completed the reestablishment of the township exteriors
and the retracement of the interior lines, the surveyor will be con-
cerned with the two primary considerations, heretofore discussed,
which it is his duty to harmonize: First, the restoration of what the
record purports to be original conditions; and, second, the protection
of the bona fide rights of claimants in the matter of location. The
first requirment must be fulfilled with reference to the evidence
of the original survey, and the discovery and identification of actual
original corners is paramount, bearing in mind that the development
of a single additional original corner adds manifest conclusiveness
to the work. These identified points when combined with those
acceptably located constitute the general control. The second
item, which does not directly affect the technical procedure, has
been fully discussed hereinbefore.

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 dvidence of corner.

Cand D. Identified original corners.

E. Corner established by local surveyor; record shows proper application of the
method of double proportionate measurement; generally recognized as correct posi-
tion of corner; accepted on an equality with an identified original corner.

F-M, inclusive. Identified original corners.

N. Same as B. f

0. 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
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i

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; improve-
ments would be adversely affected by change of point.

U. Same as E.

Vand W, Sameas T,
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Fig.69.

X. Identified original corner.

a. Duly restored by double porportionate measurement and thereafter employed
for general control on an equality with an identified original corner.

b-n, inclusive. Theoretical true line position, duly restored by single proportionate
measurement.
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METHOD.

Aiter completing all retracements and having determined upon the
general control to be adopted, as indicated in the diagram and accom-
panying 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-1, a-J,
J-K, K-L, L-M, and M-I.

DOUBLE PROPORTIONATE MEASUREMENT.

Section corners: 1, f-N and b-F; 2, {-N and ¢-S; 3, O-P and d-X;
4,C-Q and b-F; 5, C-Qand c-S; 6, C—Q and N-U; 7, C-Qand 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—l, 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, b-X and W-j; 19,
X-M and Q-G. .

INTERIOR QUARTER-SECTION CORNERS.

All missing interior quarter-section corners by single proportionate
measurement 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 chains, 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 tempo-
rary stake; 80.82 chains, fall 44 links S. of c; record of original sur-
vey shows length of line 79.90 chains; run west from temporary stake
at 2 on similar plan; latitudinal excess c—S—-66 links=22 links per
80.00 chains.

CALCULATIONS.

The ad]ustments of the temporary sta.kes to true line position,
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BETWEEN SECTIONS 35 AND 36.

293

Dis-

Memo. Course. tance. N. S, | E. W.
Retracement f-1................. North. 80: 00748000 |.. .o luisins e g
Adjustment at 1 for meridional |........co.oif.aeennn .40 ... RN RS

excess. ) t 2
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Truelinef-1.............. s
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Adjustmentat ... ... 0l
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temporary.
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excess.
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temporary.
Retracement 2-N...c.c....oo....
Random line to N....c..........
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Adjustment from 80.00 ¢h. point
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Adjustment s;t 1 sec. cor. (mean).
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BETWEEN SECTIONS 25 AND 36.

Memo.

Dis-
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N.

Retracement b-1................
Random line to temporary stake

at 1.
Adjustment at 1 temporary to
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Adjustment at 2 temporary to
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True line C2.eceeececeieeaaeaansd

Adjustment from 80.00 ch. point
on random to ¢.
Atzjustment at 2 temporary to
Tue.

Adjustment at } sec. cor. (mean).

1.24
.62

‘THE INDEPENDENT RESURVEY.

428. An independent resurvey is an official re-subdivision of the
public lands distinct from the original survey which it is designed
to supersede. 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;
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(b) 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; and,

(¢) 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 re-
stored corners) 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 subdivisions of the public lands adjacent to said boundary.
Such outboundaries 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 outhoundary 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.

430. The outboundaries are generally selected along the locus of
the previously established township exteriors where the existing
evidence 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 inde-
pendent 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 éxamination is made with a view to maintaining the original
survey as far as consistent. ;

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



296 MANTAL OF SURVEYING INSTRUCTIONS.

extension of tract segregations (as hereinafter outlined) into a town-
ship wungrouped for resurvey. In such cases, under specific
authority of the General Land Office, 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 steps will thereupon be taken by the
General Land Office in the matter of suspension of the lands in the
adjoining township from further disposal and of additional investi-
gations with a view to a resurvey of all or a portion of the said
adjoining township. ' (See second rule, sec. 445.)

432. The special instructions will show specifically what lines
have been selected to limit the independent resurvey, and the sur-
veyor engaged in the execution of such resurvey will proceed with
the retracement and reestablishment of said outboundaries as a con-
dition precedent to beginning the independent resurvey.

433. Where the new lines of the independent resurvey are not to
be initiated or closed upon the restored original corners of the rees-
tablished outboundaries of the independent resurvey, 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 sec. 164,
Chapter III.  During the preliminary stages of the resurvey there
will often be more or less doubt as to whether an old corner will retain
its former control orwill have to be altered, and until this uncer-
tainty has been removed the marking of a corner and its accessories
should be deferred. The monumentation will follow the final deter-
mination 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 aceordingly.

METES-AND-BOUNDS SURVEY OF PRIVATE CLAIMS.

484. 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 surveyor’s
attention will be directed to the segregation or marking out of a1l duly
entered, selected, réserved (in certain cases), granted, or patented
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lands whose description may be based upon the former approved plat,
and which can not be conformed to the lines of the resurvey. {

4385. A status diagram will be furnished to 'the surveyor 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 wupon 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 ¢enter lines of ‘sections
or quarter sections) are found to' coincide or approximately agree
with the boundaries of said tracts.

436. Itis not to be understood that the metes-and-boundssurvey
of private claims must be completed before beginning the projection
of the new lines of the independent resurvey. It hag merely been
deemed logical to consider the subject of the tract segregationsin
advance of the question of the establishment of new lines. The fact
is that surveyors will find it expedient to carry both branches of the
survey along together in the locality of the camp or other field head-
quarters.

487. The jurisdiction of the General Land Office, the limit of ‘he
authority of the surveyor, 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
boundaries may differ from a theoretical location determined by
more rigid surveying rules, the position of the improvementsis to be
regarded as the best available evidence of the original position of
the claim, and the same will be employed as far as consistent for the
control of the location of the boundaries of such claim.

438. Where there is sufficient evidence of the original survey, thew

identification of the areas to be segregated, resulting from the sub-:
55465°—10—20.
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division of the original sections, will proceed in accordance with the
provisions of Chapters IIT1 and V, and every corner or angle point
of each tract as thuslocated will be marked upon the ground.
i489. Where the surveyor can not'point out, by suitable identi-
fication 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 Jocated 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 conflict
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 connec-
tion, should occasion arise, the surveyor will explain the manner of
adjusting differences between adjoining claims and what will con-
stitute’ an ‘acceptable location' of a claim.” The latter condition
demands 2 form ‘agreeing ‘with the original entry, approximately
regular boundaries; an area not widely inconsistent with that shown
upon the original plat, and a location as nearly correct 2s may be
expected from the existing evidence of the original survey, without
overlapping into an adjoining township not subject to resurvey,
except’ as provided in sec. 431. In every case where the out-
boundaries of the lands subject to “independent resurvey” have
been réeestablished by the “dependent” or “restorative” plan, the
subdivisions of a tract situated and originally described as along or
upon ‘the ‘opposite sides of such outboundary must agree with the
line re¢stablished 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 'conformation to the lines of the resurvey, whether patented
or unpatented, must be maintained, and the surveyor will not be
allowed to change matenally the configuration of a tract as shown
by its original descnptxon in order to indemnify the owner thereof
against' deficiencies in area, to eliminate conflicts between entries,
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or for any other purpose. If improvements have been located in
good faith, the segregation survey should be so executed, or the
conformation to the lines of the resurvey so indicated, asto cover
as nearly as possible these improvements and at the same time
maintain substantially the form of the entry as ongmally deﬁcnbed
No departure from this rule will be allowed.

442. The question of amendment of entries for the purpoee of
permitting adjustments in terms of the resurvey involving lands
not included within the original tract is a matter for the adjudiea-
tion of the General Land Office after the resurvey has been accepted
and the plats thereof filed in the local land office.

443, In case of absentee owners an attempt should be made to
establish communication, if necessary, in order that the claimant
may point out the lands subject to a metes-and-bounds survey. If
the owner can not be found and there is no visible indication, such
as a boundary fence, of the location of the limits of a claim, the
surveyor will exercise the alternative of locating the ‘claim from
the mearest original point of control or from a point of & neighboring
claim, or of assigning to the entered or patented lands the appropri-
ate subdivisions of the resurvey, all subject to the prineiples here-
inbefore set forth. ' The controlling factors in such locations will ‘he
based upon the individual and neighborheod improvements (such
as buildings, wells, springs of water, cultivated lands, public roads,
fences, corners of recognized private surveys, etc.) which may indi-
cate the evident intention of the entryman or patentee as to the
position of hisland.

444. Fach non-conformable valid claim in 'a township will be
given a serial tract number, commencing with No. 87 in the smallest
numbered ‘and - entered section' of the original _'plat, “progressing
throngh 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 town-
:ship:

445. The following rules will be observed in the execution of the
metes-and-bounds survey of all specially designated tracts:

1st. Each claim, acceptably located, but at variance with the lines

-of 'the resurvey, will be surveyed and monumented at each angle
-point. < e
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i 2d. Where a portion of a claimis 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 sec:429. « Thé portion of the claim
.originally ‘described as in the township to be resurveyed should
ordinarily be defined in'a position (either by segregation or confor-
imation to the lines of the resurvey) which is properly related te the
identified 'or restored  corners on:-the limiting boundary. (See
sec. 431.)
3d. Where the boundaries of a claim are unacceptably located as
pointed out by the claimant, the surveyor will proceed with a proper
survey of the tract in accordance with rules already stated which
will result in asuitable relation to the original survey, and the corners
‘of the tract -as thus located will be monumented. If the claimant
protests against such location, thé surveyor will request that the pro-
test be made in writing (to be submitted with the returns of the re-
survey), and will thereupon make an accurate connection with the
.corners of the claim as unacceptably located, to be made the subject
of a.complete report by the surveyor in his field notes, reviewing
the facts with, reference to the question of location. As a further
~protection to an entryman thus unacceptably located see sec. 455.
' 4th. Where, through a compliance by the surveyor 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, a full report will- be made by the surveyor in his field notes,
describing therein 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.}
5th.. 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 re-
survey, and-no apparent: objection is found by the surveyor, the
Aacts will be stated in the field notes, and the claim will be so indi-

1 See current circular relating to amendment of entries.
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cated 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 segtegated as a whole by metes-and-bounds suryey,
even though some or all of the lines of the tract may com01de with
certain subdivisional lines of the resurvey.

6th. Confhctmg tracts, each acceptably located, will be sul;veyed
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. ’

7th. The angle points of a tract will be designated by serial num-
bers beginning with No. 1 at the northeast corner, and proceeding
around theclaim, running westerly from theinitial corner. = An angle
point may be common to one, two, three or four tracts, and will be
monumented and marked as provided in Chapter 1V; as for example:

AP “4 | AP 3. T26N RITE
TR 38| TR 37 s 14 A akis Sty
o 4 AP 1
‘ AP I |AP 2
TR 45| TR 46 TR 38| TR 37 TR 37

1919 1919 1919

8th. No accessories will be required with theé monuments'at the
angle points of the metes-and-bounds survey.

446. The proper supervising officer will furnish. the surveyor
with an abstract of the valid entries, selections, reservations, patents,
and grants, based upon the original plat of any township (or portion
thereof) subject to resurvey, and the said resurvey can not be re-
garded as complete until each and every claim descnbed in‘said
abstract of entries (and shown on the status dxagram) agin the town-
ship to be resurveyed has received full protection in the matter
of location. Aside from those disposals described asin the township
to be resurveyed, there will also be furnished to the'surveyor, a5 a
matter of information, the status of all claims in the adjacent sec-
tions of all adjoining townships ungrouped for resurvey. The
abstract will be included with the other data to accompany the writ-
ten special instructions providing for a resurvey.

447. The .field notes of the metes-and-bounds survey of each
valid claim will be precedéd by a copy of the abstract of entry
thereof. A brief statement will then: follow in each instance (or
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with suitable reference), concerning the principal factors controlling’
the Tocation 'of the particular tract, and whether or not the claimant
was consulted, or communicated with, in the matter of the identifi-
cation of the boundaries of his claim. The statement should be
clear as to whether the location of a claim, shown either as 4 tract
gegregation or as conforming to the lines of the resurvey, ‘was
controlled by improvements alone, or by one or more identified
corners of the original survey, nearby or remotely located, or by its
relation to adjoining tracts. In cage 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. All claims should be accounted for on the resurvey plat,
and all will be shown either as segregated tracts or as conforming to
the Tines of the resurvey, as the case may be, with outline indicated
by heavy black lines. An exception to this rule will be made in
those rarg cases where all the ¢laims within a township 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 claimsoriginally described as in this township are intended to
conform to the lines of theresurvey under their original description.”

449, As a further safeguard that the returns of independent
resurveys may, be conclusive in the matter of the significance of
the tract segregations, the plats thereof will show a statement that—

““All tract segregations shown hereon 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 trae position.’”

450, The above statement will be modified if one or more of all
the claims shown on the status diagram are conformed to the lines of
the resurvey, either under the original description or by different
legal subdivisions, as follows:

¢« All tract segregations shown hereon and all other claimsshown to
conform to the lines of the resurvey, whether by the original or new
legal subdivisions, represent the position and form of said tracts un-
der 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.”’ G
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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. While the
mapping of important items of topography and valuable permanent
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 connection with the metes-and-bounds surveys makes
it impossible, at the usual scale, to show objects of little relative
importance. This class of memoranda taken during the progress of
the work will not be required in the field notes of metes-and-bounds
surveys.

452. Atleast one angle point of each tractsurvey will be definitely
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 cor-
ner 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 intetior of either section. Where an ex-
tensive system of tract segregations has been surveyed, the interior
tracts of the block will not require individual reference connections:
The establishment of closing corners on theregular line when entering
or leaving public land will conform to the general practice in this
respect as provided in sec. 191, Chapter III.

THE, PROJECTION OF NEW LINES.

453. The peculiar conditions of the situation which necessitate
an independent resurvey render it impossible to formulate general
rules suited to all cases. - Experience has demonstrated the neces-
sity for giving deliberate attention to the inique groblems of subdi-
vision which are to be found in each deéfinite example. The general
practice is to secure a’'surveyor's Teport of the actual conditions
involved in a particular independent resurvey; upon consideration
of which there may be devised the best plan for a re-subdivision of
the vacant public lands, and the latter will be set forth in the special
instructions. The possibility of placing the regular lines of the
indepéndent resurvey so as to obtain maximum agreement with the
position of the boundaries of conformable claims will ‘be fully con-
sidered with a view to eliminating or réducing the necessity for
tract segregations, if possible, where this can be accomplished in
harmony with the rules previously outlined. The examiner’s
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recommendations in these matters should be explicit and responsive
to his special advantages in the opportunity of working out the tech-
nical problem-while on the ground.

454. A problem, involving the re—subdxnsmn of . vacant pubhc
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 inyolve the re-sub-
division 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. resur-
veyed 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 gubdivision as
the situation:may. be and new meander lines will be run as required.
The new exterior and subdivisional 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 regardless 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 affected.

455. A general exception to the rule of extending the lines of
the independent resurvey across the tract segregations will be made
in those townships or portions thereof so densely covered by private
claims that the remaining parcels of public lands may be as well or
better identified and described for expediency with reference to
isolated tract numbers. In such cases closing corners will be re-
quired on the regular lines when entering or leaving public land.
The regular lines may or may not be extended as blank lines across
the tract segregations, according to the plan of running the new
section lines of  the resurvey. Where this method is employed it
will be necessary to assign tract numbers to the vacant parcels of
public land and to mark the angle points thereof accordingly. Where
a parcel of vacant public land is to be identified on this plan, such
vacant tracts will be surveyed by metes and bounds in accordance
with the usual rules. Rare cases may arise where it will be deemed
expedient to segregate by metes-and-bounds survey certain quarter-
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quarter sections:of vacant lands in accordance with the system ‘ef
the original survey s indieated by adjoining tract segregations for
the purpose of affording a better basis of disposal or for amendment
of ‘entries. ' Such segregations will not be made unless it is con-
clusively shown by the surveyor thatthe fractional lots and regular
quarter-quarter sections of the resurvey are inadequate as a basis
of disposal under existing ‘conditions of ‘occupancy on'the part of
settlers or of entrymen who may propose to'amend.’ The-special
instructions will ‘be made as explicit as possible in these details,
‘which will be determined updn when the plan of the resurvey is
under consideration by the supervising officer: :

456. Where a section of the resurvey is invaded by patented
tract segregations, but not by unpatented entries or selections, 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 'begini 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 toiavoid any
possible confusion which might arise from a duplication in the use
of the same lot numbers.

457. 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 relin-
quishment or cancellation, also in other cases, to facilitate a subdi-
vision of isolated tracts of public lands surveyed by metes and
bounds. Two methods have been found available, each one better
suited to particular situations. Neither method involves any change
in the instructions for the field procedure heretofore Jaid 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.

458. The general requirements of Chapters IT, 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
resurvey, the technical record of which follows; such titles will be
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inserted in the body: of the field motes, a3 appropriate, and will show
the full significance of all lines; as for example:

(a) ‘‘Metes-and-bounds survey 'of private claims as originally lo-
cated in accordance with the survey executed by John B. Smith,
U. 8. Surveyor, in 1842; and

(b) ‘‘Independent resurvey; superseding the survey executed by
John B. 8mith, U. 8. Surveyor, in 1842.7%

459..All monuments of the original survey, not otherwise re-
ported upon, when traces theréof have been found, will be con-
nected by course and distance with a corner of the resurvey, and
such connection and a description of the traces of the original corner
as identified will be recorded in the field notes of the resurvey. A
useless monument will be destroyed after the point is found to be
no longer needed for the survey of 4 claim of any kind whose loca-
tion may in any way depend upon such monument. (See sec. 163,
Chapter IIL.):

1460, Further exémplification of the approved practices incident
to the successive field steps and preparation of the field notes and
resurvey plats will be found in the chapters that follow.

O
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