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H-9177-1 Handbook

A. Procedure

1. Qualifications

See Bureau Manual 9177 for the Bureau requirements for being a
qualified inspector.

2. Method

Inspections should be performed through use of this Handbook in
coordination with the Bureau of Land Management Dam Condition
Assessment Checklist. The Bureau Dam Condition Assessment Checklist is
for use when performing inspections on earth embankment dams, as
are common across the majority of the Bureau. Items to be measured
under the Dimensional Data heading should be measured consistently
across the Bureau. Methods to be used are taught in training classes as
required under the qualifications for being an inspector, in addition to
the guidance provided in this Handbook.



B. CRACKS

1. Transverse Cracks:

Transverse cracks, or cracks through the structure from front slope to
back slope, are usually of the greatest concern, as they can provide a

path for seepage from the reservoir to the face of the dam. Transverse cracks
can result from a compressible foundation under the central

portion of the dam coupled with incompressible rock foundation and
abutments at the end portions of the dam (Figure 4).
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B. CRACKS

2. Horizontal Cracks:

Horizontal cracks below the crest of the dam can occur in structures
built in narrow valleys with rock abutments. Arching may occur in
the upper portion of the embankment; this prevents the crest of the
embankment from settling as much as the foundation. Horizontal
cracks may then occur at the bottom of the arched portion of the

embankment (Figure 6).
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B. CRACKS

3. Longitudinal Cracks:

Longitudinal cracks by themselves are not normally dangerous;
however, the presence of longitudinal cracks on the surface can be an
indication of more serious internal problems; for example, hidden
inclined transverse cracks.

Longitudinal cracking can occur in conjunction with rolled earth cutoffs.
The slopes of the embankment, which are over a more compressible
natural foundation, settle more than the crest of the dam, which

is located over the less compressible rolled earth cutoff section. As the
slopes settle, longitudinal cracks appear at the outer limits of the less
compressible foundation section (Figure 8).



. Cc;r-ﬂ;;fes‘sib!é eért.h-f.ol

undation _

SRR L4999 91

Figure 8. Longitudinal Cracks

Longitudinal Cradks

Rolled
Cora

A K KKK K

XK KKKKNN

Figure 9. Longirudinal Cracls







B. CRACKS

4. Interior Cracks

Interior cracking cannot be seen on the face of the dam, but may be
suspected if certain areas of the dam show signs of greater settlement
than surrounding sections. An example of this would be in dams
constructed with a narrow vertical central core of compressible
impervious material and outer slopes of relatively less compressible
materials. The core tends to compress, forming a depression at the crest
of the dam. As a portion of the core weight is transferred to the outer
shell through shearing and arching, interior horizontal cracks may

occur in the core (Figure 10).
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5. Surface Drying Cracks

Cracks due to surface drying can occur during both construction and
the operational life of the dam. Surface drying of one or more levels of
the embankment during construction can be caused by construction
delays or suspensions that expose the embankment to the wind and the
sun. Fine-grained soils are especially vulnerable to surface drying and
cracking; the permeability of the embankment material may be greatly
increased.

Embankments constructed of homogeneous, clayey soils are especially
prone to surface drying and cracking after construction is completed
and during the operation life of the dam. These cracks usually seem

to be more severe in areas influenced by tensile stress (at the top of
the embankment slope, for example). This type of surface drying and
cracking is often caused or exacerbated by hot, dry climatic conditions

during a period when the reservoir is very low or empty. This type of cracking can be
described as Desiccation Cracking.



C. SLIDING AND SLUMPING

Stability problems in dam embankments are evidenced by cracks,
displacements, sloughing and sliding, bulges, and creeping. Look for sags
and misalignments in parapet walls, guardrails, and conduits; bulges at the
toe of the dam or in the ground below the toe; longitudinal cracking near
the crest; and other indications that the embankment is moving. Sliding

or slumping of either or both the upstream and downstream embankment
slopes can occur during construction or rehabilitation of a structure. This
type of sliding or slumping can be slow (time-scale on the order of days

or weeks) or rapid (time-scale on the order of minutes). Landslides and
slumps in dam embankments are mechanically similar to mass movements
in natural soils. Slides in earthen dam embankments tend to be a slump or
series or slumps, rather than planar shearing and sliding or mass falls.
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Figure 13. Slumping (cross-section)
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DRAWDOWN SLIDES

* Sliding can also occur after or during reservoir drawdown.

* Slope instability caused by removal of the overlying reservoir load and by
elevated internal pore water pressures within the embankment.

* |f the upstream portion of the embankment is constructed of free-draining
materials such as rock or gravel, the water will flow out of the pores in the
embankment as the reservoir is lowered; thus, the pore pressure will be
lowered as rapidly as the reservoir load is removed.

* The likelihood of this type of slide relates to the fineness of the
embankment soils. Soils with an average grain size (D50) of 0.006 to 0.02
mm seem to be particularly susceptible to drawdown slumping or sliding.

 Drawdown slides are most likely to occur the first time the reservoir level
is lowered after filling.
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D. SEEPAGE PROBLEMS

* Uncontrolled seepage through an embankment dam can cause the
movement of soil to unprotected exits, creating voids and leading to
“piping” failures.

* Improper compaction; differential settlements; pervious embankment
materials; or the presence of ice lenses, roots, stumps, or debris in an
embankment resulting from inadequate construction control can cause
excessive seepage through the embankment.

* Settlement cracks caused by a compressible material in the embankment
or foundation can also provide seepage paths. Other causes of excessive
seepage are animal burrows, root systems of large trees, and leakage
along or through conduits in an embankment.

* The adverse effects of seepage in a zoned earthfill dam are usually
controlled by a filter to prevent the piping of embankment or foundation
material.



1. Piping Through Embankment Piping is the progressive erosion of the
embankment caused by concentrated seepage, resulting in the development
of channels through the embankment.

Pervious layer

Figure 19. Piping Through Embankment (cross-section)



SEEPAGE PROBLEMS

. Piping Along Outlet Works
. Piping Through the Abutments

. Piping Through Foundation

. Seepage Due to Water-Soluble Materials

2
3
4

* 5. Seepage Through Embankment
6
7. Seepage and Vegetation Growth
8

. Burrowing Animals
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Fgure 20, Piping Through Foundation {cross-section)
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Figure 22. Sloughing of Saturated Embankm ent (cross-section)
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EROSION PROBLEMS

* Proper erosion control measures are
necessary for preventing loss, displacement,
or deterioration of upstream embankment
facing; crest damage and breaching; and
erosion of the downstream face.






FOUNDATION PROBLEMS

Reaction of structures often reflects foundation
changes. Visual surface displacements in the crest,
backslope, or foreslope of the dam should be
noted. Depressions or sags in the crest or slopes of
an embankment dam might reflect embankment or
foundation consolidation, solutioning, or piping.

Appurtenant structures that have settled or are out
of plumb may indicate foundation yielding or
compression.






SPILLWAYS AND OUTLETS

* Spillways or outlet works can be defective because of
hydraulic inadequacy, structural inadequacy, or
operational malfunctions. Spillways and outlets
should be checked to ensure that they are in good
condition, free of obstructions, and capable of
carrying the volume of flow for which they were
designed. Verify the type, number, location, and
dimensions of all spillways and outlets at the time of
Inspection.



by »A"
M TEY










PHOTOGRAPHS AND SKETCHES
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View of embankment and crest from left abutment (upstream face).

View of embankment and crest from left abutment (downstream face).

View of embankment and crest from right abutment (upstream face).

View of embankment and crest from right abutment (downstream face).

View of embankment crest from right abutment.

View of embankment crest from left abutment.

View of reservoir looking upstream from top and center of dam embankment.
View of reservoir looking downstream from top and center of dam embankment.
View of emergency spillway from crest looking upstream.

. View of emergency spillway from crest looking downstream.

. View of principle spillway inlet (if applicable).

. View of principle spillway outlet (if applicable).

. View of principle spillway stilling basin (if applicable).

. View that identifies the project monument from a distance that can be used to locate the marker in

the future.

. View that includes the reservoir that includes the embankment and as much of the impoundment

as possible.

Remainder views shall photograph those items that are necessary to adequately describe/define a
deficiency or problem with the dams.



Classification Information for Dams

The hazard classification for a dam is based on
the potential for loss of life and property
downstream from the dam. A dam may be
hazard classified only if it 1) is 25 feet or more in
hydraulic height, or 2) impounds 50 acre-feet

or more of water.




Size Classification

Minor Dam {M)

Hydraulic

Height

6 to 25 feet

Retention—Detention
Capacity

15 to 50 acre-feet

Small Dam (S)

26 to 40 feet

51 to 1,000 acre-feet

Intermediate Dam {|)

41 to 100 feet

1,001 to 50,000 acre-feet

Large Dam (L)

=100 feet

>50,000 acre-feet '

Hazard Potential

Loss of Human

Economic, Environmental,

Classification Life Lifeline Losses
Low None expected Low and generally limited to owner
Significant None expected Yes
, Probable. One or Yes (but not necessary for this
High P
more expected classification)







THE END



