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Dam Safety Inspections 8
A Closer Look

Introduction

Safety inspections are an important and necessary
responsibility of damowners. The goal of a safety
inspection is to identify potential dam safety
deficiencies before they become dam safety incidents.
If not corrected, these deficiencies can turn into
serious, costly repairs or even dam failures. Dam
inspections are also a emt opportunity to gather the
owners, engineers, experts, regulators and all
stakeholders involved with a dam in order to educate,
communicate, to delegate responsibilities, to discuss
possible failure modes, to plan for emergenciasd to
establish longerm relationships concerning the dam.
This article is intended to be a high level overview of
the safety inspection process for small knazard
dams from planning to implementation. For additional
details regarding dam safety inspections, the reader is
encouraged to visit the Association of State Dam Safety
Officials (ASDSO) website and view the webinar titled,
Introduction to Inspecting Dam for Owners and

Operators

Why are Insp ections Important?

During an inspection of an emergency spillway, an
inspector identified open, unsealed joints between
concrete spillway slabs (Photo 1).

Photo 1: Concrete spillway from the inspection report. Photo
inset shows an open joint.

The opeings were as wide as 1 inch and had
vegetation growing in them. A recommendation was
made in the inspection report to repair the joints, but
the dam owner neglected to implement the repair.

Four years later the spillway operated and the water
flowed into the open, unsealed joints causing uplift
pressures to develop beneath the slab that ultimately

led to the failure of the spillway slabs (Photo 2). It cost

the owner more than $1.25 million to reconstruct the
spillway. The spillway failure may have beenrtaa if

the owner had implemented the repairs recommended

in the inspection report. The cost to implement the
AyalLlSoiz2Nna NBO2YYSYRFIGAZ2Y
approximately $500.

Photo 2: Failed concrete spillway following operation during a
storm event.

Types of Inspections

Typically dam safety organizations and dam owners
will conduct a variety of inspections including formal,
intermediate, routine, and emergency inspections.
Regulatory requirements, hazard classification, dam
condition, and special ewts dictate the scope and
frequency of dam inspections. A qualified engineer is
required for formal, intermediate, and emergency
inspections. Due to safety concerns, some inspection
activities may need to be performed as a team or with
the aid of specialed equipment. For example,
inspections of the conduit may require confined space
entry protocols or a remote operated vehicle (ROV). A
detailed discussion about conduit inspections was
presented in a previous article titled{ou Cordu-it;
How to Fix a Leaky Pipe

Who can be an inspector?
People who have:

1 Good knowledge of the
design, operation,
maintenance, and potential
failure nodes of the dam.

1 The physical capability tdg



http://eo2.commpartners.com/users/asdso/session.php?id=11023
http://eo2.commpartners.com/users/asdso/session.php?id=11023
http://www.damsafety.org/media/Documents/STATE_INFO/OTHER_STATE_INFO/West_Dam_Eng_Issue02_Vol02_FINAL_rev1.pdf
http://www.damsafety.org/media/Documents/STATE_INFO/OTHER_STATE_INFO/West_Dam_Eng_Issue02_Vol02_FINAL_rev1.pdf

Western Dam Engineering

Technical Note

traverse rough terrain, steep slopes, remote
locations, and long distances.

1 Keen observation skills.

1 Willingness and motivation to get dirty and wet!

1 Good documentation and report writing skills.

Preparing for Y our Inspection

The inspection begins long before arriving on site. The
well-prepared inspector begins by becoming familiar

with site access, design features, construction history,
inspection history, and even the type of weather that

may be encountered dimg the inspection.

Assemble Inspection Teant Review the previous
inspection reports to see if an additional engineer with
structural, geotechnical, or hydraulic experience may
be needed to round out the inspection team.

Contact Regulatory Agenaylt is worth a quick phone
call tothe appropriate oversight agency to verify
regulatory requirements for inspection (such as a
mandatory outlet inspection or concrete condition
survey).

Review Recent Weathe Ponded water may not
always be a sign of potential seepage. Knowing if the
site has recently experienced precipitation events may
give the inspector important clues during the
inspection.

Review Previous Checklists Become familiar with
what previous ingectors have identified, repairs that
have been recommended, and status of completion.

Review Drawings or Construction Documentatian
Understanding how the dam was designed or
constructed can help identify where potential
problems may exist. Note the loians of drainage
outlets and instrumentation.

Review Potential Failure Modes; Reviewing the
potential failure modes specific to your dam will help
focus your efforts on specific components of the dam.

Coordinate with OwnefOperator ¢ Discuss withthe
owner in advance any activities that can be undertaken
to make your inspection more efficien€Can a survey
be performed to evaluate differential movement or
settlement of structures™oes the sgtling basin need
to be dewatered?an the owner operate througthne

full gate range™Do theyneed to notify water users of
an impending gate closure? What aboutandatory

minimum releases; will someone get in hot water if
you temporarily dewater thestream?Request seepage
weirs be cleaned to collect accurate readingRequest
that tall grasses and vegetation be removed prior to
AyalLlsSoidazyo LGIQa | €240
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tall grass (Photo 3)!

Before

Photo 3: The importance of mowindefore an inspection.

Review Instrumentation Datac Piezometers and
seepage weirs are the first indication that something
may have changed. Print out in advance a location
map, simple plots, and key information for each
piezometer to take with you. Havinpis information

I o AfFrofS GAff KSft Ll &2dz
perfect opportunity to make sure that your survey
LR2AYyGa KIFI@SyQl ¢l f{1{SR 2F°F

Assemble Necessary Equipmeqtit is very important

to plan out what equipment you may neefdr an
inspection before you get there, especially if your dam
is remote! Equipment may include all or some of the
following (Photo 4):

Photo4: Typical inspection equipment.

T Inspection form(click here for more iformation),
notebook, clipboard, pencil
1 Camera, GPS, cell phone, rangefinder
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1 Hand level & rod, binoculars, probe (old ski pole)

¢ MmanQ GFLIST wpQ Gl LIS
wheel

9 Flashlight and/or mirror

1 Bucket and timer (to measure seepage rate)

1 Stakes, flagging, poke stick

1 Aerial photo of inspection area

1 Rubber boots, snake chaps, sunscreen, insect
repellant, Bear Spray, First Aid Kit, sensible

clothing for weather

Drinking water, food

Rubber hammer

Outlet inspection camera and sled, a -Do
Yousself (DIY) camera and sled was includtec

previous article titled,You Cordu-it; How to Fix a
Leaky Pipe

1 Confined space entrgquipment and paperwork

1 An experienced yet open and creative mindset

= =4 =

Assemble Documentation¢ Documentation may
include a map or drawings of the dam and the
inspection form. Below is a list of some other
documentation that may be useful:

1 List of potentidfailure modes

9 Previous inspection checklists

9 Old construction photos

9 Plots of instrumentation data

9 List of previous repairs or modifications and
repair recommendations

T ¢KS RFEYQa StSOGNRBYAO
loaded on a tablefor reference if needed

T ¢k €t G2 f1raag &SI NDa
issuesand document

General Inspection Guidance

The purpose of an inspection is to observe every part
of a dam and its appurtenant structures to identify
changes between inspections. Performimgpections

by the same person, during the same time of year
under the same type of reservoir loading has
advantages and disadvantages. For example, it is
important to inspect a dam when the reservoir is at a
similar level as the previous inspection to &on
observed seepage is similar to previous inspections.
However, there are also advantages to inspecting the
dam during different seasons with different people and
during different reservoir levels. A late season

Ay a

inspection often provides the inspector he
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good opportunity to look for sinkholes, as described
below. If the dam has piezometers, arrangements
should be made to measure the static water level
during the inspection (preferably at full pool). The
inspector(s) may need to have a bit of flexibility in their
schedulés)to see how the dam responds to varying or
similar conditions.

Terminology ¢ Make sure to use accurate dam
GSNX¥Ay2ft23ed LGQA 0SadSNI
downstream, left and right ¢ typically facing
downstream, instead of using compass directions.
Providing clear definitions for good, fair, and poor
condition is also important for future inspectors to
understand how the condition was assigned.

Use the SMPLE Rule¢ For documenting defects
etch the location of the defectyleasure the defect
(depth, width, length) Photograph the defectLocate
the defect in reference to a known location (use
existing stationing or measure from a known feature
like the outlet works or spillway).

Photo Tis ¢ Consistency Take photos at the same
location and orientation as previous photos. Using a
scale in the photos helps document size and/or extent
of the feature being documented. Photos can be used
for comparison if conditions change.

vs, Parallg These are two methods primarily

Zigza ) .
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Typically, the zigzag method can_be used on small

O mdbdctbrOvendzte phySi&ily fitSTheétpardidiV
method is useful for steep or rocky slopesor both
methods, it is important to make sure that the
AyalLlSOoi2N atd2La LISNR2RAOL f f
the slopes near and far for anything unusual before
continuing on the inspection.

Teamwork¢ If inspecting with two people, develop a
system ® that one person is taking photos and
keeping the photo log and the other person is
measuring and documenting observed conditions. The
person with the gym membership can be the one to
hike up and down the slopes while the other walks
along the crest.

AZCOM
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Figure 1 Inspection methods typically follow a zigzag or parallel
method.

What Should | Look For?

Safety inspections will cover every visible portion of
the upstream and downstream slopes, crest, auxiliary
spillway, outlet conduit, outlet structures, and
reservoir rim. Although all inspections are
comprehensive in nature, the scope of the inspection
depends on the type of inspection being performed
(e.g., formal vs. intermediate vs. emergency). For
inspection tips and guidelines specific to outlet
conduits, e the previous article titledyou Cordu-it;
How to Fix a Leaky Pipe

The following sections present some typical
deficienciesnoted during dam safety inspections and
possible causes and consequences.

Upstream and Downstream Slopes
Slide/Slump/Slip (Deep or Shallow):

9 Causes: Originated as cracking excessive erosion,

over steepened areas, saturation,
drawdown

1 Consequences: Crest

rapid

loss and overtopping;

shortened seepage path

Photo 5: Shallowslide, slump, and slips on a slope (ASDSO)

Sinkhole:

i Causes: Embankment material carried through
erosion pipe, collapse of material into animal
burrow

1 Consequences: May represent a serious piping
problem in embankment or foundation

Sinkhole

Figure 2 Sinkhole on slopes (AECOM)

Photo 7 Sinkhole ordownstreamslope AECOM

Broken Down/Missing Riprap and Slope Erosion:

I Causes: Poor quality riprap has degraded,
undersized riprap displaced by wave action
1 Consequences: Erosion, loss of crest, overtopping

AZCOM


http://www.damsafety.org/media/Documents/STATE_INFO/OTHER_STATE_INFO/West_Dam_Eng_Issue02_Vol02_FINAL_rev1.pdf
http://www.damsafety.org/media/Documents/STATE_INFO/OTHER_STATE_INFO/West_Dam_Eng_Issue02_Vol02_FINAL_rev1.pdf

Western Dam Engineering

Technical Note S

Crest

Desiccation/Transverse/Longitudinal Cracking:

1 Causes: Claymaterial shrinks as it dries,
differential settlement of embankment or
foundation, weak embankment material, slide

1 Consequences: Shortens preferential seepage
path, seepage paths through cracks can lead to
internal erosion, slides

Photo 8 Loss of riprap and slope erosion (Montana DNRC)

Slope Erosion:

I Causes: Rain, snow melt, ponding on crest, poorly
maintained crest, vehicles/animal trails, sparse
vegetation

1 Consequences: Erosion can create gullies, which
lead to over steepened area and stability issues

Photo 12: Longitudinal crest crack (Montana DNRC)

Sinkhole:
; R, . I Causes: Collapse of embankment material into
Photo 9: Slope erosion and sparse vegetatigkECOM) piping hole or animal burrow, settlement over

outlet works conduit
1 Consequences: Could represent serious piping
problem in theembankment leading to failure

Animal Burrows:

1 Causes: Water and vegetation attract wildlife
1 Consequences: Preferential seepage paths,
erosion, and loss of freeboard

T L TN 2

Photo 10 Animal burrow (Montana DNRC)

Photo 13: Crest sinkhole (ASDSO)

AZCOM
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Low Crest Areas: Seepage
T Causes: Settlement, early signs of piping or a void, ~ Since seepage can occur through tembankment,
erosion, poor construction/maintenance foundation, abutments, or along embankment

f Consequences: Reduced freeboard can lead to penetrations, this topic will be addressed separately.

overtopping and failure :
PpIng The most common seepage locations:

1 Downstream slope and toe

I Foundation downstream of embankment
1 Abutment groins

1 Penetrations through embankments

Look for:

1 Areas of green, lush/wetland vegetation

1 Abrupt changes or horizontal lines of vegetation
1 Flowing water

1 Turbid, cloudy, or muddy water

Sandboils:

1 Causes: Seepage through foundation removes
material, high seepage velocities cause sand to
ao02Af ¢

Photo 14 Low crest areas (Montana DNRC)

Vegetation:

1 Causes: ®r maintenance, excessive water
promotes growth

1 ConsequencesObscuresinspection, tree roots
can cause seepage paths, large trees can blow
over and their root systems can dislodge soil and
reduce freebard

1 Corsequences: Continued seepage and erosion
can lead to sinkholes and foundation failure and
can eventually cause embankment failure

- Phto 15: Crest vegetation (ACOM)

Ruts:
1 Causes: Vehicle traffic, poor maintenance, poor
drainage
1 Consequences: Seepage into embankment from Photo 17: Sandboil (ASDSO)

Cloudy Seepage:

1 Causes: Piping or internal erosion, internal crack,
pervious zone, or animalburrow; poorly
compacted contact between embankment and
abutment, seepage occurs in abutments

1 ConsequencesProgressiorof piping and erosion
of material, failure, abutment slide

! A=COM









