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FOREWORD

As a safety guide for dam owners,
this manua! includes important steps
that dam owners can take on a direct
and indirect basis to reduce the con-
sequences of dam failure. The bene-
ficiaries of such programs include
both the general public and the dam
owners themselbves.

Although dams and reservoirs are
important components of the national
infrastructure, existing dams are get-
ting older and new dams are being
built in hazardous areas. At the same
time, development continues in
potential inundation zones down-
stream from dams. More people are
at risk from dam failure than ever
before despile better engineering and
construction methods, and continved
loss of lives and property from dam
Failures must be expected.

Many different people and organiza-
tions now contribute to dam safety,
amd many are striving to improve the
national record. In addition, signili-
cant contributions to dam safety can
be made by the owners themselves.
Therefore, the authors strongly vrge
continved reference to and use of this
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manual. If but ope life is saved
through the application of the guide-
lines discussed in this manual, the
effort involved in its development
will be Tully justified.

This manual stresses the importance

- to the dam owner of the development

and active pussuit of a dam safety
program oriented to the specific dam
structure and site. Also emphasized
are those public policy measures
which the dam owner may be able to
influence indirecily. These inciude
land use decisions, public dam safety
awareness and community waming
and evacuziion planning. All are
steps that can mitigate life and prop-
erty loss.

Appendix E, an integral parl of the
manual, provides space for each state
to incorporale references to or dis-
cussions of individual state Jaws and
policies relating to dam safety. Of
course, if any portion of this mapual
is in conflict with individual staie
policies or statules, the Jatter apply.
Each state is encouraged to include
this information prior {o dissemina-
tion of the manual.
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AN AFPROACH TO
DAM SAFETY

There is an urgent and continning

need for dam salety in the United
States because of thousands of dams
are now in place across the U.5. and
many mose are being built each year.
These dams are essential elements of
the national infrastructure, but the
public risk in case of lailure is preat;
large and growing numbers of lives
and valuable properties are at stake.
Althouph there are many who are
concemed about dam safety, iecpal
and moral responsibility essentially
rests with the dam owner.

Dam ownets serve society by meet-
ing imporiant national needs and of
course, may also profit from dam
operations. However, these reasons
do not justify the utifity and effective-
ness of ownership if the owner cannot
provide safety for people and prop-
erty. The costs of dam safety are
small in comparison 1o those which
follow dam failure, particularly in our
modem “litigious” society. Liabiity
due to failure could easily olfset
years of profiability.

The dam ovwner can directly infllvence
the safety of a dam. Owners can and
should develop their own safety pro-
gram which includes such important
elements as inspecting, monitoning
through instrumentation, maintaining
the structure, emergency action plan-
ning and operating. Such a program
is directly related to the dam struc-
ture and s immediate environment
and depends on the owner's knowl-
edge of the dam and how it works.

INTRODUCTHION TO DAMS

Dams may be cither man-made or
exist because of nalura) phenomena,
such as landslides or glacial deposi-
tion. The majority of dams are man-
made structures normally construcied
of earthfill or conerete. It is mpor-
tant thal a dam owner be aware of the
different types of dams, essential
component pars of a dam, important

physical conditions likely to influence
the dam, and how the key com-
ponents funchion.

HAIARDS, RISK, FAILURES

Present national loss statistics from
dam failure fully justify the need for
dam owners to better understand the
public risks involved with dam
ownecship, the kinds of hazanls that
promote these risks and the reasons
why dams fail. Public risk is high
because people have been allowed to
setile below dams in poiential inun-
dation zones and because new dams
are being built in less than ideal
sites,

Other elements of risk include natural
phenomena such as floods, earth-
quakes and landslides. These hazards
threaten dam structures and their sur-
roundings. [loods that exceed the
capacity of a dam’s spillway and then
erode the dam or abutments are par-
ticularly hazardous, as is seismic
activity that may cause cracking or
seepape. Similarly, debris from land-
slides may block a dam’s spillway
and cause an overflow wave that
erodes the abulments and ultimately
weaken the structure.

The Intemational Commission of
Large Dams (1COLD) has deter-
mined that the three major categopes
of dam failure are overtopping by
flood, foundation defects and piping.
For earthen dams, the major reason
for failure was piping or seepage, For
congrete dams, the major reasons for
failure were associated with foun-
dations. Overtopping was a signifi-
cam cause of dam failure primarily in
cases where there was an inadequate
spitlway.

DEVELOPING A DAM SAFETY
PROGRAM

Recognition of the causes and posst-
ble impacts of dam faslure points out
the need for a program to enhance
dam safety. Such a program must be
based on a salety evaluation 1o detes-



smine a dam's structural and opera-
tiona!l safety. The evalualion should
identify problems and recommend
either remedial repairs, operational
restrictions and modifications, or fur-
ther anatyses and studies todetermine
solutions.

A safety program comprises several
components that address the spec-
trum of possible actions to be taken
over the short and Jong term. Devel-
opment of a safety program involves
a phased process beginning with
coliection and review of existing
information, proceeding to detailed
inspections and analyses, and cu)-
minating with formal documentation.
Much of the preliminary work can be
accomplished by the dam owner with
the assistance of state and local
pubiic agencies. However, depending
upon the number and seriousness of
problems identified by the initial
assessment, professional assistance
by qualified engineers and conlrac-
tors may be reguired.

Information presented in this manual
pravides direction on how to proceed
with establishing an action to increase
the safety of a dam, The discussion
details technical and procedoral
components of the safety program,
and recessary forms are provided.
The program of inspection for both
the initial and continuing safety
evaluations establishes the condition
of the dam and provides the informa-
tion necessary for determining specific
aclions 1o be taken regarding repairs,
operations, and monitoring. The pro-
gram is cychical recognizing the need
for continued vigilance. Emergency
action can hopefully be avoided, but
a well thought out plan of action in
case of imminent or actual failure can
greatly reduce damage and possible
ioss of life,

INSPECTION GUIDELINES

An effective inspection program is
essential to identify probiems and to
provide for safe maintenance of a
dam. The inspection program should
involve three types of inspections:
{1} periodic lechnical inspections,
(2} periodic maintenance inspec-
tions, and (3) informal observations
by project personnel as they operate
the dam. Technical inspections in-
volve specialists lamiliar with the
design and construction of dams and
include assessments of stucture
safety. Maintenance inspections are
performed more frequently than

technical inspections in order io
detect, at an early stage, any del-
rimental developments in the dam;
they involve assessment of opera-
tional capability as well as structural
stability. The third type of inspection
is actually a continuing effort by on-
site project personnel {dam tenders,
poweshouse operators, maintenance
personnel} performed in the course of
their normal duties.

INSTRUMENTATION
AND MONITORING
GUIDELINES

Instrumentation of a dam fumishes
data to determine if the -completed

structure is functioning as iniended -

and provides a continving sur-
veillance of the structore to wam of
any unsafe developmenis.

Means and methods available to

monitor physical phenomena that .

can jead to a dam failure include a
wide spectrum of instrumenis and
procedires ranging from very simple
to very complex. Any program of
dam safely instrumeniation must
involve proper design consistent with
other project components, must be
based on prevailing peotechnical
conditions at the dam, and must
inciude consideration of the hydro-
logic and hydraulic factors present
both before and after the projectis in
operation. Instrumentation designed
for monitoring potential deficiehcies
at existing dams must take into
accounl the threat to life and prop-
erty that the dam presents. Thus, the
extesd and nature of the instrumenta-
tion depends not only on the com-
plexity of the dam and the size ol the
reservoir, but also on the potential for
loss of life and properly downstream,

An instrumentation program should
involve instruments and evaluation
methods that are as simple and
straightforward as the project will
allow. Moreover, the dam owner
should make adefinite commitmentto
a conlinuving monitdring program; if
the program is not continuing, the
installation of insttuments and proce-
dures will be wasted. Obvicusly, the
involvement of quaiilied personnel in
the design, installation, monitoring,
and evaluation of an instrumentation

system is of prime wnportance to the

success of the program

Instrumentation and proper monitor-
ing and evaluation are extremely
valuable in determining the perform-
ance of a dam. Specific information

*

that instrumentation can provide
includes:

» Waming of a problem

-« Definition of and analyzing a

problem
* Proof that behavior is as expected
» Remedial action performance
evaluation

MAINTENANCE GUIDELINES
A pood maintenance program will
protect a dam against detesioration
and prelong its Jife. A poorly main-
tained dam will deteriorate and can
fail. Nearly all the components of a
dam and the materials used for dam
construction are susceptible 1o dam-
aging deterioration if not properly
maintained. A good maintenance
program provides nct only protection
for the owner, but for the general
public as well. Furthermore, the cost
of a proper maintenance program is
small compared 1o the cost of major
repairs or the loss of life and property
and resuvitant ltigation against the
dam owner. A dam cwner should
deveiop a basic maintenance pro-
gram based primarily on systematic
and frequent inspections. Inspec-
tions, as noted in Chapter 5, should
be done monthly and after major
flood or earthquake events. During
each inspection, a2 checklist of items
calling for maintenance should be
used.

EMERGENCY ACTION PLAN

‘GUIDELINES :

Although most dam owners have a
hiph level of conhdence in the struc-
tures they own and are certain their
dams wiil nol fail. history has shown
that on occasion dams do Fail and thal
ofién these [ailures cause Joss of lile,
injuries and extensive property dam-
age. A dam owner shouid prepare for.
this possibility by developing an
emergency aclion plan which pro-
vides a systemalic means to:

* ldentify emergency conditions
threatening a dam

o Expedite effective response actions
to prevent failure

=+ Reduce ioss of Bfe and property
damage should failure occur

A dam owner is responsible for pre-
paring a pian covering these measures
and listings actions that the owner
and operating personne! shouvld take.
He should be familar with the local
government oflicials and agencies
responsible for wamning and evacuat-
ing the public.



It is important that dam owners make
full use of others who are concerned
with dam safety; emergency pians,
will be more effeclive if they integrate
the actions of others who can expedite
tesponse. People and organizations
with whom the dam owner should
consalt in preparing an emergency
action plan imciude nuwmerous local
participants, sState and federal
apencies.

An essential part of the emerpency
action plan is a list of agencies/
persons to be notified in the event of a
potential failure. Possible inclusions
for this list should be obtained from
and coordinated with jocal law en-
forcement agencies and jocal disaster
emergency services. These are key
people or agencies who can activate
public warning and evacuation pro-
cedures or who might be able to assist
the dam owner in delaying of prevent-
ing failure.

Certain key elements must be included
in every notification plan. Informa-
tion about potential inundation {flood-
ing) areas and travel times for the
breach {flood) wave is essential,
Inundation maps are especially use-
ful in local waming and evacuoation
planning. Detailed information abont
identification of inundation areas or
the development of maps can be
found by contacting the State
Engineer's Office or local planning
offices.

OPERATIONS PLAN
GUIDELINES

Establishing an operations procedurs
or plan calls for detailed:

» Dam and reservoir physical char-
acteristics data

* Descriptions of dam components

» Operations instructions for oper-
able mechanisms

» Inspection instructions

« Instrumeniation and monitoring
guidelines

= Mainlenance operations guidelines

» Emergency operations guidelines

s Bibliographical information

A schedule shouid be established to

include both day-to-day tasks and

tasks performed less frequently

throughout the year. The schedule

formalizes mspection and main-

tenance procedures so that even an

inexperienced person can determing

when a task is to be done.

MEASURES TO REDUCE THE
CONSEQUENCES OF DAM
FAILURE

Liabilities which are determined fol-
lowing a dam failure strongly affect
both organizations and individuals,
povernments and dam owners. Eslab-
lishing Lability is the legal means
developed by society 1o recover
damages due to a “wrong” (in this
case, lack of dam safety) and rep-
resents another perspeclive on the
dam salety problem. A thorough
vnderstanding of this legal process
can help the dam owner decide the
steps to be taken to reduce hability.

The dam owner can directly and
indirectly influence the introduction
and use of a variety of other measures
that will serve to reduce the consc-
quences of dam failure. For example,
insurance against the costs which will
accrue after a failure will save the
dam owner money by spreading costs
from a single dam owner lo others.
Some land use measures instituted by
governments represent better means
of mitigating future disasters, 1f peo-
ple are restricted from fiving in intn-
dation zones, then safety is radically
improved, Instituting land nse mea-
sures represents one of the most
elfective ways to save lives and prop-
erty over the long term, but such steps
are not always acceplable lo govern-
ments. Thus, given that lives and
property are =2l stake, increasing
public awareness and governmental
planning are vital measures that also
must be considered as ways to reduce -

- the consequences of dam failure.

Dam owners can obtain insurance
directly and should do so. The other
measures discussed here -- land use,
public awareness and preparedntss
planning -- are essentially controlied
by local povemments. Therefore,
dam owners would be wise to encour-
age as strongly as possiple awareness
and action in the public sector.
Finally, they may also wish to hire
consultanis from the private scctor
when the information needed for pro-
dent decisions exceeds thewr own
expertise.
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CHAPTER 1

AN APPROACH TO DAM SAFETY

4.0 GENERAL

This manual is a safety guide for dam
owners. There is a critical and con-
tinuing need for dam salety because
of the thousands of dams now in
place and the many new dams built
each year. Although these dams are
essential elements of the national
infra-structure, the nsks to the public
posed by their possible fajlure are
great; large and growing number of
lives and valuable property are at
stake, Although there are many who
are concemed about dam safely,
lepal and moral responsibility essen-
tially resls with the dam owner.

1.1 URGENCY FOR SAFETY-

The critical need [or dam salety is
clear. World and national statistics
on dam f{ailures show an unaccept-
able record of losses in both lives and
property. The International Commis-
sion on Large Dams (1COLD)
reports that more than 3000 people
have died so far this century because
of the failure of major dams. The
record for V.5, losses from major
dam failures in recent years, shown
in Table 1.1 is also not encouraging.
Acival national losses are much
higher than indicated because the
statistics shown cover neither small
dam failures nor many combinations
of dam failure and natural flooding
.events. A more specilic examination
of the national experience shows that
over an {B-year period (1965-1983)
thiny lesser failures, or serious
incidents that almost led to failure,
occurred in Coloradd. The lohns-
town, Pennsyivania disaster of 1889
is regarded as one of the nation’s
great catastiophes, and the potential
for future similar catastrophes due lo
dam failure remains strong. Only a
cooperative efont in dam safely
involving owners and communities
can fessen this potential.

1.2 DAM OWNERSHIP AND
SAFETY

This manual can be applied to dams
owned and operated by a wide range
of organizations and people, includ-
ing state and local povernments,
public and private agencies, and
private citizens. Typical reasons for
boilding dams include water storage
for human consumption, agricultural
production, power generation, flood
control, reduction of soil erosion and
recreation. Thus, dam owners serve
society by meeting important national
needs and may also personally profit
from dam operalions. However,
these are not suilicient reasons for
building or owning a dam if the owner
cannot provide safety for people and
properly in pofential inundation
zones.

In both financial and moral temmns,
successful dam ownership and the
maintenance of safety standards go
hand in hand. Investment in dam
safety should be accepted as an
integral panl of project costs and not
viewed as an expendable ilem that
can be eliminated if a budget becomes
tight (Jansen, 1980). The costs of
dam safety are small in comparison
to those which follow dam failure,
particularly in our modem *litigious™
sociely. Liability due to a2 failure
would probatly negale years of
potential profits. Many different con-
cems and possible rewards result
from dam ownership, but in the end,
success will be in large part measuvred
by a continuing record of dam
safety.

1.3 THE INCREASING
COMPLEXITY OF THE DAM
SAFETY PROBLEM

As national needs for water intensify
and the value of waler increases,
more dams are being built. At the
same lime, many existing dams are
reaching or passing their design lile
spans and, for vanous reasons, peo-
ple continve to seitle near dams.®
Further, as builders are lorced to vse
poorer sites for dams, the job of pro-
tecting iife and property becomes
more difficult. Therefore, as dam



construction continues and Lhe pop-
vlation grows, exposure of Lhe public
to dam Fajlure hazards increases and
the overall safety problem becomes
more difficult.

Governmenls across Lhe nation have
shown increasing concern for this
problem and have enacted laws,
statutes and regulations that place an
increased burden of responsibility on
the dam owner. In most states, dam
owners are held strictly liable for
losses or damages resulting from dam
Tailure. Concurrenily, liability insur-
ance costs have risen rapidly.

1.4 AN APPROACH TO
DAM SAFETY

An owner should be aware of and use
both diret and indirect means of
achieving dam safety. He can, of
course, monitor and work on factors
directly in his control (example,
structural integrity), and these direct
efforts are detailed below. However,
the owner may also influence govern-
mental policy and work for positive
change in statutes and laws that
affect dam safety {example, zoning
laws). Such indirect influerice by an
owner could result in a significant

] TABLE 1.4
Loss of Life and Property Damage from Notable U.S. Dam Failures,
1963-1983
Name & Location Date of Number of Damages
of dam failwre lives lost

Mohegan Park, Conn Mar 1963 6 $3 million

Litle Deer Creek, Utah June 1563 1 Summer cabins damaged

Baldwin Hilks, Calif. Dec 1963 5 41 houses destroyed, 936 houses
damaged. 100 apartment build-
ings damnged

Swift, Mont. June 1964 19 Unknown

Lower Two Medicine, Monl.  Jupc 1968 9 Unknown

Lece Lake, Mass, Mas 1968 2 & houses destroyed. 20 kouses

: dambpged, | manufacturing plant
damaged or destroyed.

Buffalo Creek, West Va, Feb 1972 125 546 houses destroyed, 538
houses damaged

Lake “O" Hills, Ark Apr 1972 I Unknown

Canyon Lake, S, Dak Yane 1972 kx! Unable to assess damage
becavse dam failure accom-
panitd damage caused by natural
Nooding.

Bewr Wallow, N.C. Feb 1976 1 house destroyed.

Teton, Idaho Jupe 1976 1] 711 bouses destmyed, 3.002
houses damaged, 246 business
damaged or destroyed

Laurel Run, Pa July 1977 319 6 bouses destroyed, 19 houses
damaged .

Sandy Run and 5 others, Pa Tuly 1977 5 Unknown

Kelly Bames, Ga Nov 1979 39 9 houses, 18 house trailers wnd 2
college buildings destroyed; 6
bouscs, § college buidings

_ . damapged.
North Creek, NY. Nov. 1979 0 Unknown
ﬁbnul 20 dams in Conn, June 1982 0 Unknown
wn Lake, Colo. July 1982 3 I8 bridges deswoyed, [17
businessex and 108 houses
damaged Campgrounds, fish-
cnies. power planl damaged.
DMAD, Utah June 1983 1 Unknown_

Sopurce: Gr;;;m, 1983,

contribution 10 the reduction of the
likelihood and consequences of dam
failure and thus, to overall com-
mumity safety.

Liability, insurance coverage, and
the roles of the Federal and state
governments shoufd all be well
understood by an owner. Addition-
ally, ant owner should have a thorough
knowledge of a dam's physical and
social environment, including know}-
edge of natural and technological
hazards that threaten the dam,
understanding of the developing
human setilement patterns around
the dam, and understanding of other
events that can lead to structural
failure. These indirect means of
achieving dam safety are covered in
more detail in Chaplers 2, 3 and
10.

Dam owners, can also influence the
safely of dams in more direct ways.
Owners can and should develop their
own safety programs. These pro-
grams should include such important
elemenis as inspection, monitoring
through  instrumentalion, main-
ienance, emergency action planning,
and proper operation, Such a pro-
gram is chrectly related to a specific
dam’s structure and its immediate
environment and depends on the
owner's knowledge of the dam and
how it works. Chapter 2 stresses the
need for owner’s knowledge about
the dam, while Chapters 4 through 9
cover the development of a dam
ownei's safety program.



CHAPTER 2

INTRODUCTION TO DAMS

2.0 GENERAL

The purpose of a dam is to impound
{store) water for any of several
reasons, e.g, {lood coatrol, human
water supply, irrigation, livestock
water supply, energy peneration, rec-
reation, or pollution control. This
manual primarily concenifates on
earthen dams which constitute the
majority of structures in place and
vnder development.

2.9 THE WATERSHED SYSTEM

Water from rainfall or snowmelt
naturally runs down hill into a stream
valley and then into larger streams or
other bodies of water. The “watershed
system” refers 10 the dratnage pro-
cess through which rainfait or snow-
mell is coilected into a particular
stream valley during natural sunoff
{directed by pravity). Dams con-
strucled across such a valiey then
impound the tunofl water and refease
it at a controlled rate. During perods
of high runoff, water siored in the
reservoir typically increases and
overflow through a spillway may

_ occur. During periods of low runoff,

reservoir levels usually decrease.
The dam owner can normally control
the reservoir level to some degree by
adjusting the quantity of water
reieased by the dam. Downstream
from the dam, the stream continues
to exist, but because the quantity of
water Rowing is normally controtied,
very high runoffs {lioods) and very
low runoffs {drought periods) are
avoided.

-

2.2 TYPES OF DAMS

Dams may be either man-made or
exist because of natural phenomena,
such as landslides or glacial deposi-
tion. The majority of dams are man-
made structures nommally constructed
of eanthfill or concrete. Naturally
occurring lakes may also be modified
by adding a spiltway to provide safe,
efficient release of excess water from
the resulting reservoir.

Dam owners should be aware of the
different types of dams, essential
components of a dam, how the com-
ponents functicn, and imporiant
physical conditions likely to affect a
dam. This chapter discusses several
of these factors.

Man-made dams may be classified
according to the type of construction
materials used, the methods used in
construction, the slope or cross-
section of the dam, the way the dam
resists the forces of the water pres-
sure behind it, the means used for
controlling seepage, and occasionally,
according the purpose of the dam.

A. Component Parts - The compo-

aent parts of a typical dam are
illustrated in Figure 2.1, Nearly
all dams possess the fealures
shown or variations of these
features. Definitions of the terms
are piven in the plossary of this
manual, Appendix C. The vari-
ous dam componeats are dis-
cussed in greater detail Jater in
- this manual

B. Construction Materials - The
materials used for construction
of dams include earth, rock,
tajlings from mining or milling,
conacrele, masonry, steel, timber,
miscellaneous materials (such as
plastic or rubber), and any com-
bination of these materials.

1. Embankment Dams - Em-
bankment dams are the most
common type of dam in use
today. They have the general



The ability of an embank-
ment dam to resist the hydro-
static pressvre caused by
reservoir water is primarily
the result of the mass weight
and strength of the materials
from which the dam is made.

2. Concrete Dams - Concrete
- dams may be categorized into
gravity and arch dams ac-
cording to the designs used to
resist the stress due o reser-
~ vpir water pressure, A con-
crete gravity dam (shown in
Figare 2.3} is the most com-
mon form of concrete dam. In
i1, the mass weight of the con-
crete and friction resist the
reservoir water pressure. A
butizess dam is a specific type
of gravity dam in which the
large mass of concrete is
reduced, and the forces are
diverted to the dam founda-
tion through vertical or
sloping buitresses. Gravity
dams are constructed of non-
reinforced vertical blocks of
concrete with flexible seals in
the joints between the blocks.

Figure 2.1 Typical Dom $He

shape shown in Figure 2.2,
Their side slopes typically
have a grade of two 1o one
{horizomal 1o vertical) or Nat-
ter. Their water retention
capability is due to the low
permeability of the entire
mass {in the case of a
homogeneous embankment)
orofa zone of low-permeability
material {in the case of a
zoned embankment dam).

Materials used for embank-
ment dams include natural
soil or rock obtained from
bomow areas or nearby guar-
ries, or waste materials
obtained from mining or mill-
ing operations. I the natural
material has a, high per-

meability, then a zone of very
low permeability material CUTOFF

(AR N R RN RN

UPSTREAM
BARRIER

0.-...."

must be included in the dam

to relain water.

g’?;%? lgfa"?.'f;:m Figure 2.2 Embankmeni Dam
damn depending on whether it

is  comprised mostdy of

compacied earth or mostly

compacled or dumped per-

vious rock.
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Concrete arch dams are 1yp-
ically rather thin in cross-
section (Figure 2.4}, The
reservoir water forces acting
ot ap arch dam are camied
lalerally into the abutmenis,
The shape of the arch may
resemble ascgment of a circle
or an ellipse, and the arch
may be curved in the vertical
plane as well. Such dams are
usuajly constructed of a serjes
of thin vertical blocks that are
keyed togelher; waterstops
are provided between the
blocks. Vanations of arch
dams include mulli-arch dams
in which more than one cur-
ved seclion is used and arch-
gravity dams which combine
some features of the two
types of dams.

A recently developed method
for construcling concrete grav-
ity dams involves the use of a
relatively weak concrete mix
which is placed and compact-
ed in a manner similar to that
used for earthfill dams. This
“roller compaclion”™ con-
struction technique has the
advantage of both decreased
cost and time. In addition,
there ar¢ no joinls where
seepage could occur.

. Other Types - Yarious con-

struction lechniques could be
used in a single dam.- For
example, a dam could include
an earth or rockfill embank-
ment as well as a porlion
made of concrete. In such a
case, the concrete seclion
would normally contain the
spillway of other outlet
works.

Other construction matenals
such as timber or timber
faced with steel sheeting have
been used for dam construc-
Gon in the past. In other
cases, crib walls constructed
of timber, sleel, or stecl mesh
filled with soil or rock were
used, In addition, many types
ol embankment and crib-wall
dams employed a concrete or
other impermeable facing 1o
aid in water retention. Masonry
dams (usually designed as
gravity dams) were also pop-
ular about |00 years ago.



A recent and increasingly
popular design for low-head
dams (minimum beight of
water behind dam) involves
the use of inflatable rubber or
plastic materials anchored at
the bottom by a concrete
slab.

Some dams are construcied
for special purposes such to
divert water of permit con-
struction of other facilities in
river valleys. These dams are
termed diversion dams and
cofferdams, respectively.

2.3 WATER RETENTION
ABILITY

Because the purpose of a dam is to
retain water efleclively and safely,
the water retention ability of a dam is
of prime importance. Water may
pass from the reservoir lo the
downstream side of 8 dam by:

¢ Seeping through the dam
Seeping through the abutments
Secping under the dam
Overtopping the dam

Passing throngh the outlet
works

Passing over an
spillway

The first three modes are considered
undesirable, particulasly if the seep-
age is not Limited in areal extent or
volume. Overtopping of an embank-
ment dam is also very undesirable
because the embankment materin!
may be eroded away. Additionally,
only a small number of concrete
dams have been designed to be over-
lopped. Water pormalty leaves a
dam by passing through an outlet
works; it should pass over an
emergency spillway only during
periods of very high reservoir levels
and high water inflow.

A Seepage Through a Dam - All
embankment dams and most
concrete dams have some seepage
through the dam. The earth or
other material used to construct
embankmert dams has some
permeability, and water under
pressure from the reservoir will
eventually seep through. How-
ever, H is important to control
the quantity of seepage by using
low permeability materigls in the
construction of the dam and by
channelling and restricting the
flow 50 that erosion of embank-
ment materials does not occur.

cmergency

Seepage through a concrete dam
is vsually minimal and is almost
always through joints between
blocks or through cracks or
deteriorated concrete which may
have developed. Maintenance of
these joints and cracks is therefore
essential. The seepapge water
should be collected and chan-
nelized, so that the quantity of
water can be measured and ero-
sion cen be minimized.
Seepage Around a Dam -
Seepage under a dam, through
the dam foundation material, or
arpund the ends of a dam
through the abutment matenals
may become a serious problem if
the flow is large or if it has suffi-
cient velocity to cause erosion.
Seepage under a dam also
creates high hydrostatic uplift
{pore water) pressures which
have the eflect of an upward
pressure diminishing the mass
weight of the dam, making the
weight of a gravity dam less
effective and therefore, the dam
less stable.

Seepage through abutments or
foundations can dissolve the
constitvents of certain rocks
such as limestone, dolomite, or
gypsum so that any cracks er
joints in the rock become pro-
gressively larger and in tum
allow more secpage. Abutment
or foundstion seepage may also
result in “piping” internal ero-
sion in which the flow of water is
fast encugh 1o erode away small
particles of soil. This erosion
progresses from the water exit
point backward 1o the water
entrance point. When that point
is reached, water may then flow
unrestricted resvlting in even
gealer crosion and probable
dam failure.

Obviously, it is not desirable to
allow large unrestricted seepage
o occur. To minimize this
possibility, dams are constructed
with internal impermeable bar-
riers and intemnat drainage facili-
ties such as drain pipes, filter
systems, or other drainage sys-
tems such as toe drains, blanket
drains, or chimney drains.

Flow through a dam foundation
may be diminished by grouting
known or suspecied highly per-
meable material, constructing a

cutofl wall or trench below a
dam, or constructing an upstream
impermeable blanket, Figuse 2.5
illustrates a cutofl trench and an
upstream bianket.

In summary, the overall water
retention ability of a dam de-
pends, on the permeability of the
dam, the abutments, the founda-
tion, and the efforts made to
reduce that permeability or re-
strict the flow of water through
those components.

2.4 RELEASE OF WATER

Intentional refease of water, as stated
earlier, is confined to waler releases
through outlet works or over emer-
gency spillways. An oullet works
commonly has a principal or mech-
anical spillway and a drawdown
facility. Additionally, dams should
be equipped with emergency spillways
ic manage extreme floods,

A. Principal or Mechanical Spill-
way - The principal or mechani-
cal spillway maintains the normmal
water Jevel in the reservoir. Its
funciion is to pass expected flood
flows past the dam in a safe and
nonerosive manner. it may con-
sist of a simple metal or concrete’
pipe through the dam or a system
of gates that discharge water
over the top into a concrete
spillway. Either method uses the
overflow principle. When the
reservoir reaches a certain level,
water flows into a stand pipe or
riser pipe or over a gate. Intake
structures for spillways must
have systems that prevent clog-
ging due to accumulations of
trash or debris.

B. Drawdown Facility - All dams
should have some type of draw-
down facility which can:-

» Quickly Jower the water level
f failure of the dam is
imminent

e Serve thé operational pur-
poses of the reservoir

e Lower the water fevel for dam

Itpairs

e Purposely fluctuate the pool
level 10 kil weeds and
mosquitpes
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The valve regulating the draw-
down facility should be on the
upstream end of the conduit to
minimize the risk to the dam
posed by a possible inlernal rup-
ture of the pipe.

Emerpency Spillway - As the
name implies, an emergency
spillway functions during emer-
gency condiions to prevent
overtopping of a dam. A typical
emergency spillway i1s an exca-
vated channel in earth or rock
near one abutmem of a dam, An
emergency spillway should al-
ways discharge away from the
toe of a dam, so that erosion of
the toe will not occur. Further-
more, the spillway should be

constructed in such a manmer
that the spillway itself will not
seriously erode when it is in use.
Obviously, erosional failure of
the spiliway could be as cata-
strophic as failure of the dam
itse}f. An emergency spillway
should be sized to convey the so-
called “'design flood™” the rare,
large magnitude Rood used to
establish design criteria. The
spillways of many existing dams
are now considered undersized
because standards for the design
flood have increased over the
yeass.






CHAPTER 3

HAZARDS, RISKS, FAILURES

3.0 GENERAL

Dam failures are severe threats to life
and property and are now being
recorded and documented much
more thoroughly than in the past
Recorded losses have been high. Lile
and property loss statistics fully jus-
tily the need for dam owners to better
vnderstand the risks to the public
posed by dams, the kinds of hazards
that promote these risks, and, gener-
ally, the reasons why dams fail.
Improving a dam owner’s under-
standing of realistic risks and possi-
ble reasons for failure is an essential
first step in any overall effon to
improve dam safety and preserve the
benefits of dam ownership.

3.1 HAZARDS AS SOURCES
OF RISK

Dam structure itseil can be a sovrce
of risk due to possible construciion
flaws and weaknesses which develop
because of aging. The site immedi-
ately surrounding the structure may
also increase structural risk if the
dam is not positioned or anchored
properly or i excessive reservoir
seepage erodes the foundation or
abutments. .

The physical hazards which can
cavse dam failure are translated into
high risks whea people or property
are threatened, and where the high
risks to which Americans are exposed
are exacerbated by a number of
imporntant factors, For instance, in
most siales, people are allowed to
settle below dams in-potential inun-
dation zones, thereby compounding
nsk. )

Natural hazards such as floods,
earthquakes and landsiides are also
unportant contributors to risk. These
natural phenomena are considered
“hazards" because development has
placed people and property in their
way, since most natural phenomena
existed long before mankind estab-
lished patterns of seitlement. Failure
1o adjust to these events has been

costly both to dam owners and the
public in general.

Human behavior is another eiement
of dam failure risk; simple mistakes,
operational mismanagement, tnnec-
essary oversights  or  destructive
intent can interact with other hazards
to compound Lhe possibility of
failure. Thus, a broad range of
natural and human hagzards exist
that, taken separately or in combina-
tion, increase the probability of dam
failure and injury 10 people and
property.

The foliowing discussion of some of
the most significant hazards that lead
to pubic risk illustrates the interrela-
tionship of events that can lead to
dam [ailure. . :

3.1.1 Natural hazards that threat-
en dams - The most imponant
natural hazards threatening dams
include:

= Flooding from high precipitation
¢ Flooding from dam failure

» Eanhquakes

+ Landslides

Flooding from high precipitation -
Of the natural events that can impact
dams, floods are the most significant
A floodplain map of the U.S. {Figure
3.1} gives some idea of the major
Rood-prone areas. Flash floods can
happen anywhere — even on small
drainages — but especially in the
west. Floods are the most frequent
and costly natural events that lead to
disaster in the U.S. Therefore, Nood
potentials must be ‘included in risk
analyses for dam failure. Dams are
sometimes construcled to withstand
a probable maximum flood (PMF)
assumed to occur on the upstream
watershed; this assumed event be-
comes the basis for the design of
safety factors built into the dam (e.g.,
enhanced structural elements or
spilway capacity). However, dams
are ofien built in areas where
estimates of the PMF are based on
rather short precipitation and runofl-
records. As a result, spillway capacity
may be underestimated.



10

Reprinied from the Journal of 5oil and Waler
Conservation, September-October 1985, -
Volume 40, Number 3.

Copyright 1985 Soil Conservalion Socicty of Americz \'

Flooding from dam foilure - When a
dam fails as a result of a flood, more
people and property are generally
placed in jcopardy than during
natural floods. The Rapid City,
South Dakota flood of 1970, which
killed 242 people, caused a dam
failure which added significantly to
the loss of Llife. When a natural Nood
occurs pear a dam, the probability of
failure and Toss of life almost
always increases.

The sdden surge of water generated

by a dam failure usually exceeds the

maximum flood expected naturaliy:
dam failure inundation zones and
100-year floodplains are seldom con-
gruent. The upper portion of an inun-
dation zone almost always exceeds
the 100-year f{loodplain con-
siderably; therefore, residences and
businesses that would escape naturel
flooding can be at extreme risk from
dam failore flooding. Hence, it is
important to make residents of those
structures cognizant of the full risk to
which they are exposed so that they
can respond accordingly.

When one dam fails, the sudden

surge of waler may well be powerful
enough to destroy another down-

= —  Limt ] Mg Trpw wl Purweny Dagam |med hedd

stream dam, compounding the disas-
ter. The potential for such a snowball
effect is prest, but the probiem may
seem remote to a dam owner who has
not studied the potential impacts of
upstream dams on his own structure.
Upstream dams may seem too {ar
away to be a reaj threat, but inunda-
tion zones and surge crests can
extend many miles downstream --
especially if the reservoir behind the
collapsed dam held a large quantity
of waler.

Earthquakes - Earthquakes are also

significant threats to dam safety. .

Both earthen and concrete dams can
be damaged by ground motions
caused by seismic activity, Cracks or
scepage can develop, leading 1o
immediate or delayed failure. Dams
such as those in California, located
near relatively young, active faults
are of particular concemn; but dams
(especially older concrete and easthen
structures) localed where relatively
low-scale seismic evenis may occur
are also at risk. Areas of the U5,
where significant seismic risks exist
are indicated in Figure 3.2. However,
recent detailed seismic analyses have
indicated 2 much broader area of

—_——— 1w &l Physiagrpphe Praviea s
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seismicity sufficient to damage dams;
the seismic risk is essentially aation-
wide. Dam owners should be aware
of the history of seismic activity in
their focality and should develop
their dam safety emergency pro-
cedures accordingly.

Landslides - Rock slides and land-
stides may impact dams directly by
blocking a spillway or by eroding and
weakening abutments. Indirectly, a
large landslide into a reservoir
behind a dam can cause an overflow
wave which will exceed the capacity
of the spillway and lead to failure. A
land {or mud) slide can form a
natural dam across a stream which
can then be overtopped and fail. In
tumn, failuse of such a natural dam
could then cause the overtopping of a
downstream dam or by itseil cause
damage equivalent to the failure of a
human-made dam. In addition, Jarge
increases in sediment caused by such
events can materally reduce storage
capacily in reservoirs and thus
increase a downstream dam's vulner-
ability to fooding Sedimentation
can alsc damage low-level gates and
waler outlels; damaged gates and
outlets can lead to failure.
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Figure 3.2 Selsmic Map of the Unlted States: Reproduced from the Untform Bullding
Code, 1979 (1982)(1985) ediion.

SEISMIC RISK MAP OF
THE UNRITED STATES

ZONE 0 No damage.

ZONE 1 Minor damage, distant earthquakes
mli canse damege 10 structures
with fundamental periods greater

than 10 seconds, corresponds to
tntensities V amd VI of the MM.*
ale,

ZONE 2 Moderate damage: comespends to
intensity ¥ of the M. M. * Scale.

ZONE 3 Manajor damage, conmesponds o
intensity Vill and higher of the
MM* Scale,

ZONE 4 Those arcas within Zome 3 deter-
mined by the proximity to certain
major fault systemns.

*Modified Mercatal Intensity Scale of 931

- 3.1.2 Hazards from human activ-

ity - Human activity must also be
considered when analyzing the risks
posed by dams. By convention,
classification of potential dam failure
risk is based on the severity of poten-
tial impact, not on the sbructural
safety of the dam. Thus; dams that
may be of very sound construction
are labeled “high hazard™ if Failure
could result in catastrophic loss of
life — in other words, if people have
setled in the potential inundation
zone. The “high hazard” designation
does not necessarily imply structoral
weakness or an unsafe dam. Lower
classifications include “significant
hazard™ dams for which failure is
estimated to result in jarpe property
joss, and “low hazard™ dams for
which failure is estimated to result in
minimal property loss, The following
is a recommended guide {or classify-
ing dam hazards (Table 3.1).

Risk may well increase through time
because few governmental cptitics
have lound the means to limit settle-

ment below dams. More high and
sigmficant hazard dams are con-
tinually being “created™ as develop-
ment ocowrs in potential inundation
z0DeS.

Many other complex aspects of set-
tlement and development must be
considered in assessing dam risks.
Because of short-term revenue needs
or other pressures, governments

" ofien permit development in hazard-

ous arcas despite long-term danger
and the risk of high fulure disaster
costs. Diversion of settlement away
from potential inundation zones is &
sure means of reducing risk, but is not
always a policy suitable to the
immediate needs of local govern -
ment. Perhaps the vltimate irony for
a dam owaer is {0 have developed

TABLE 1.4
HAZARD POTENTIAL CLASSIFICATION FOR DAMS

Category Urban Development Economic Loss

Low No permanent structures for Minimal {Undeveloped o
human habitation. occasional structures or

apriculture).

Significant Utban development with more Appreciable {Notable
than a small number of habit- agriculture, industry).
able struchurces,

High No urban development and Excessive { Exiensive com-

more than x small number

habitable structures.

manity, industry or agnculture).

{(Source: U.S. Army corps of Engineers 1982b)



and implemented a safety program
and then to have settlemenl permit-
ted in the potential inundation zone
so that the owner’s fiability increases.

Two extremes of human purpose -
the will to destsoy through war or
tervortsm and the wge to develop and
to construct - can both result in
public nisks. Dams have proven o be
aftractive wartime targets, and they
may be tempting to tervorists. On the
other hand, a terrorisU’s advaniage
from holding the pubbc at risk may
well be illusory; the deliberate des-
truction of a dam is nol at all easy to
bring aboul. Yet the possibility exists
that such an act could take place, and
it should not be discounted by the
dam owner.

All sorts of other buman behavior
should be included in risk analyses;
vapdalism for example cammot be
excluded and is in fact, a problem
faced by many dam owners, Vegetated
serfaces of a dam embankment,
mechancal equipment,
covers and rock riprap are par-
ticularly susceptible to damage by
people. Every precaution should be
taken to )imit access to a dam by
unauthorized persons and vehicles,

Dirt bikes (motorcycles) and four-
wheel drive vehicles, in partjcular,
can severely degrade the vegetation
on embankments. Wom areas lead 1o
erosion and more serious problems.

Mechanical equipment and associated
control mechanisms should be pro-
tected from purposeful or inadvertent

tampering. Buildings housing mech- -

anical equipment shou!d be sturdy,
have protected windows, heavy duty
doors, end should be secured with
deadbolt locks or padlocks. Detach-
able controfs, such as handles and
wheels, should be removed when not
in use and stored inside the pad-
locked building. Other controls should
be secured with locks and heavy
chains where possible. Manhole
covers are often removed and some-
times thrown imMo reservoirs or
spillways by vandals.

Rock used as nprap around dams is
sometimes thrown inte the reser-
voirs, spillways, stilling basins, pipe
spillway risers, and elsewhere. Rip-
1ap is ofien displaced by fishermen to
form benches. The best way to pre-
vent this abuse isto vse rock too large
and heavy to move easily or 1o shush
grout Lhe riprap. Otherwise, the rock
musi be repularly replenished and

manhole .

other damages repaired Regular
visual inspecilion can casily detect
such human impacts.

Owners should be aware of their re-

* sponsibility for the safety of people

using their facility even though their
entry may nol be authorized. “No
Trespassing” signs should be posted,
and lences and waming signs should
be erected around dangerous areas.
As discussed in Chapler [0, liability
insurance can be purchased to pro-
tect the owner in.the event of
accidents.

3.2 SITE-SPECIFIC
STRUCTURAL RISK

Developing site-specific risk analyses
involves consideration of a number of
hazards. Such analyses ase helpful in
stimulating better awareness, plan-
ning and design. In some cases dam
structure analyses are gquantitalively
based, and precise conclusions about
engineering and design can be made,
Probabilistic analyses can also be
important and useful. Siill, exact
quantitative and probabilistic tools
are not yet applicable in many
situations and do not fully supple-
ment or replace qualitative analyses
— informed perceplion and jndgment
of the risks. Judgment and engineer-
ing experience should play an impor-
Lani role in reaching useful conchusions
in any sile-specific analysis of struc-
turat risk. '

As mentioned in Chapter 2, struc-
tural risks tend 1o result from design
and construction problems related to
the dam materials, construclion prac-
tice and hydrology. The complexity
of the hazard is such that structural
design and causes of dam lailure are
significant areas of research in
engincering. Indeed better design
crileria have been developed and
safer dams are being built, but there
is no basis for complacency. Dams
coptinue 1o age, people continue to
move into inundation zones and
enough hazards exist that the net risk
o the public will remain high for
many years.

3.3 SOURCES OF DAM
FAILURE

There are many complex reasons —
both siruciural and non-structoral —
for dam failwre. Many sources of
failure can be traced to decisions
made during the desipn and construc-
tion process and to inadequate mainten-
ance or operalional mismanagement,
Failures have also resulled from the
natural hazards already mentioned —
large scale flooding and earthquake
movemenl. However, from the per-
spective of the owner, the structure of
a dam is the starting point for thorough
understanding of the polentials for
failure. :

The Intemnational Commission of
Large Dams (ICOLD) conducted a
study of dam failures and accidents.
Figures 3.3 through 3,5 sammarize
the data (which pertain only to dams
more than 15 feet high and include
only failures resulting in water
releases downstream).

3.3.1 Three categories of struc-
tural Failure - Three categories of
structuraf failure alluded to in Chap-
ter 2 are:

e Overlopping by flood

* Foundation defects

* Piping

Qvertopping may develop from many
sources, but often evolves [rom
inadequate ‘spillway design. Alter-
natively even an adequate spillway
may become clogged with debris. In
either situation, waler pours over
other parts of the dam, such as abut-
ments or the dam toe and erosion and
failure follow.

Concrete dams are more susceptible
to foundetion failore than overtop-
ping whereas earthfll dams suffer

- from scepage and piping. However,

when overtopping and foundation
failures are lumped together, they
tepresent 82 percent of the failures
studied by the 1ICOLD.

Figure 3.3 shows the relative impor-
tance of these three main categories
of failure. Overall, these three events
have about the same rate of incidence.
A wmore specific analysis of the
potential sources of failure has to
take into accoumt types of dams.
Similasty, the characteristics of the
type of dam being monitored will
point 10 problems requirtng more
careful attention by the owner when
developing a safety program.
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3.3.2 Failures by dam type - Figore
3.4 shows the relation between dams
built and those that failed for various
dam types ffom 1900 to 1969,
Gravity dams appear the safest,
followed by arch and {ill dams. But-
tress dams have the poorest record
but are also the ones used least.

Embankment or Eanthfilf Dams -
The major reason for lailure of fill or
embankment dams was piping or
seepage (38 percent; Figure 3.3)
Other hydrologic failures were sig-
nificant, inclhiding overlopping and
erosion from waler flows. All earthen
dams exhibit some seepage; however,
as discussed eariier, this seepage can
and must be controlled in velocity
and amount. Seepage occurs through
the structure and, if uncontrolled, can
erode material from the downstream
slope or foundation backward toward
the upstream siope. This *‘piping”
phenomenon can lead to 2 complete
faiture of the structure. Piping action
can be recognized by an increased
seepage flow rate, the discharge of
muddy or discolosed water below the
dam, sinkholes on or near the
embankment, and a whirlpool in
the reservoir.

Easth dams are particularly suscept-
ible to hydrologic failure since most
sedimenis ercde at relatively low
waterflow  velocities. Hydrologic
failures result from the uncontrolled
flow of water over the dam, around
the dam, adjacent to the dam, and the
crosive action of water oa the dam’s
foundation. Once erosion has begun
during overtopping, it is almost
impossible to step. In a very special
case, a well-vegelated eanth embank-
ment may withstand Hmited overtop-
ping if water flows over the top and
down the face as an evenly dis-
tributed sheet and does not become
concentrated in a single channek

- Table 3.2 lists examples of earthen

dam failutes cavsed by some of
these condilions.
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_TABLE 3.2
EXAMPLE OF EARTHEN DAM FAILURES

SOUTHFORK, PENNSYLVAMNIA

The fumous Johnatown disaster, cansed by the fuilure of the South Fork Dam in 1889 in
which 2,209 people were kilked, it an example of the overtopping of an carthen dam.
Heavy rainfal in the upper drainage basin of the dam filled the reservoir and cavsed over-
1opping. It was later calculated that il a spiliway had been buil according to specifications
and if the originat outlel pipes had been available for full capacity discharge, there would
have been no overtopping.

TETON DAM, IDAHO

The Teton Dram failure in 1976 was sttributcd to (1) internal erosion {piping) of the core
of the dam deep in the right foundation key trench, with the eroded soil pasticles finding
exits through channels in and along 1he interface of the dam with the highly pervions abut-
menl rock and talus to points at the right groin of the dam; (2) destruction of the exit
avenues and their removal by the outrush of reservoir water; (3) the existence of openings
through inadequately sealed rock joints which may have developed through cracks in the
core zone in the key trenchy (4) the development of piping through the rmain body of the
dam that quickly led to complete Failure; and (5) the design of the dam did not adeqguately
take into sccount the foundation conditions and the charactenistics of the soil vsed for fill-
ing the key trench

BALDWIN HILLS AND ST FRANCES DAMS, CALIFORNIA

The Baldwin Hills Dam failed in 1963 following displacement of its loundation. Founda-
tion probletns were ultimalely iraced to seismic activity along nearby faults. The failore of
the large St. Francis Dam {part of the waler supply sysiem for Los Angeles) in 1928 was
also atiriibuied 10 a veriety of problems related to foundation pressurcs, seepage arcund
the lonndation and operation, -

(Janscn, 1980).

TABLE 3.3
EXAMPLES OF CONCRETE DAM FAILURES

AUSTIN, PENNSYLVANIA

An example of a foundalion problem can be found in the Maituye of -the Auslin,
Pennsylvania Dam in September, 1911, Evidently, the reservoir was {illed before the
concrele bad sci sufficiently. Eventual feilure near the base occurred because of weakness
in ihe foundetion or in the bond between the foundetion and the concicle.

WALNUT GROVE, ARIZONA

In 1890, the Walnut Grmrc dam on the Hassayompa River (ailed due to overtopping, kil
ing about 130 people. The failure wes blamed on inadequate capacity of the spillway and
peor construction and workmanship, A spillway 6 X 26 feet had been blasied out of rock
on one abulmenl, but with a drainage area above the dam site of sboui 500 squage miles,
the spillway could not provide pearly enough discherge capacity.

(Jansen, 1980)

Concrete Dams - Failure of concrete
dams is primarily associated with
foundation problems. Overtopping is
also a significant cause again primar-
ily when spillways are built' with
inadequate capacity. Other causes
include failure 10 let concrete sei
properly, and earthqunakes, The
examples summarized in Table 3.3
fllustrate typical foundation prob-
Jems leading to dam [ailure,

133 Age and its relation to
failure- Figore 3.5 illustrates cavse
of [ailure as a function of a dam’s age

" st the time of failure. Foundation

failures occurred relatively early,
while other causes generally took
much lopger to materialize, Thus, it
is not surprising that a very large per-
centage of all dam failures occor dur-
ing initial filling, since this is when
design or construction flaws, or Iatent
site defects, appear.

In summary, this outline of the
hazards, risks, and failures associ-
ated with dams is provided so that
owners will have an overview of the
problem with which they must deal.
Each aspect of a safety program
should be visualized by the dam
owner in terms related 10 the most
probable sources of failure for a par-
ticular dam.
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CHAPTER 4

DEVELOPING A SAFETY PROGRAM

4.0 OBJECTIVES OF A
SAFETY PROGRAM

The significance of the dam failure
problem points oul the need for a
dam safety program. Such a program
should be based on an evaluation
to determine a dam’s structaral and
operational safety. The evaluation
should identiy problems and recom-
mend either remedial repairs, opera-
tional restrictions and modifications,
or further analyses and siadies fo
determine solutions to the problems.

A salety program comprises several
components addressing the specirem

of possible actions to be taken over

the short and long term. These
actions include:

* Assessing the condition of the
dam and s components

® Conducting preliminary and
detailed inspections

® ldentifying repairs and continu-
ing maintenance needs

* Establishing periodic and con-
tinuous monitoring capabilities
over the long-term

» Establishing an emergency
action plan to help minimize
adverse impacts should the dam
fail

* Establishing operations pro-
cedures which recogpize dam
failure hazards and risks

e Documenting the safety pro-
gram so that the information
established is available at times
of need and can be readily
updated

Development of a safety program
involves a phased process bepinning
with collection and review of existing
information, proceeding to detailed
inspections and analyses, and cul-
minating with formal documentation.
Much of the preliminary work can be
accomplished by the dam owner with
the assistance of slate and local
public agencies. However, depending
upon the number and seriousness of
preblems identified by the initial
assessment, professional assistance
by qualified engineers and conbac-
tors may be required.

4.4 GUIDELINES FOR
ASSESSING EXISTING
CONDITIONS

The guidelines for assessing existing
conditions are a sequence of steps
that wili enable a dam owner to
secure the information needed o
determine the need for subsequent
delailed investigations, repairs and
maintenance. The steps include:
e Reviewing existing data
+ Visiling the site
= Inspecting the dam
# Assessing significance of ob-
served conditions
¢ Deciding what 1o do next
Reviewing Existing Data - The
important first step is to collect and
review available information on the
dam - its design, construction, and
operation, A first requirement is a
good map of the site. Maps of the
watershed and the downstream chan-
nel reaches are aiso valuabie. The
design of the dam and its appurtenant
structures should be reviewed to
assess its actual performance com-
pared 1o that intended. Engincering
records originating during construc-
tion should be reviewed to determine
if structures were constructed as
designed. Records of subseguent
construction modifications should be
coilected, as well as operation records
which document the performance of
the dam and reservoir. Any pre-
vionsly prepared emergency action
plan should be reviewed 1o determine
if it is up to date and workable, AH

- these records should be incorporated

into a notebeok or file; they are most
important in establishing a safety
program and its supporting documen-
tation. Chapters 5 throuph Chapter
10 provide information to aid the
development of such documentation,
1t may be, however, that no records
exist In this instance, a detailed
examination of the structure is
appropriate.

Visiting the Dam Site - The next
step is to visit the site. Undoubtedly,
the dam site is well known and has
been visited numerous times, but in
this visit, there are some particuiar
things to ook for. A fresh look at the
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dam structure and its surroundings
From the point of view of its polential
hazard is required.

Inspecting the Dam - 1t will be
necessary 1o take a detailed and sys-
tematic look at all components of the
dam and reservoir system. The des-
criplion of the sile’s components
(Chapter 2) should aid this inspec-
tion. The descrplions are generalized,

and il must be recognized that dams,

and their components come in varous
shapes and sizes and differ greatly in
detail. Featvores to inspect include:

¢ Access roads and ways
Upstream slope

Crest

Downstream sfope

Left and right abulments
Spillways

Outlets and drains

Reservoir prea {exposed and
submerged)

Conditions 1o lock for range from
obvious deterioration, cracks and
slumps, and boiling seepage to not-
so-obvious intemal corrosion and
wealhenng, settfement, and founda-
tion rock deterioration and/or dis-
solution. A dam may look stable but
be susceptible to failure resuliing
from gradval deterioration of its
intenal structure. Regular and very
detailed inspections {Chapler 5) and
follow-up monitoring (Chapter 6)
and mainlenance (Chapler 7) are
needed to assure the maximum level
of safety.

_ Assessing Significance of Observed
Conditions - Chapter 5 presents
detailed information on conducting
inspections and assessing the sipnifi-
cance of observed conditions. Typ-
ically, eroded areas, seepage, shdes,
and outflow draw the most attenbion.

Deciding What To Do Next - These
initial activities will have provided a
good stant to establishing a dam
safety program. Available informa-
tion on design and construction of the
dam and later structural mod-
ilications provides perspective on its
existing condition relative to that
inlended. Il no documentation exists,
then development of equivalent detail
should be a hirst prionty.

Inspection and documentation assis-
tance is available from several sour-
ces incloding state and Jocal agencies
responsible for dam safety. Pro-
fessional engineering consullants can
also provide detailed inspections,
testing, analyses, and documentation
{Chapter 10).

4.2 PROCEDURAL
GUIDELINES -
A SOURCEBOOK

This chapler provides an overview of
how to ecstablish a safety pregram.
Subsequent chaplers detail technical
and procedural steps of the variovs
safety program componenis. They
inchude:

e Detailed Inspection Guidelines
(Chapter 5)

* Moniloring and Instrumenta-
tion Guidcelines {Chapter 6)

e Maintenance Guidelines (Chap-
ter 7)

o Emergency Action Guidelines
{Chapter 8)

® Operations Guidelines {Chap-
ter 9)

These program componenis can be
visualized as a sequence of initial and
cobtinuing activities to jnsure dam
safety. They are illustrated in
Figure 4.1,

Apgain, the program of inspection for
both the initial and continuing salety-
evaluations establishes the condition
of the dam and provides the base of
information necessary for specific
actions involving repair, operation,

and monitoring. The flow chart illus-
trates the cyclical nature of the pro-
pam and the need for continuing
vigilance. Emergency action can
hopefully be avoided, but a well
thought out plan of action (Chapter
B) in case of imminent or actual
failure can greatly reduce damage
and loss of life.

4.3 DOCUMENTING THE
SAFETY PROGRAM

It is important 10 document a safety
program in order to make maximom,
reliable use of information about the
dam. The procedural guidelines that
follow can serve as an outline or table
of contents for a safely program
repor, The operations ptan (Chapter
9) presents a detailed outline of the
information that should be included
in the documentation. The chapters
which follow suggest forms for

_inspections, moniloring, etc. which

can be used to record information. It
is heipful lo maintain all the material
in a single notebook or file so that it
can be updated and available when
needed. Duplicate copies of much of
the file should be stored at a different
location from the original.
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Tobie 5.1 lists features to be inspected ot o
dam and the problems or deficiencies to be
looked for. The sperific sections of rhis
manttal it which the varigur features are dis-
cussed ore ahio indicated

TABLE 5.1

INSPECT FOR

FEATURE

EMBANKMENT DAM (5.3)

Upstream Slope
Downstream Slope
Abuuments

Crest

Seepage Areas
Internal Drainage
Relief Drains

CONCRETE DAM (5.4)
Upstream Face
Downstream Face
Abutments
Crests

SPILLWAYS (5.5)
Approach Channel
Stlling Basin
Discharge Channel
Conuol Features
Erosion Protection
Side Slopes

INLETS, QUTLETS
AND DRAINS (5.6)
Inlet & Cudets
Stlling Basin
Discharge Channe!}
Trashracks
Emergency Systsms

GENERAL AREAS (5.7)
Reservoir Surface
Shoreline
Mechanical Sysiems
Electrical Systems
Upstrearn Watershed

Downstrecam Flood-
Plains
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CHAPTER 5

INSPECTION GUIDELINES

5.0 INTRODUCTICN

An effective inspection program is
essential for idemtifying problems
and providing safe maintenance of a
dam. An inspection program should
involve three types of inspections:
(1) penodic technical inspections,
{2) periodic maintepance iRspec-
tions, and {3) informal observations
by project personnei as they operale
the dam. Technical inspections must
be performed by specialists familiar
with the desipn and construction of
dams and should inciude assessments
of structure safety. . Maintenance
inspections are performed more fre-
guently than technical inspections in
order to detect at an early stage any
developmenls which may be del-
rmental to the dam. They involve
assessing operational capability as
well as structural stability. The third
type of inspection 15 actually a con-
tinuing effort by on-site project per-
sonnel (dam tenders, powerhouse
operators, maintenance personnel)
performed in the course of their nor-
mal duties. Education of new person-
nel s required to assvre the continved
effectiveness of these inspections.

Visual. inspection performed on a
regular basis is one of the most
econvomical means a dam owner can
use {0 assure the safety and long life
of a dam and its immediate environ-
ment. YVisual inspection is a straight-
forward procedure that can be used
by any properly trained person lo
make a reasonably accurate assess-
ment of a dam’s condition. The
inspection involves careful examina-
tion of the surface and all paris of the
structure, including its adjacent
environment The equipment required
is not expensive, and the inspection
usuvally can be completed in less than
onc day.

5.1 INSPECTION GUIDELINES

Table 5.1 lists dam components and
conditions which may be observed
during an inspection. The table sum-
marizes the detailed guidelines pre-
sented in subscquent seclions of
this chapter.

Section 5.3 Embankment dams
Section 5.4 Concrete dams

Section 5.5 Spillways

Section 5.6 Inlets, outlets and drains
Section 5.7 Other areas

At the end of the chapter, diagrams
and tabular listings of the guidelines
(Figures 5.3 through 5.6) are pre-
sented for the varous dam com-
porenis. The puideline tables provide
a quick reference to be used in
assessing observed conditions, their
probable cause and possible conse-
quences, and remedial actions. The
guidelines also  point out the
HAZAPRDOUS problems where
evaluation by an ENGINEER is
required.

The dam owner, by applying the
maximum predent effort, can identify
any changes in previously noted con-
ditions that may indicale a safety
problem, Quick corrective action to
conditions reguiring attention will
promote the safety and extend the
useful life of the dam while possibly
preventing costly future repairs.



12

5.2 ORGANIZING FOR
.INSPECTION

All inspections should be organized
and sysiematic, and inspectors should
use equipment appropnate for the
task, record observations accorately,
and sorvey the structure and site
comprehensively.

Equipment - Equipment vseful for
inspections is listed in Table 5.2,

Recording Inspeclion  Obser-
vations - An eccurate and detailed
description of conditions observed
during each inspection will enable
meaningful comparison of conditions
observed at different times. All
measurements and observed details
required to get an accurate picture of
a dam’s current condition and possi-
ble problems should be recorded
This information has three elemenis:

_ TABLE 5.2
Inspection Equipment and Its Use

Inspection Checklist - Serves as a seminder of all important conditions to
be examined.

Notebook and Pencil - Should be on hand so that observations can be written
down at the time they are made, thus reducing mistakes and avmc’ung the need to
relum to the site 1o refresh the inspector’s memory.

Tape Recorder - Can be effective in making a record of field observations.

Camera - Can be used to provide photographs of observed field conditions.
Photographs taken from the same vanlage points can also be va]uab!e in compar-
ing past and present conditions.

Hand Leve] - May be needed to accurately locate areas of interest and to deter--

mine embankment heights and slope.

Probe - Provides information on conditions beJow the surface, such as the depth
and sofiness of a saturaled area.

Hard Hat - Should be used when inspecting large outlets or working in construc-
tion areas.

Pocket Tape - Provides accurate dimensional measurements so that meaningful
comparisons can be made of movements.

Flashlight - May be needed to inspect the interior of an oullet in & small
dam.

Shovel - Useful in clearing drain ovtfaills, removing debris, andlocalmgmomlor—
ing points.

Rock Hammer - Can be used to check qucstionsblc—looking riprap or concrete
for soundness. Care must be taken not to break through thin spots or canse
unnecessary damage.

Bonker - Is used to determine the condition of suppost material behind concrete
or asphalt faced dams by firmly tapping the surface of the facing material. Con-
crete Fully supported by fill material produces a “click” or **bink™ sound, while
facing matenial over a void or hole produces a “clonk” or “bonk™ scund. A bonk-
1 can be made of | 1/4-inch hard wood dowel with a metal tip firmly fixed to the
tapping end.

Binoculars - Are useful for inspeciing limited access areas, espectally on con-
crefe dams.

Yolume Containcr and Timer - Are used to make accurste measurements of the

rate of leakage. Yarious container sizes mey be required, depending on the
flow rates.

Stakes and Flagging Tape - Are used to mark areas requiring future attention
and to stake the limits of existing conditions, svch as cracks and wet areas, for
futvre comparison.

Watertight Boots - Are recommended for inspecting areas of the site where
standing water is present.

Bug Repellent - Is recommended during warm weather. Biting bugs can reduce
the efficiency and effectiveness of the inspecior.

First Aid Kit - Is particularly recommended for inspections in areas where rat-
Uesnakes or other poisonous snakes might be present.

1) Location - The location of any
questionable area or condition
must be accurately described-so
that the area or condition can be
evaluated for changes over time
or reexamined by experts. Photo-
graphs can be helpful in this
regard. The localion along the
dam, as well as above the loe or
below the crest, should be estab-
lished and recorded. Problems in
the outlet or spillway should be
stmilarly located. '

2) Extent or Area - The length,
width, and depth or height of any
suspected problem area should be
determined.

3) Descriptive Detail - A brief yet
detailed description of an anom-
alous condition should be given.
Some items to include are:

* Quantity of drain outflows

¢ Quantity of seepage from
point and area sources

* Color or guantity of sedi
menl in water .

s Depth of deterioration in
concrele

e Length, displacement, and
depth of cracks

e Exient of moist, wet, or
saturated arcas

e Adequacy of protective
cover

e Adequacy of surface drain-
age

e Steepness or configuration
of slopes

* Apparent deterioration rate
e Changes in condilions

Coverage - An inspection is conduct-
ed by walking along and over a dam
as many limes as is required 1o
observe the entire structure. From
any given location, a person can
usvally gain a detailed view for 10 to
30 feet in each direction, depending
upon the smoothness of the surface
or the type of matenal on the surface,
(i.e., grass, concrele, riprap, brush).
On the downsiream slope 2 zigzag
inspection path should be used to
assure that any cracking is delected.

Sequence - A sequence of inspection
insuring sysiematic coverage of an
entire site is:

Upstream slope
Crest
Downsiream slope
Seepage areas
Outfet

Spillway



Following a consistent sequence
lessens the chance of an important
condition being overlooked. Re-
porting inspection results in the same
sequence is recommended (o ensure
consistent records, Inspection forms
are included in Appendix A, The
forms should be supplemented with
additional details specific 1o a given
dam.

Record Keeping - A dated report
should be filled out for each inspec-
tion, and should be filed along with
any photographs taken (which should
also be dated), In addition to inspec-
tion observations, moniloring mea-
surements and weather conditions

{especially recent rains, extended dry

spells and snow cover) should also be
systematically recorded and included
in the inspection record,

Immediately following an inspection,
observations should be compared
will previous records to see if there
are any trends that may indicate
developing problems. If a question-
able change or trend is noled, and
failure is not imminent, a dam owner
should consuit a professional engineer
experienced in dam safety. Quick
reaction lo questionable conditions
will ensure the safety and fong Jife of
a dam and possibly prevent costly
repairs.

Crucial Inspection Times - There
are at Jeast five special times when an
inspection is recommended regard-
iess of the regular schedule.

1. Priorto a predicted major rainstorm
or heavy snow melt; check spill-
way, outlet channel, and riprap,

2. During or afler a severe rain-
stomm; check spillway, outlet
channel, and riprap,

3. During or following a severe
windstorm; check riprap perfor-
mance during the storm (if pos
sible} and again afier the storm
has subsided, :

4. Following an earthquake in the
area; maeke a complele inspection
immediately after the evenmt and
weekly inspections for the next
several months to detect any
delayed effects,

5. During and immediately afier the
first reservoir Alling; schedule a
regular program of frequent com-
plete inspections during the period
a reservoir is first being flled to
assure that design and site con-
ditions are as predicled In most
states, en inspection and filing

schedule are prescribed by the
design engineer and approved by
the state engineer.

5.3 EMBANKMENT DAMS
AND STRUCTURES

Embankment dams constitute the
majority of structures in place in the
U.S. Table 5.1 presents a general
directory of embankment features to
be inspected and the conditions to
look for. The major features include;

o Upstream slope

* Downstream slope

s Crest

® Seepage areas

Many of the principles and guidelines
presented in this section are also
applicable to concrete stroctures.

5.3.1 Upstream Slope - Typically,
major problems encountered on an
upstream slope are:

* Cracks

® Slides -

® Cave-ins or sink holes

- & Severe erosion

The first three conditions may indi-
cate serious problems within the
embankment., Severe erosion obvi-
ously can weaken the structure. An
upstream slope should receive a
close inspeciion because riprap and
high water levels can hide problems.
{Whea walking on riprap, caution
shouid be used to avoid personal
injury.) When a reservoir is emptied,
the exposed slope should be thorough-
ly inspected for settlement areas,
rodent activity, sink holes, or slides.
Also, the reservoir basin {bottom of
the reservoir) should be inspected for
cave-ins or sink boles.

Again,” most importantly, a criss-
cross path should be used when
inspecting the slope so that cracks
and siides can be casily identified. In
many instances, sighting along the
water line alignment will indicate a
change in the uniformity of the slope;
an inspector should stand at one end
of the dam and sight along the water
line checking for straightness and
vniformity. If a crack is seen, the
crest and dewnstream slope in its
immediale area shovld be carefuily
mmspected.

Cracks indicate possible foundation
movement, embankment fejlure, or 2
surface slide. Locating them can be
diflicult. Cracks can be less than an
inch in width, bt still several feet
deep. Cracks | foot deep vsually are
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not produced by drying and usually
are cause for concem. A line of
recentty dislodged riprap on an
upstream slope could indicate a
crack below the riprap.

Slides can be almost as difficult to
detect as cracks. When a dam is con-
structed the slopes may not be uni-
formly graded. Familiarity with the
slope configuration at the end of con-
struction can help identify subse-
quent slope movements. Moreover,
the appearance of slides may be sub-
ile; for example, they may produce
only aboul 2 feet of settlement or
bulging in a distance of 100 feet or
more, yet this would still be a signifi-
cant amount of settlement. Dated
photographs are particularly beipful
in detecting such changes.

Sink holes or cave-ins result from
internal erosion of the dam — a very
scrious comdition for earthen em-
bankonents. The internal erosion, or
piping, may be reflected by turbid
seepage water on exil. Surface soil
materials may be eroded by wave
action, rain runoff, and burmmow
activities, If allowed to continue, the
embankment thickness can be reduced
and the structure weakened

5.3.2 Dowastream Slope - A
downstream slope should be inspect-
ed carefully because it is the area
where evidence of developing prob-
lems appears most frequently. To
assure adequate inspection, this area
should be kept free from obscuring
weeds, brush, or trees.

When cracks, slides or sespage are
noted in the downstream slope, the
designated dam safety osuthorities
should be notified immediately,

On the downstream slope, some of
the more threatening conditions that
could be identified are: :

s Cracks

* Slides

s Seepage

Cracks can indicate settlement, dry-
ing and shrinkapge, or the develop-
ment of a slide. Whatever the cause,
cracks shouid be monitored and
changes in length and width noted.
Drying cracks may appear and disap-
pear seasonally and normally will not
show vertical displacement as will
settlement cracks or slide crecks.

Slides require immediate detailed
evaluation. Early waming signs
include a buige in the embankment
near the 10¢ of a dam or vertical dis-
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placement in the upper portion of
an embankment.

Seepage is discussed separately
below.

H any of these three conditions are
seen or suspected, the state engineer’s
office should be notified immedintely,
K a downstream slope is covered
with heavy brush or vegetation, a
more concerted search must be
made,

5.3.3 Crest - A dam’s crest usually
provides the primary access for in-
spection and maintenance, Because
surface water will pond on a crest
unless that surface is well maintained,
this part of a dam usually requires
periodic regrading. However, prob-
lems found on the crest should not be
simply graded over or covered up.
When a questionable condition js

found, the state’s dam safety
engineers  should be polified
immediately.

On the crest, some of the more
threatening conditions that may be
identified are:

* 1ongitudinal cracking
* Transverse cracking
* Misalignment

Longitudinal cracking cen indicate
focalized instability, differential set-
tlement, and/or movement between
adjacent sections of the embank-
ment. Longitudinal cracking is typ-
ically characterized by a single crack
or a close, parsliel system of cracks
along the crest in a direction more or
less paralle] 1o the axis of the dam.
These cracks, which are usually con-
tinuous over their leagth and are
usually greater than 1 foot deep, can
be differentiated from drying cracks
which are usuaily intermittent, erratic
in pattern, shallow, very narrow,
and numerous.

Longitudinal cracking may precede
vertical displacement as & dam
attempts 1o adiust o a position of
greater  stability. Ventical dis-
placements on the crest are usually
accompanied by displacements on
the upstream or dowanstream face of a
dam.

Transverse cracking can indicate dif-
ferential settlement or movement be
tween adjacent segmentis of a dam.
Transverse cracking is usually a
single crack or a close, parallet sys-
tem of cracks which extend across
the crest in a direction more or less
perpendicular to the length of 3 dam.

This type of cracking is usually
greater than 1 foot in depih,
Transverse cracking poses a definite
threat to the safety and integrity of a
dam, If & crack should progress to a
point below the reservoir water sur-
face elevation, seepage could prog-
ress along the crack and through the
embankment causing severe erosion
and if not corrected, leading to failure
of the dam.

Misalignment can indicate reiative
movement between adiacent portions
of a dam — generally in directions
perpendicular to the axis of the dam.
Excessive settlement of dam material
and/or the foundation can also cause
misalignment. Most problems are
usually detectable during close in-
spection. Misalignment may, how-
ever, only be detectable by viewing a
dam from either abutment. If on close
inspection, the crest appears to be
straight for the length of the structure,
alignment can be further checked by
standing away from the dam on either
abutment and sighting along the
upstream and downstream edges of
the crest. On curved dams, alignment
can be checked by standing at either
end of a short segment of the dam and
sighting along the crest’s upstream
and downstream edges, noting any
curvature or misaligament in thet
section.

5.3.4 Scepage areas - As discussed
previously, slthough all dams have
SOMme seepage, seepage in any sreaon
or near 8 dam can be dangerous, and
all seepage should be treated as a
poteptial problem. Wet areas down-
stream from dams are not usually
natural springs, but seepage areas,
Seepage must be controlled in both
velocity and quantity. High velocity
flows through a dam can cause pro-
gressive crosion and, ultimately,
faifure. Saturated areas of an em-
bankment or abutment®can move in
massive slides and thus also lead
to failure, '

Seepape can emerge anywhere on the
downstream face of a dam, beyond
the toe, or on the downstream abut-
ments at elevalions below normal
reservoir levels. A potentially dan-
gerous condition exists when seepage
appears on the downstream face
above the toe of a dam. Seepage on
the downstream siope can cause A
slide or leilure of the dam by internal
crosion {piping). Evidence of seepage
may vary from a sofl, wel area to 8

- » Foundation and

flowing spring, mnd may appear
inilially =s only an arep where
vegetation is Jusb and dark grees in
color. Cettails, reeds, mosses, and
other marsh vegetation oflen become
established in seepage areas. Down-
stream sbutment areas should always
be inspected closely for signs of
seepage, Bs should the area of contact
between an embankment and 8 con-
duit spillway, drain, or other appurte-
nant structures and outlets. Sides in
the embankment or an abutment may
be the result of seepape causing soil
saturation and high pore pressures.

Since seepage can be present but not
readily visible, an intensive search
should be made of all downstream
aress where seepage water might
emerge. Even in short grass cover,
seepage may not be visible and must
be walked on to be found. 1deally, an
inspection for seepage should be

- made when a reservoir is Full.

54 CONCRETE DAMS AND
STRUCTURES :

From a safety standpoint, the prin-
cipal advantage of concrete dams
over earth dams is their relative free-
dom from failure by erosion during
overiopping as well as from embank-
ment slides and piping fatlures.

Although concrele dams comprise 8
minonity of all dams, they are com-
monly of greater height and storage
capacity than earth structures. Thus,
they often represent & potentially
greater hazerd to lHe and property. It
is important that concrete dam
owners be aware of the principal
modes of failure of such dams and
that they be able to discern between
conditions which threaten the safety
of the dam and those which merely
indicate 8 need for maintenance.

Concrete dams fail for reasons that
zre significantly different from earth
dams. These include:

® Structursl cracks

abutment
weakness

¢ Deterioration due to alkali-
aggregate reaction

Should any of these conditions be
discovered during inspection, an
owner should obtain engineering
assistance immediately.

Structura! cracks occur when por-
tions of the dam are overstressed and
are the result of inadequate design,
poor construction or faulty materials.
Structural cracks are often jireguiar,



may run at an angle to the major axes
of the dam and may exhibit abrupt
changes in direction. These cracks
can aiso have noticeable radial,
transverse, or vertical displacement

Concrete dams transfer a substantial
lvad to the abutments and founda-
tion. Although the concrete of & dam
may endure, the natural abutments or
foundation may crack, crumble, or
move in a massive slide. H this
occurs, support for the dam is lost,
and i fails. Impending faiture of the
foundation or abutments may be dif-
ficult to detect because initial move-
ments are often very smail

Severe deterioration can result from
a chemical reaction between alkali
present in cements and certain forms
of silica present in some ageregaies.
This chemical reaction produces
byproducts of silica gels which cause
expansion and Joss of stzength within
concrete. Alkali reaction is charac-
terized by certain observable con-
ditions such as cracking (usually a
random pattern on a fawly large
scale), and by excessive internal and
overall expansion. Addittonal indica-
tions include the presence of a
gelatinous exudation or whitish
amorphous deposits on the surface,
and a chalky appearance of freshly
fractured concrete.

The alkali-aggregaie reaction takes
place in the presence of water. Sur-
faces eaposed to the elements or
dampened by seepage wiil deteriorate
most rapidiy. Once suspected, the
condition can be confirmed by a
series of tests performed on core
samples drilled from a dam. Although
the deterioration is gradusal, alkah-
aggregale reaction cannot be eco-
nomically corrected by any menns
now known. Continued deterioration
may require total replacement of a
sbructure.

Inspection of a concrete dam is
similar to that of an ecarth dam,
However, the following additional
items should be considered:

* Access and salety

= Monitoring

® Qutlet sysiem

e Cracks at consiruction and
expansion joints

* Shrinkage cracks

¢ Delerioration due to spalling

®* Minor leakage

Access and safety are important
because the faces of concrete dams
are often pearly vertical, and sites are

commonly steep-walled rock can-
yons. Access 1o the downstream
face, toe aren, and abutments of such
dams may be difficult and require
special safety equipment such as
safety ropes, or a boatswain’s chair.
Concrete dams pose a special prob-
lem for the dam owner because of the
difficulty in gaining close access io
the steep surfaces, Regular inspec-
tion with a pair of powesful binoculars
can initally identify areas where
change is occurring When these
changes are noted, a detailed close
up inspection should be corducted.
Close inspection of the upstream face
may also reguire 8 boatswain’s chair
of & boat,

Monitoring helps detect structural
problems in concrete dams such as
cracks in the dam, abuilments, or
foundation. Cracks may develop
slowly at first, making it difTicult to

determine if they are widening or.

otherwise changing overtime. If a
structural crack ‘is discovered, it
should be monitored for changes in
width, length, and offset, and a mon-
itoring network of instruments should
be installed and reed on a regular
basis.

Outlet system deterioration is a prob-

lem for all dams but the frequency of

such damage may be higher in con-
crete dams because of their greater
average hydraulic pressure. Thus,
outlet system inspection should be
emphasized for large concreie dams.

Cracks at construction joinis exist
because concrete dams are built in
segments, while expansion joints are
built into dams to accommodate
volumetric changes which occur in
the structwes after conciete place-
ment The latter are referred to as
“designed” cracks. These joints are
typically construcied so that no bond
or reinforcing, except non-bonded
waterstops and dowels, gxtend across
the joints.

Shrinkage cracks often occur when,
during original construction, irreg-
ularities or pockets in the abutment
contact are filled with concrete and
not allowed to fully cure prior to
placement of adjacent portions of the
dam. Subsequent shrinkage of the
concrete may Jead to irregular crack-
ing at or oear the abutment.

Shrinkage cracks are also cavsed by
temperature varstion. During winter
months, the upper portion of a dam
may become significantly colder then

s

those portions which are in direct
contact with reservoir water. This
temperature differential can result in
cracks which extend from the crest
for some distance down each face of
the dam. These cracks will probably
occur at constiuction oF expansion
joints, if these are provided.

Shrinkage cracks can be a sign that
certain portions of the dam are not
carrying the design load. In such
cases, the total compression load
must be carried by a smaller percen-
tage of the structure. It may be
necessary to resiore load-carrying
capability by grouting affected areas.
This work requires the assistance of
an engineer, :

Spalling is the process by which con-
crete chips and breaks away as a
result of freezing and thawing.
Almost every concrete dam in colder
climates experiences continved minor
deterioration due to spalling. Because
it usually affects only the smface of a
structure, it is not ordinarily con-
sidered. dangerous. However, if al
lowed to continue, spalling can result
in structural damage, particularly if a
dam is of thin cross section. Also,
repair is necessary when reinforcing
steel becomes exposed. The method
of repair of spalled arcas depends
upon the depth of the deterioration.
In severe situations, engineering
assistance is required

Minor lezkage through concrete
dams, although unsightly, is not

‘usually dangerous, unless accom-

panied by structural cracking The
effect may be io promote deteriors-
tion due to freezing and thawing
However, increases in secpage could
indicate that, through chemical action,
materials are being leached from the
dam and carried away by the Mowing
water. Dam owners should note that
decreases in scepage could also
occur as mineral deposits are formed
in portions of the seepage channel. In
either case, the condition is not
inherently dangerous and detailed

‘study is required before it can be

determined if repair is necessary for
other than cosmetic seasons.
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5.5 SPILLWAYS

As detailed in Chapter 2, the main
function of a spillway is to provide a
safe exit for excess water in a reser-
voir. If a spillway is of inadequate
size, 8 dam could be overtopped and
fail. Stmilarly, defects in a spillway
can cause failure by rapid erosion. A
spillway should always be kept free
of obstructions, have the sbility to
resist erosion, and be protected from
deterioration. Because dams repre-
sent a substantial investment and
spillways make up a major part of
dam costs, a conscientious annual
maintenance program should be pur-
sued not only to prolect the public
but also 10 minimize costs as well.

The primary problems encouniered
with spitlways include:

» Inadegnale capacity

» Obstructions

» Erosion

= Deterioration

» Cracks

» Undermining of spillway outiet

Inadequate capacity is determined
by several factors, such as drainage
area served, magnitude or inlensity
of storms in the watershed, storage
capacity of the reservoir, and the
speed with which rain waler flows
into and fills the reservoir. An inade-
quate spillway can cause the water in
a reseivoir to overlop the dam.

Obstructions of a spillway may result
from excessive growth of grass and
weeds, thick brush, trees, debris, or
Jandslide deposits. An obsiructed
spillway can have a substantially
reduced discharge capaciy which
can lead to overtopping of the dam.
Grass is usvally not considered an
obstruction; however, tall weeds,
brush, and young trees should be
periodically cleared from spilways.
Similarly, any substantial amouni of
soil deposited in a spillway —
whether from sloughing, Iandskide or
sediment transport — should be
immediately removed. Timely re-
moval of large rocks is especially
important, since they can obstruct
fiow and encourage erosion.

Erosion of a spillway may occur dur-
ing a large storm when large amounts
of water flow for many hours. Severe
damage of a spiliway or complete
wash-out can result if the spillway
cannol resist erosion. M a spillway is
excavaled out of a rock formation or
lined with concrele, erosion is usuaily
not a problem. However, if a spillway

is excavated in sandy soil, deteri-
orated granite, clay, or sill deposits,
erosion prolection is very important.
Generally, resistance to crosion can
be increased if a spillway channel has
a mild slope, or if it is covered with a
layer of grass or riprap with bed-
ding material.

A spillway cannot be expected to
perform properly if it has deteriora-
ted. Examples include: collapse of
side slopes, Tiprap, concrete lining,
approach section, the chute channed,
the stilling basin, the discharge chan-
nel, or prolective grass cover. These
problems can cause water lo flow
under and around the protective
material and lead to severe erosion.
Remedial action must be taken as
soon as any sign of delcno:al:on has
been detected.

Drying cracks in an earth spillway
channel are usually not regarded as a
functional problem. However, miss-
ing rocks in a riprap lining can be
considered a *‘crack” in the protec-
tive cover, and must be repaired at
once. Cracks in concrete lining of a
spillway are commonly encountered.
These cracks may be caused by
uneven foundation serilernent, shrmk-
age, slab displacement, or excessjve
earth or water pressure. Large cracks
will allow waler to wash oul [ine
malteriz]l below or behind the con-
crete slab, causing erosion, more
cracks, and even severe displacement
of the slab. The slab may even be dis-
lodged and washed away by the flow.
A severely cracked concrete spillway
should be examined by and repaired
under the supervision of an engineer.

Undemmining of a spillway causes
erosion at a spillway outlet, whether it
be a pipe ot overflow spillway, is one
of the most common spillway prob-
lems. Severe undermining of the outlet
can displace sections of pipe, cause
slides in the downstream embank-
ment of the dam and eventally lead
to complete faiture of a dam. Water
must be conveyed safely from the
reservoir to a point downstream of the
dam without endangering the spillway
itsell or the embankmenti. Ofien the
spillway outlel is adequately protec-
ted for normal llow conditions, but not
for extreme flows. 1t is easy 1o mis-
eslimate the energy and force of flow-
ing water and the resistance of cotlet
material {earth, rock, concrele, etc),
The required level of protection is dil-
ficult to establish by visualinspection
but can usually be determined by hy-

draulic calculations pedformed by a
professional engineer.

Structures that provide complele ero-
sion control at a spillway outlel are
usvally expensive, but often neces-
sary. Less expensive protection ¢an
also be effective, but require exten-
sive peniodic maintenance as areas of
erosion and deterioration develop.

The following four [actors, often
interrelated, contribute to erosion at
the spillway oullet:

1. Flows emerge from the outlet are
above the stream channel. 1f
outlet [lows emerge at the correct
elevation, tailwater in the stream
channel can absorb a substantial
amount of the high velocity, flow
and the hydraulic energy will be
contained in the stilling basin.

2. Flows emerging ftom the spillway
are generally Iree of sediment and
therelore have substantial sediment-
camrying capacity. In oblaining
sediment, moving water will scour
soil material from the channel and
leave eroded areas. Such erosion
is difficult to design for and
requires protection of the outlet
for a safe distance downstream
from the dam.

3. Flows leaving the outlet al high
velocity can create ncgative pres-
sures that can cause material to be
loosened and removed from the
floor and walls of the outlel chan-
nel. This action is called “cavita-
tion” when it cccurs on concrete
or metal surfaces, Venting can
somctimes be used to relieve

negalive pressures.

4, Water leaking through pipe joints
and/or flowing along a pipe from
the reservoir may weaken the soil
structure around the pipe. Inade-
quale compaction adjacent to
such structures during construc-
tion can compound this problem.

Procedure for inspection - Spillway
inspection is an important pari of a
dam safety program. The basic
objective of spillway inspection is to
detect any sign of obslruction, eso-
sion, detepioration, misalignment,
or cracking.

When inspecling an earth spiliway,

one should determine whether side

slopes have sioughed, whether there
is excessive vegetalion in the chan
nel; and one should look for signs of
erosion and rodent activity. One
should also use a probe to determine
the hardness and moisture conlent of



the soil, note the Jocation of par-
ticularly wet or soft spots, and see if
the stitling basin or drop structure js
properly protected with rocks or rip-
rap. Becavwse some erosion is un-
avoidable during stilling, an owner
should also determine whether such
erosion might endanger the embank-
ment itself. If the spillway is installed
with a sill, a dam owner should also
determine if there are any cracks or
misalignment in the si)t and check for
erosion beneath or downstream of
the sill,

Commeoenly encountered defects of
concrete spiliways and general in-
spection procedures for cracks, spall-
ing, drains, joints, and misalignment
are summarized in the following
paragraphs.

Hairline cracks are ususlly harmless.
Large cracks should be carefully
inspected and their location, width,
length, and onentation noted. Deter-
ioration should be determined and
exposure of reinforcing bars should
be watched for.

Spillway surfaces exposed to freeze-
thaw cycles often suffer from surface
spalling Chemical action, con-
tamination, and unsound aggrepates
can also cause spafling. If spalling is
extensive, the spalled area should be
sketched or pholographed, showing
the tength, width, and depth of the
area. The problem should be exam-
ined closely to sce if the remaining
concrele has deteriorated or if rein-
forcing bars are exposed. The con-
crete should be tapped with a
“bonker’” or rock hammer to deter-
mine if voids exist below the surface.
Shaliow spalting should be examined
from tume to time to determine if it is
becoming worse. Deep spatting should
be repaired as soon as possible by an
experienced contracior.

Walls of spillways are usuaily equipped
with weep (or drain) holes. QOcca-
sionally spillway chute slabs are a}so
equipped with weep holes. If all such
holes are dry, the s0il behind the wall
or below the slab is probably dry. If
some holes are draining while pthers
are dry, the dry holes may be plugged
by mud or mineral deposits. Plugged
weep holes increase the chances for
failere of retaining walls or chute
slabs. The plugged holes should be
probed 10 determine caoses of block-
age and soil or depesits cleaned out
o restore drainage, 1f this work is not
successful, rehabilitation shounld be
performed as soon as possible under

the swpervision of a professional
engineer.

Spillway retaining walls and chute
slabs are normally constructed in
scections. Between adjoining sections,
EApSs of joints must be tightly sealed
with flexible materials such as tar,
epoxies, or other chemical com-
pounds. Sometimes rubber or plastic
diaphragm materials or copper foil
are used to obtain watertightness.
During inspection, one should note
the focation, tength, and depth of any
missing sealant, and probe open gaps
to determine if 50il behind the wall or
below the slab has been undermined.

Misalignment of spillway retaining
walls or chute slabs may be caused
by foundation settlement or earth or
water pressure. The inspector should
carefully look at the upstream or
downstream end of a spillway near
the wal 10 determine if it has been
tipped inward or outward. Refative
displacement or offset between neigh-
boring sections can be readily iden-
tified at joints. The horizontal as well
as vertical displacement should be
measured A fence on top of the
retaining wall is usually erected in a
straight line at the time of construc-
tion; thus any curve or distortion of
the fence line may indicate wall
deformation.

At the time of construction, the entire
spillway chute should form a smooth
surface. Thus, measuvrement of rela-
tive movement between neighboring
chute slabs at joints will give a good
indication of slab displacement. Mis-

alignment or displacement of walls or

the siab is often accompanied by
cracks. A clear description of crack
patterns should be recorded or
photoes taken to help in understanding
the nature of the displacement.
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5.6 INLETS, OUTLETS, AND
DRAINS

A dam’s injet and oullet works,
including internal drains, are essen-
tial to the operation of a dam, ftems
for inspection and special attention
include:

» Reservoir pool levels

* Lake drains and internal drains
o Corrosion

+ Trash racks on pipe spillways
» Cavitation

The topics discussed above for
spillways also are relevant.

Reservoir pool levels - Reservoir
pool levels are controlled by spillway
gates, lake drain and release struc-
tures, or .flashboards. Flashboards
are sometimes used to permanently
or temporarily raise the pool level of
water supply reservoirs. Flashboards
should not be installed or altowed
unfess there is sufficient freeboard
remaining to safely accommodate a
design flood. Pool level draw down
should not exceed about 1 foot per
week for slopes composed of clay or
silt materials except in emergency
situations. Yery Rat slopes or slopes
with free-draining upstream soils
can, however, withstand more rapid
draw down rates. Conditions causing
or requiring temporary or penmanent
adjustment of the pool level include:

» Development of a problem which
requires that the pool be lowered.
Drawdown is a temporary solu-
tion until the problem is solved.

e Release of water downstream to
supplement stream flow during
dry conditions.

s Fluctuations in the service area’s
demand for water.

® Repair of boat docks in the winter
and growth of aguatic vegetation
along the shoreline. .

» Requirements for recreation, hy-
dropower, or water fowl and
fish management.

Lake drains - A lake drain should
always be operable so that the pool
level can be drawn down in case of an
emergency or for necessary repair.
Lake drain valves or gates that have
not been operated for a long time can
present a special problem for owners.
If the valve cannot be closed after itis
opened, the impoundment could be
completely drained. An uncontrolied
and rapid drawdown could also cause
mote serious problems such as slides
along the saturated vpstream slope of
the embankment orf downstream
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flooding. Therefore, when a valve or
gate is operated, it should be inspect-
ed and all eppropriate paris lub-
ricated and repaired, It is also
prudent to advise downstream resi-
dents of large and/or prolonged
discharges. .

To test a valve or gate without riskin
cotnplete drainage, one snust phys-
ically block the drain infet upstream
from the valve. Some drains have
been designed with (his capability
and have dual valves or gates, of slots
for stoplogs {sometimes called bulk-
heads) upstream from the valve,
Otherwise, divers can be hired to
inspect the drato mlet and may be
able to construct a temporary block
at the inlet.

Other problems may be encountered
when operating a lake drain. Sedi-
ment can build up and block the drain
inlet, or debris can enter the valve
chamber, hindering its function. The
iixelihood of these problems is
greatly decreased if the valve or
gate is operated and maintained
periodically.

Comrosion - Conrosion is a common
problem of pipe spillways and other
conduits made of metal. Exposure to
moisture, acid conditions, or salt will
accelerate corrosion. In particular,
acid runoff from strip mine areas will
cause rapid commosion of steel pipes,
In such areas, pipes made of non-
corrosive materials such as concrete
or plastic should be used. Metal
pipes which have been coated to
resist accelerated corrosion are also
availabie, The coating can be of
epoxy, aluminum, zinc {galvaniza-
tion), asbestos or mortar. Coatings
applied to pipes in service are
generally not very effective because
of the difficulty of esiablishing a
bond. Similasly, bituminous coating
cannot be expected to Iast more than
one o two years on flowways. Of
course, corrosion of metal parts of
operating mechanisms can be effec-
tively teated and prevented by
keeping those parts greased and/or
painted

Corrosion can also be controlled or
arrested by installing cathodic pro-
tection. A metallic anode made out of
# material such as magnesium is
buried in the soil and is connected to
the meta! pipe by wire. An electric
potentisl is established which causes
the magnesinm to cormode and not the
pipe.

Trash on pipe spillways - Many
dams have pipe and riser spillways,
As with concrete spillways, pipe
inlets that become plugged with deb-
ris or rash reduce spillway cepacity.
As a result, the potential for overtop-
ping is greatly increased, particularly
if there is only one outlet i a dam
has an emergency spillway channel,
a pligged principal spillway will
cause more frequent and greater than
nommal fAow in the emergency spill-
way. Because emergency spillways
are generally designed for infrequent
flows of short duration, serious
damage may result. For these reasons
trash coliectors or racks should be
mstalled at the injets to pipe spillways
and lake drains.

A well-designed trashrack will stop
large debris that could plug a pipe but
allow unrestricled passage of water
and smaller debris. Some of the most
effective racks have submerged open-
ings which allow waler to pass
beneath the trash into the riser inlet
as the pool level rises. Openings that
are too small will stop small debris
such as twigs and leaves, which m
turn will cause & progression of larger
items to build up, eventually com-
pletely blocking the inlet Trashrack
vpenings should be at Jeast 6 inches
scross regardless of the pipe size.
The larger the principal spillway con-
duit, the Jarger the trashrack opening
should be. The largest possible
openings should be used, vp to a
maximum of about 2 feet

A tashrack should be properly

attached io the riser infet and strong
enough to withstand the forces of
fast-flowing debrig, heavy debris, and
ice. If the riser is readily accessible,
vandals may throw riptap stone into
it. The size of the rashrack openings
should not be decrensed to prevent
this. Instead rock that is larger than
the trashrack openings or loo large to
handle should be used for riprap.

Maintenance should include pedodic
checking of the rack for rusted and
broken sections and repair as needed.
The trashrack should be checked fre-
quently during and after storms to
ensure that it is functioning properly
and o remove accumulatled debris,
Cavitation - When water flows
through an outlet system and passes
restrictions {e.g., valves), » pressure
drop may occus. If localized water
pressures drop below the vapor pres-
sure of water, & partial vacuum is

created and the water actually boils,
causing shockwaves which can dam-
age the ouvtlet pipes and control
valves. This process can be a serious
problem for large dams where dis-
charge velocities arc high.

Testing the outlet sysiem - All
valves should be fully opened and
closed at least once s year. This not
only limits corrosion buildup on con-
trol stems and gate guides, but also
provides an opportunity to check for
smooth ocperativn of the system
Jetky or ermalic operstion could
signal problems, and indicate the
need for more delniled inspection.

The full range of gate settings should
be checked. The person performing
the inspection should slowly open the
valve, checking for noise and vibra-
tion — certain valve settings may
result in greater tarbulence. He or
she should also listen for noise which
sounds like gravel being rapidly
transported through the system. This
sound indicates that cavitation occus-
ring, and these gate settings should be
avoided The operation of all mech-
anical and electrical systems, backup
electric motors, power generators,
and power and lighting wiring associ-
ated with the cutlet shouid nslso be
checked.

Inspecting the outlet system -
Accessible portions of the outlet,

_such as the outfall structure and con-

trol, can be easily and regularly
inspected. However, severe prob-
lems are commonly associated with
deterioration or failure of portions of
the system which are either buried in
the dam or normally under water,

Areas o be inspecied include:

s Qutlet pipes 30 inches or gresfer
in diameter can be inspected inter-
nefly, provided the system has an
upstream valve allowing the pipe
to be emplied. Tapping the con-
duit interior with 8 hammer cen
help locate voids behind the pipe.
This type of inspection should be
performed at least once a year,

e Small diameter outlet pipes can
be inspected by remote TV
camera if nécessary. The camera
is channeled through the conduit
and transmits a picture back to an
equipment truck. This type of
inspection is expensive and usually
requires the services of an en-
gineer, However, if po other
method of inspection is possible,
inspection by TV is recommended
at ieast once every five years.



¢ QOutlet intake structures, wet
wells, and cutlet pipes with only
downstream valves are the most
difficelt dam appurtenances to
. imspect because they are usually
under water. These should be
inspected whenever the reservoir
is drawn down or at five year
intervals. If a definjte problem js
suspected, or if the reservoir
remains full over extended per-
iods, divers should be hired to per-
form an underwater inspection.

5.7 OTHER AREAS
Other areas requiring inspection
mclude:
* Mechanical and
systems
» Reservoir sutface and shorcline
= Upstream walershed
* Downstream floodplains
Mechanical eguipment inchudes spill-
way gates, shijce gates or valves for
lake drains or water supply pipes,
stoplogs, sump pumps, flashboards,
reliel wells, emergency power sour-
ces, siphons, and other devices. All
mechanical and associated electrical
equipment should be operated at
least once a year and preferably more
often. The test should cover the full
operating range of the equipment
under actyal operating conditions.
Each operating device should be pe;-
manenlly marked for easy identifica-
tion, and all operating equipment
should be kept accessible. All con-
trois should be checked for proper
security to prevent vandalism, and

clectrical

finally, =il operating instructions-

should be checked for clanty and
maintained in a secure, but readily
accessible Jocation.
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The reservoir surface and shorelipe
should be inspected to identify possi-
ble problems away from the actua]
structure. Whislpools can indicate
submerged outlets. Large land slides
coming into the reservoir could cause
waves overtopping the dam.

Floods arise from the upstieam
watershed Therefore, characteristics
of the watershed, such as impervious
arcas {c.g. parking lots), relate direct-
ly to the magnitude of a flood. Urban
development in a watershed can
increase the size of flood peaks and
the volume of nmof, thereby making
a previously acceptable spillway
inadequate. Awareness of upstream
development and other factors which
might influence reservoir inflows is
important in order to anlicipate pos-
sible problems and necessary or
modifications in the dam.

Development in downstream flood-

_plains is also very important to the

dam owner as the extent of devel-
opment and flood preparedness relate
directly to loss of life and damages
should the dam fail.
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FIGURES 5.].1 ’
INSPECTION GUIDILINES -
EMBANKMENT UPSTRLAM SLOPE

PROBLEM
SINKHOLE

LARGE CRACKS

SLIDE, SLUMP OR SLIP

SCARPS. BENCHES,
OYERSTEEP AREAS

PROBABLE CAUSE

Piping or inlernal ergsion of embankment
matsrials or foundauon causes & sinkhole.
Tha cave-ia of an oroded cavern can rasultin
a 1ink hole, A small hole in the wail of an
outlet pipe can develop a sink hole. Dirty
walar sl the exil indicaies erozion of Lha
dam,

A portgn of the embankment has moved
becawse of loas of syenphu or the foundation
may hwve moved causng embankment
movenen,

Earth or mcky move goam the siope along a
slippaga surfsce becausa of Loa sieep a slope,
ot the foundstion maves. Alia, look for
tlides movement in reservois basin.

Wave nclion, locul settlement, of ice sction
vauie scil and rock Lo erods and slide Lo the
Igwar part of the slope ferming & banch

POSSIBLE CONSEQUENCES

HAZARDQUS

Piping can empty nreservoir tirough a small
hola in the wall or can lead o fuilure of &
dam w3l pipes oroda trough Lhe {foundss
lion or & pervicus part of the dam.

HAZARDOUS
Indicawce onset of massive slide or acitle-
ment caused by foundation failure,

HAZARDOUS
A serinn of 1iides can lead o obstruciion of
the outiet or fallure of thw dam.

Erosion lessens the width and possible
height of the ambaniument and could lead to
incremsed 3eepage of overlapping of the
dam,

RECOMMENDED ACTIONS

Inapect other perta of the dam (or scepage or
more gink holes, [denlify exact cause of sink
holea. Chack saspige and leaksga outlows
for diry walsr, A qualilied engineer should
impect the conclions and  rweommend
further actiona W bw aken.

ENGINEER REQUIRED

Depanding on smbankment uvelved, draw
reservoir leval down, A qualifled englower
should inspest the conditiont and recome
mend further actiona w ba taken,
ENGIMEER REQUIRED

Evalvate extent of the alide, Monitor 3ilds,
[See Chaptar 6,5 Dvaw thp ressrvoir jevel
down il safety of dumn ia hroatensd A
qualified engineor should inspect e con-
dikum and recammend further sclons o be
taken.

ENGINEER REQUIRED

Daermicg wxact cause of carps. Do
necens oy eurthwaork, restors smbaakment
W original 1lope and provida adequale pro-
tection {bedding and riprap}. Ses Chugier

.
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PROALEM PROBABLE CAUSE

Poor quality riprap has deteriorated. Wave
aclion or ice action hay displaced riprap,
Round and eimilar-sized recks have roiled
downhill,

BROKEN DOWN
MISSING RIPRAP .

Simitar-sized rocks allow wiaves o paas bes
twaen them and srods small gravei panicie
and soil.

EROSION BEHIND
POORLY GRADED RIPRAP

Figures 5.3.2
nspection Quideiines «
Downsiream Siope

J. Lack of or loas of slrength of embank-
. ment mutenial.

2. Lon of senpth cun be attributed o

infiltration of water inlo the embankment or

loss of suppert by the loundation

SLIDE/SLOUGH

POSSIBLE CONSEQUENCES

¥ ave aclion againal theae unprowcied araas
decraaies ambanunent widih.

Sail lt arodad sway {rom behind the riprap.
This wiows riprap to secit. providing s
protection and decressed smbanioman widih,

HAZARDQUS

Massive dide culr through crest or up-
soeam sope reducing fresboand and croas
vection. Structurni collapan or ovenopping
can reault

RECOMMEND ACTIONS

Re-qglablish normal siope. Place bedding
and sompeteat riprap, {Ses Chagler 7.}

Re-ettablish wffoclive siope  poleclion,
Place bedding materis). ENGUNEER RE-
QUIRED (or dexlgn lor gradation wnd His
[or rogk for bedding and riprap. A quadiiied
anginssr should inapect the conditiony wnd
recommend ferthor aclion 3 be taken,

I. Moasure eatent and displacermemy of
shide.

2. if continued movement U sean, begin
lowering water level unol movemnent dops.
1. Have s quadifiag enguneer inspect the con-
dilign and recomuend Furdver ncUon.
ENGINEER REQUIRED



3 .
PROBLEM PROBABLE CAUSE

Diffurentiai sertioment of the embunkment
a30 Inads to tranverss cracking {e.g, conter
1eqes more than wbutments).

TRANSYERSE CRACKING

. Lack of sdequate compacuon,
2. Rodent hole below,
1. Piping thryugh embankment or f

|

2. Downsgeam movement of wsnlement
of eminioment ’

Preceded by erosion undercuding » portion
of the alope, Can alio be (ound on siesp
Iiapes,

1. Drying and shvinkage of sufface maierizl.

POSSIALE CONSEQUENCES

HAZARDOUS

Settiemant or shrinkage cracks can lead to
secpign of revervoir water through the dam.
Shrinkage cracky aliow water 1o enter the
embankment. This promoles sesuration and
increaaea fronze-taw acuion,

HAZARDOUS
Indicates posaibbe wasb out of embankment,

II.HCan e &0 earfy wamning of 2 polential
Hide.

2. Shrinkaga cracks allow water W enter the
embankmont wid (wszing ili further crack
thy embankment,

3. Seitement or slide showing loss of
Freagh in embankgment can leed Lo failure.

Can expose impervioys zone o srodion and
{ead o further lumpe.

RECOMMENDED ACTIONS

I, IF neceszary, plug upstream end of crack
o pravent Mlows (rom the redervoir.

2. A quilified engineer should inapect \he
condiuons and recommend further acuons 1o
Da Laken.

ENGINEER REQUIRED

L. Inupect for and Immedlately rapar rdeat
holes. Contrel mdents o prevent fiure -
damuge.

1. Have a qualified enginesr inspect the con-
ditfon and recommend further sction.
ENGINEER REQUIRED

L. i cracks are from drying, dress araa wich

wali-compacted matenial to koep wurface

walor out and natural moiaturs in,

2 I cracks we exlansive, 1 quaiifled

engineer should inspect the condiions and
d Further acuione o be taken

ENGEINEER REQUIRED

{. [apect wres for seepage.

1. Manitor for prograsaive fallure.

3, Have 8 qualified engineer inapect the con-
dillon end recommend further sction.
ENGINEER REQUIRED




* PROBLEM

ERQSION

PROBAHBLE CAUSE

- Waler lrom intense raindlammy of show-melt
caticy susface materid) down the siope,

resulling in Conlnuous Uought,

Natural vegotaticn in aren

Over-abundance of rodents, Holes, tunnels
and caverrs ae caused by animal burgw.
ing. Cartain habiisus like carail rype planu
andd Ges cloze 10 Lhe Teervolr 4aGourage
thess pimals,

Excesciva iravel by livenock especially
harmiul 9 stope when wet,

POSSIBLE CONSEQUENCES

Can be hazardous il allowed o continua,
Etasion cun |ead 1o eveniuval detanoration of
the downsuream slope and [ailure of the
struchine.

Largs iros rogis can crosie Jespage paths,
Bushea can cbacure visukl (napection and
harbgr rodsns.

. Can reduce lenglh of vespage path, and load

to piping feilure, IT wansl sxists through
most of the dam, it can lend (o failure of
the dumn. :

Crentay araas bare of erogion protestion snd
causey eiodion channels. Allows waler 1o
wand, Ares suscepuble w drying cracks.

RECOMMENDED ACTIONS

1. The preferred method (o protect emded

Areay is rock or tiprap.

2. Ra-mitablishing protecuve grasses cun be
deq \f the probism ik d d ancly.

1. Remove sll large, desp-rocied ress wnd
shrube on or gasr the smbankment, Proparly
backfll voick {Sea Chapter 7.}

1. Control vegetation on the embankment
I.huTarlcu.m vipual inapeclion. (Sea Chap-
Wl ‘

1, Congn) rodants Lo prevent mom damagy.
1. BackAl axisting rodem holev,

J. Ramave rodents. Dslerming exact {oca-
ton of digging and exient of tunnaling
Ramove habitat and repuir damugas. (See
Chapier 7.)

I. Fence llvesiock ouiside smbaskinent
ArEL
L. Repair crosion -pratection, le. rprap,
{18



¥ . Hgures 5.3.3
inspeciion Guidelines »
Embaniment Crest

PRUBLEM
LONGITUDINAL CRACK

PROBABLE CAUSE

1. Uneven sertlement between ad)scent 3ac-
tions or zanes within the embankment.
2.Foundation fulure csusing oz of supporct
o embakment

J. Initial sages of embankment slide.

1. Yertical movemnent betwsen adjacent sece
lions of ke smbankment
L. Structura) deformution or feilure causad
by suucturs) suress or inawability, or by
failure of the foundation

1. Rodent sctiviry,

1. Hols in outist conduil i1 causing trosion
af ambankgment matena),

1. Internal vrosion or piping of ombankment
matenial by sespaga.

4. Hreakdown of diapersive clays within
smbrakmens by seepnge waters,

POSSIBLE CONSEQUENCES

HAZARDOUS

I, Creatas local aren of low strength within
embankment, Could be the point of initiation
of future structural movement, delprmation,
or [alure.

2. Provides entrance point for sunfsce ran-ofT
into embankment, allowing smuration of
ndiacent embankment wea and poasible
lubricwion which could lvad L0 locnized
Tadure,

HAZARDOUS

L. Pravides Jocul acen of low atreagth within
embankment which could cavee Ruture
movemant

1. Leads to souctiral instability or fuiure,
3. Provides entrance poinl for surface waler
that could farther lubricate failure plane.
4. Reduces available embankment <ron
sachien.

T

HAZARDOUS

I. Yoid within dam could caure localized
caving, sloughing, instability, or reduced
embankment crode seclion.

1. Entrange point {or aurface waler,

RECOMMENDED ACTIONS

I, [nspect crack wnd carelully record loca-
tion, tength, depth, width, aiignmant, and
other pertinent phyvicl fentures, [mmedi-
slaly atake out limiu of cracking, Moniar
frequanyy,

2. Enpneer should delsrmine caude of
cracking and supervise aleps necessary o
roduce danger ko dum and comect condigion,
), Effecuvely 1eal the cracky at the croar'y
surfac W prevent inflitration by urfuce
water,

4. Continue to roullnely moniver crest for
wvidenca of further crucking

ENGINEER REQUIRED

L. Curefully inspect displagemant und record
its locayon, verical and horizontal displace-
ment, length, and othar physical festures,
[mmedinwly stake oul Umiu of crcking
2. Engineer should determine cauie of dis-
plazement snd sugervige all 1tep3 necasanry
10 reduce danger to dam and cormrect
condition.

3. Excuvais sreato the bottom of thedispiaca-
ment. Backiill sacavalion uiing competem
malgnal and correct construcion tachni

wd uader supervision of enginess,

4, Contnue to menilor aress roulinely for
svidence of future cracking or movement
{S¢e Chaplar 6.}

ENGINEER REQUIRED

|. Carsfully Inspect and record location and
physical charactoristics (dopih, widd longth)
of cave in,

1. Engineer should detarmine cause of cave
in and quperyive o] atapa necasywry (o reduce
ot Lo damn and correct condilion,

). Excavels cave in, slope stdey of excave-
ton, and backilll hole with competwnt
material uviing proper gonatryolon loch-
niqued. {See Chepier 7.} This should be
supwrvited by wnginesr.

ENGINEER REQUIRED




»
. PROBLEM

TRANSVERSE CRACKING

CREST MISALIGNMENT

LOW AREA
IN CREST OF DAM

PROBABLE CAUSE

I. Uneven mo m b djssent

I of thy ambun
2. Deformation cauiad by struciural atress
ar inalability. .

. Movemant betweosn adjacent para of
Ui suructun.

2, Ungvan deflecuan of dam under loading
by regurvodr.

3. Strucwral dsformaton of (ailure nanr
wes of misallgunent,

1. Excussive serlement in the embankment
or foundation direcdy beagath the low area
in lhe cruaL

2. [atemal erowion of smbankment Malerial.
1. Foundation spreading to vpatzuam and/or
downatrsam direction

4. Prolonged wind erosian of crost anea

5, Improper fowl grading following cone
snuclion

POSSIBLE CONSEQUENCES

HAZARDOUS

|. Can provide s path far 1ccpage through
the embankm#ant cross soction.

2. Provides koo ares of low atrength within
embankment. Fulues strucmural mavemant,
deformation or [ailure could bagin.

1, Provides emtrance poing far surface runofl
o enter ymbunkmenl

!, Ares of misalignment in usually sccame
panied by low ares ua crest which redices
freebosrd

2. Cap produce local sress of iow embank-
ment strength which may lead 1o [ailure.

Retuces (reaboand availshle to pass food
flowy wulely through apiliway,

RECOMMENDED ACTIONS

[. lapoct crack and carafully record crack
locatian, lengu, depth, width, and cuhar par
tinapt physical featurns, Swake out limily
af cracking.
2. Enginger shouwld determung cause of
cracking and aupervisa all 2leps necesaary
reduce dangar Lo dam and carmect ¢ondition
1. Excavaie creal along crack 0 & poimt
below the botlom of the crack, Then backiill-
ing sreavation using compelent maianal and
clign technly This will
sl the crack againat sevpmge and surince
runcl. (See Chapter 1) This shouid be
supwrvigad by anglnaer,
4, Continus to flor et ly for
widence of future cracking. (Ja¢ Chapier

6
ENGINEER REQUIRED

. Establish monuments across crest o
delarming exact amount, f[ocauon, and
exism of misalignmant

1. Enginsyr shoukd detormine sauae of mi-
aignment and supsrvise all sleps neceazary
to reduce thrssd 0 dam and  comect
condition

1. Monitor craal monumenla on & icheduled
basia following remedial action W detect
paazible futare movemeat (See Chapler

8.}
ENGONEER REQUIRED

1, Establish monuwnenws algag length of crast
to detarminge easct wmount, locstion, and
sxtent of setiement in cresk

2. Enginser should daterming cauis of low
aren and supervize all slaps necessary @
reduca sopsible threat of the dam and correct

condition

1. Re-establish unuorm crost slevation over
cran lagth by placing Ol In low ares waing
PrOpAT conauucton Wchniquer. This should
be vupsrvited by engineer,

4, Renatablish monumentia acrcas crest af
dam and monllor menumenis on & rUine
badis 1o detect poanidle futiey agitiemant
ENGINEER REQUIRED
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PROBLEM

OBSCURING VEGETATION

RODENT ACTIVITY

PROBABLE CAUSE
Negheet of dam and lack of proper main-
anance procedures,

Burrowing saimais.

1. Poor grading Xand improper drainage of
crest, Impropar drainage causea iurface
runoff 1o collect and drein of creat ot low
paint in upsirenm or downgiream shoulder,
3, Inadey apillwsy capacily which has
caused dam 1o ovenop,

il

Heoavy vehicle raflic without adequate or
FOPRT TIRINLeRARCY Of Proper Grest swiacing

POSSIBLE CONSEQUENCES

|. Obscures large parts of the dam, preveni-
ing sdequwis, accursa visual inspaction of
all parta of the dam Problems which
threaten Lhe integrity of the dwm ¢an deveiop
and remain undelacted until they progress to
& pouni that thresiena the dam’s safaty.

2. Asiociated root dygsloms develop and
pensirate inlo the dam’s cross seckion, When
the vegeiadon dies, e decaying rom ays-
tems can provide paths for weepage. This
reducs the ¢Tective sempage path

the embankment and could lead 1o possible
pipiag dituabont.

Y. Pravenu wasy access 0 all para of the
dam for opermtion, maintensance, nd
inipecuion

4, Provides hatiiat for redents,

I. Entrance point for warfece runodl to enier
dam. Could safuraty sdjscant portiong of
the dam.

1. Eapecially dangerout il hole penctraiay
dam below phrestic line, During periods of
high slorage, seepage path tirough the dam
wouid be grestly reduced and & piping siua-
tion could devalog.

1. Can reduce svailabls freeboard,

2. Reducen croas-sectiona) wren of dum.

3, lahibiu aggess to ull parws of the crest
and dam.

4. Can resylt in u hazardous coadilion U due
o overiopping.

{. [nhibits emay acewss Lo all panty of
crest.

1. Allowy continued development of rUlting,
Y. Aliows yunding weter to collect and
sarurate crest of dam.

4. Opsrating and maintenance vehicles can
gt rtuck

RECOMMENDED ACTIONS

i. Ramave all damaging growih from the
dam. This would Inciude remaoval of trees,
bwhay, brush, coalfen, and growth other
than graay, Grass shonld be encoursged on
all segmenys of the dam to prevent erovion by
wrfate runofl. Roct sysiems shoud alig be
removed to the maximum prectical cxicnt.
The void which resuils from removing the
mol sysiam ¢bould be backlllled win
wellcompatant, wail-compactied malerial,
1. Puturs undesirsble growih should be
ramaved by custlag or 3Ipraying, s pari of an
I.I'll'l:ll maintsnsce program. (Sew Chap~
tar 1.}

3. All curting or dabris resuiting from the
vagaiativa removal should be immedlaiely
Lacen from Lhe dam srid propeely dispossd of
cutside the raarvoir buin,

1. Complutely backl Lthe hole with compe-
1ant, well-compacted maienial,

1. [nitatay a rxdunt conirol program to reduce
the burrowing animad population ad o pre-
vent [uture Jamags 1o Lha dam, | Sae Chapter
T.)

1. Reatars freeboard o dam by adding fill
mulorind in low ares, UEHNE PrOper CONIUIC-
tion techniques, {See Chapter 1.3

2, Regrading creat to provide proper drainaga
of surface runoff,

3. I quily was cavaed by ovenopping. pro-
vide ndequale spillway which mests current
deslgn standards, Thiy ahould be dene by
engineer,

4. Re-establish prouctive cover, -

{, Drain sanding waler from nuts,

2. Regrage and recompast crest (o restore
integrity and provide propar deainage
upiiream slopa, [Ses Chapter 7.)

3. Provide gravel or roadbase naterial to
sccommodate trallie.

4. Do periodic mumennncs wnd reyld.m[ w
prevent raformatian of ruw.




H
PROBLEM

PUDDLING ON CREST-
FOOR DRAINAGE

PROBABLE CAUSE

1, Poor gading and improper drainags of

Srou,
1. Localizad comcldaton or 1stthemani oo

cronl sliows puddles 10 devalop,

Materiai o0 Lhe ¢reat of dam sxpands and
contrects with aliemals weding sad drying
of westher cycles. Drying cracks ary uniatly
shart, abaliow, darmow, wd many.

POSSIBLE CONSEQUENCES

I, Cause jocalized safuration of the crest.

2. Inhibits access @ ail parts of the dam
angd creat

), Bocomes propressively wome & not
orrecled.

Provides pount of enrunce for surface rinofl
and sur{sca modatare, caaing statursuon of
adigcent embaniorient arwas, This stewurs
tion, and jaler drying of the dam, could cause
further cracking

RECOMMENDED ACTIONS

1. Drain atanding waler from puddies.

1. Ragrade and recompsct crast o reatsrse
inlegnity and provide peoper drainags o
upstream sops. [Ses Chapter 7.0

1. Provide paval or roadpase malarial to
sccommodate trallis,

4. Da peniodic maintenance and regrading Lo
peavant mformation of low arees.

1, Senl surface of sracky with » aght, imper-
vious maiarial, (Sos Chapter 7.}

2. Roulinsly grada crust Lo provide proper
drainage wnd fifl cracks. -OR

3. Cover sryst with non-plastc {nal clay}
maerial t3 prevont iarge mobijm contet
varigtions,



Figurss 5.3.4
inspection Guideiines -
Embankment Seepage Arscs

PROBLEM PROBAEBLE CAUSE

L. Water has crealed 1n open pathway,
channel, of pips tuough tha dam. The water
is aroding and curying smbankment mar
terial,

2, Large amownts of water have sccumulated
in the downserewn slope. Waler and
embankrtent matorials aro exiting sl one
point. Surface agiation may be causing the
muddy watsr.

3. Rodsots, [rost wction or poor conmruction
have ailowed waler to creals an open
pathway oF pipe through the embenkmant,

EXCESSIVE QUANTITY
AND/OR MUDDY WATER
EXITING FROM A POINT

1. Sevars drying has caused shoinkage of
smbankment Mmaterial,

1 Settismaent in tha smbankment or fourds
ton is causiog the tmnavarye crecks.

STREAM OF WATER
EXITING THROUGH CRACKS
NEAR THE CREST -

Soms pant of the foundation materis) is sup-
ptying a {low pauh. This could be cavsed by &
1and or gavel fayer in the foundaion.

SEEPAGE WATER
EXITING AS A BOIL
IN THE FOUNDATION

POSSIBLE CONSEQUENCES

HAZARDGUS

b, Continued flows can saiurais pans of e
embanunent and Jead Lo slides i the
e

2, Continued flows can funher eroce
embankment materiall and lsad to failure of
the dam,

HAZARDOUS
Plaw thpough the crack can caisn failure of
e dam.

HAZARDOUS
Lasroased Nows can lead o erosion of the
faundation and {ailvre of tha dum,

RECOMMENDED ACTIONS

1. Begn measuring cutflow quuatity and
establishing whether weler i1 gotting mud.
dier, aaying the same, of claaring up.

2. M quantity of fow i (ncroaang the water
{gvel in the reservoir should be iowered untl
the Mow atabilizes or siopy.

3. Sewrch for opsning on upwtr zide apd
plug ¥ pousibie.

4. A guatifled engineer showld inapect the
condivon and recommond further sctons o

be taken.
ENGINEER REQUIRED

{, Plug Lha upstream side of Lhe crack W tlop

the figw,

2, ‘The waler lavei in he reservoir shauld be

fowered uatil i i below the lavel of the

crecks. )

3. A qualilied engineer showd inspect the

acndition and recommend further SCUOM O
be taien.

1. Examine e boil [or vansporiation of
foundaiion materiads,

2. If soil particles are moving downstream,
sandbags or sarth should be ueed o create o
dike wround the boil, The pressures crealed
by \he waler igvel within the dike may con-
trol ow velocites and temporarily prevont
further eronicn.

3. If orosion is becoming gresier, Uie feser-
voir lovel should im kowered,

4. A quaiilied englnesr should Ingpect Lha
condition and meemmend furtier aclions (o

be taken,
ENGENEER REQUIRED




PROBLEM

SEEPAGE EXITING AT
ABUTMENT CONTACT

LARGE AREA WET OR
PRODUCING FLOW

MARKED CHANGE
IN VEGETATION

PROBABLE CAUSE

1. Waler lawing through psthways io the
abuiment
2. Waler flowing twough the embankment.

A 1eepage path hay developed through the
abymnent o embankment malenals and
failure of the dara can oscur,

1. Embankment material are supplying flows
patha,

1. Matural scedicg by wind

1. Change inseed type during enrly post coa-
structica sseding.

Downstreamn embarikment materinls have
bagun w0 mave.

POSSIBLE CONSEQUENCES

HAZARDOUS
Can lead W srodion of embankrient maerials
and Tailure of Wy dam,

HAZARDOUS

l. Incrensed Rows could lead 1o erosion of
z:'\‘:ukrnm material and Tailure of the
2. Smuraton of the smbankment can Had to
local slides which could causs lailure of
the dam.

Can show a saturated armu,

T

HAZARDOUS-

Failurs of tw embankment reault from
mussiva sliging can feilow lhese warly
movemens,

RECOMMENDED ACTIONS .

1. Soudy leakage aren Lo datermind quanuty
of flow wnd extant of tsturallon.

2, lnapect daily for davaloping alidas.

3, Waler level in reservais may nasd 1o by
lowersd to saywre Lhe salety of the smbank~
mmL - '

4. A qualified enginasr shaud inspect Lha
conditisy wnd recommand further acdans w
by takar

ENGINEER REQUIRED

1. Stake out L satwratod wrew and moniwt
for growih of shrinking.

2. Maaswe any culllowe & accuralely &
powidle,

Y, Rassrvair laval may naed to b lowsred if
gatwratod arads locremse i size ot u fixed
sorge level or if Mlow incresass

4. A qualified snginesr should inapest e
condition and recommaend further actichs @

be takes.
ENGINEER REQUIRED

1. Usw probe wnd ahovel o sstablish if the
muterials in this ares ard wetler Lhas wr-
rounding areas.

2. If arcan shows wetness, when sumounding
woks 90 not, & qualified enginenr should
inspect the condidon and recosumand Nurther
sclions & be Laken,

;NGINEER REQUIRED

1. Compure emnbankment cross section o
the wnd of comsuruction condition (o Jee If
chuarved condlion may milest end of
conalreLon,

2. Swie out aected arta and accurately
moasure oulllow,

1. A qualifled engineer ghould inepect the
condilion and recommand fyrher actigns 10
ba takan.

ENGINEER REQLIRED



4

' PROBLEM

TRAMPOLINE EFFECT
IN LARGE S50GGY AREA

LEAKAGE FROM ABUTMENTS

BEYQONMND THE DAM

WET AREA IN
HORIZONTAL BAND

LARGE INCREASE IN FLOW

OR SEDIMENT IN
DRAIN QUTFALL

PROBABLE CAUSE

1. Wear moving rapidly through the
ambankmant or fdundaton it being con-
rolled or conlained by & wel-sstablished
turf ot gystem.

15 atar moving thmugh cracka wod Myaures in
the abutment muterials,

Froct layer of Isyer of sandy msterial in
original coastructon

A shorenad Jespags path or incroasad
Horagy levele.

POSSIBLE CONSEQUENCES

Condition shows sicessive sespuga in (e
weon, b conial layer of turd is destroyed,
rapid eroaion of foundation malerialy <ould
regult in failure of tha dam,

Can Jead (o rapid erosign of abutment and
avacusuon of the resarvoir, Can lead lo
massive slidos newr or downstream from
the dam.

HAZARDOQUS

l. Weding of aru below lhe area of
xcodsive eepags <an Ind Lo locallred
lnzuablllty of U embankment. {SLIDES)
2. Excessive lows oan lesd to scceleratsd
erosion of ymbankmant materials and faifurs
of te dam.

HAZARDOUS

[. Highey veiocicy flows can cause emsion of
druin thon embankeient macerials,

2. Can losd to piping fallurs,

RECOMMENDED ACTIONS

I. Carafully inspect the arvs for cudlaw
quanuty and any transparted mataria,

2. A qualified eagineer should inapect the
condition and recomumond furthsr actiona o
ba taken.

ENGINEER REQUIRED

1. Carsfully inspect the ares o delermine
quantity of tiow snd amount of trenaparied
material,

2. A qualified eagincer or gecloghit should
(napact the condiuon and recommend further
actions o be Wken,

1. Detgrmine w ¢losuly &t possible ths low
being produced.

2. UNow increased, resarvoir lavel should be
reduced unll flow siabilizes or atopa,

3, Stake out the exuct ares involved

4, Uling band tools. uy % idenufy the
materinl allowing te fAaw,

1, A qualified angniaer shauld izspect the
conditlon and recommand further sctions o
be Lakan,

ENGINEER REQUIRED

1. Accurately measures outflow quantity
and determing amaunt of increase gver pre-
vioue Mow,

1. Collect jar yamphos to compare turbidity,
L I aler quanuty or turbidity has
Ineronzed by 23%, 4 quallled enginesr
should vvaluan e condition and; recom-
mend Further actions

ENGINEER REQUIRED




Figures 5.4
Inspection Guidellnes -
Concreie Upatream Slope

PROBLEM

CRACKED DETERIQRATED
CONCRETE FACE

CRACKS DUE TO DRYING

Flguras 1.5
inspeciion Guideiines »

Splitways

EXCESSIVE YEGETATION
OR DEBRIS IN CHANNEL

PROBABLE CAUSE

Cancrats dateriorated resuiting from weath-
ering Joiot Aller deteriorated or dizplaced

Tha soil losas iis molsiuze and shuinks, cavis
Ing ¢racka. NOTE: Usually wveso oo crest
and downateam slops mastly,

Accumulation of slide materinls, dead reey,
excesaive vegotutive prowih, atc., lospillwey
channsl, .

POSSIBLE CONSEQUENCES

Soil 13 eroded behind the face and cavemns can
be formwd. Unsupporisd waioos of conerele
erack loo sction may displace concrews,

Heavy rains can MW up cracks and causs
small parta of embazkment W move along
indamad olip yuriscy,

Raduced discharge capscity, overflow of
spiltway; overtopping of dam. Prolenged
oYartopping cen causs [aijury of the dam.

RECOMMENDED ACTIONS

Detarming cuuss. Either paich with grout or
contact engicesr for permanant repair
method,

2. I damage L axispsive, » qualifled
sagineer shouls [ospect the conditlons and
rcomunand further scucns to be (nken,
ENGINEER REQUIRED

1, Maonitor ¢racks for ncranies 1o width,
dapihy, or length,

2. A quallfled engineer ahould Lnepect the
condltion snd mcomaend further actions 19

ba taken.
ENGINEER REQUIRED

Clsan cul dabris pariodically; control vege-
tative growth in spillway chansel. Insall log
boom in front of spulway entrance Lo inter-
cep dabris, 3



“* PROBLEM
EROSION CHANNELS

EXCESSIVE EROSION
IN EARTH-SLIDE CAUSES
CONCENTRATED FLOWS

END OF SPILLWAY CHUTE

UNDERCUT

WALL DISPLACEMENT

PROBABLE CAUSE

Surface runoff from intenie reinstorma ar
Oaw from spillway carriea surface muterial
down the slope, reultng In contnous
ougha, Llvestock traflic creatr gulliea
whera {low concentrates variel.

Duchargs velocity too higlt borlom and
tiope musarial looss or deterioraied; channel
wnd bank glopey oo 1teep; base w0l
unprotected, poor conslruction proteclive
wrfece feiled

Poor sonfiguration of suling basin arwa
Highly wrodible materials. Absence of cuted
wall al vod of chute,

Poor workmanihip; uneven setlemsent of
loundation: excessiva earth and wiler pres-
wre; insulticent steel bar rvinforcement of
consrete. .

POSSIBLE CONSEQUENCES

Unabated ervsion can iead to ilides, siumps
of §lips which can rasultin rmduced apillwey
cagacity. [oadequate spiillwsy capacity can
bead to embwnkmani overiopping and result
in dam (wilure,

Disturbed Mow panerm: loas of material,
ncvemsed sediment losd downsuream: cols
lapse of banka; failure of spillway: can lead
1o rapid avacustion of the reservoir thiough
the severely erodad wpilway.

HAZARDOUS .
Stucmrd damage to spillwey stucture,
colapwe of slab and wall lesd to coutly

repair,

Minor displacemen will croate eddies and
turkulenca in the {low, causing orvaion of Lhe
soil behind the wail, Major displacement will
cause revere cyacks wnd sventusl failure of
Ui slwcoure,

RECOMMENDED ACTIONS

Photograph condition. Repair damaged
aroms by replating croded material with
cornpacied MU Protect arens agaiunst future
erogicn by inawling awilable rock riprap,
Revepetats araa if appraprisie. Bring condi-
tion Lo the artantion of the engineer during
avxt lnapection.

Minumuzo Mow velocity by proper design.
Use sound material, Keep channed wnd bunx
slopes mild. Encourage growth of grass on
o1l surface, Construct amooth and wells
compacted yurfaces, Prdect sueface with
fiprap, asphalt, or concrela. Rapair sroded
PLT Wing s0und COTUUCHGD praglicey,

Dewater aflaclad arew; cloan oyt eroded wea
and praparly backfill Improve stroam chan.
nel bolow chute, provide propery sized np-
mp in yillng basin arer, [awil culod
wall,

Reconstruction ahould b done sccording to
wound engineering pracuces. Poundelion
thould e carefully prepared. Adequale
waep holey thould be installed to relicve
water pregsure behind wall. Use ¢nough
ruinforgemant {n the congresws. Anchor walls
lo prevent further displacement. Inatal!
wu between apillway walls is peeded,
Clean oyt ad backfush drning to masurs
proper opsrations. Consult ap enginver

before actigns are wken, -

ENGINEER REQUIRED




]
PROBLEM
LARGE CRACKS

OFEN OR DISPLACED JOINTS

BREAKDOWN AND LOSS
OF RIPRAFP

PROBABLE CAUSE

Construction  defact: local coacentrated
suay; local material detenoration: founda-
uan [aiues, excessive backfl pressues,

Excensive and ungvan sottfoment of foun-
dation; sliding of concrets slab; construction
joint 100 wide wnd 4A unsealed Sealunt
delariorsted and waihed away.

Slope oo itvep, matenal poorly graded
[uilure of subgrade; flow velocity too high;
impropar piscemant of matsnal bedding
malenal of foundation wished away.

MATERIAL DETERIORATION-SPALLING  Vis of unsound or defective matsrials: siruc-

AND DISINTEGRATION OF RIPRAP,

CONCRETE. ETC,

turay subject lo freeze-thaw cycles: Improper
mauintenance pracucsy; hammiul chemicaly.

POSSIBLE CONSEQUENCES

HAZARDOUS

Disturpance in flow pattams; wrosion of
foundsticn and backfil; svenual collapse
of 1ructure,

HAZARDOQUS
Erosion of foundation malaris! masy wenzsn

ppan and cauda further Gracks; presavre -

induced by water Ngwing over displaced
Joinis may wash sway wali or slab, or cause
oxtenyive undermuning.

HAZARDQUS
Erovion of channel botiom and banks
failura of apillway.

Structure |0z will be shonened; premature
fuiluce.

RECOMMENDED ACTIONS

Large craghs without largs displacement
ahould be repaired by paiching
Surmoundicg areas shauld be cleansd or cut
oul bafore patching material is applied. {Sae
Chaptar 7.) Inatallation of weep holey or
olher Lctions may be oeeded,

Cemitruction joigt should be no wider than
142 inche All join ahould be ssaled with
sphuli or other flexibla materials. Water-
sops shiould be used whery feasible. Clana
the joint, replace eroded materials, and seal
the joint. Foundations should be properly
draed and prepared. Underside of chuts
slubs should have ribe of engugh deput w
prevant uiding. Avoid stsap chula slopo,
ENGINEER REQUIRED

Deaign a stabie slope for channel botom and
banks. Riprap mawerial should be  well
gaded (e manial should conwin small,
medium, nd large partioles), Sub-grade
shauld be preperly prepared before place
mend of cprsp. laswll Riter Mabric o
nocesaary, Control faw welpeity in the
1plliway by proper design. Rlprap thouid be
placed sccording o ipecillcation Servicas
of a3 englneor we recommended.
ENGINEER REQUIRED

Avoid wing shale or yandsione for Hprap,
Add air-entrsining agent when mixing can-
crate, Use oniy clean good qualicy sggregaias
in the concrews. Stesl bars should have at
least | inch of comcrels cower, Conersto
should be kept wet and protecied from froez-
ing during euring Timbar should by treatad
belory using )



* PROBLEM

POOR SURFACE DRAINAGE

CONCRETE EROSION,
ABRASION, AND FRACTURING

LEAKAGE {N OR ARCUND
SPILLWAY

TOO MUCH LEAKAGE FROM
SPILLWAY UNDER DRAINS

PROBABLE CAUSE

No weep holes; no drainages facility; plugged
draing.

Figw volocity too high {ususlly osours al
lower end of chuta s high dami ) rolling of
@avel and rocks down the chute: cavity
behind or beiow concreta alab,

1. Cracks wnd joinus in geoiogps formation K
1pillway wry permitling sespags.

2. Gravel or sund layers at spillway arg par-
miting sepags.

Druin or culoll may have [ailad

POSSIBLE CONSEQUENCES

Wat foundation. his lowsr supporting capa-
city; uplifl p ¥ rasuiting pag

walar may couse damage to apillwey chuie;
sccumulation of water may Ao increue
talal preasure on pillwaey walls and cause
dunuge.

Pock murks and spalling of concrote aurface
muy progressively become worte: small hole
may cawe undermining of foundatlon. Jead~
iny lo Miilure of structure,

HAZARDOUS

1. Could lead o txcestive (oss of alored
waler,

1. Couwd lead o o prograszive faifure if
velocites we high enough W caute crovion
of natural materials.

HAZARDQUS

1. Excessive flows under the apillway could
Isad o arveion of foundation masrial and
collapiy of paru of the spliiway.

2. Uncontrolled flows could lead to koss of
stored water.

RECOMMENDED ACTIONS

Instell weap bolos on spillway walle. [nner
and of hals shauld be sumounded and packed
with graded fKering wwterind, Inatall drain
syaiom under spillway near dowrnatrenm
end. Cloan out axisting weep holay, Back-
flush wnd rehabsilitae drain syscem under the
supervizion of an engincer,

ENGINEER REQUIRED

Pamova rocks and gravals from apillwey
chute befors Nood season. Raive water level
in sulling basin. Use good quality conceete,
Adiure concrats wurface ja enouth
ENGINEER REQUIRED

L. Examine exit arcs to see if type of
material can explain leakage.

2. Messure flow quantiy and sheck for ergs
zion of natural materialy,

1. [l Nlow rate or amount of sroded maten sl
{ncroaaes rapidly, reservair lovel should be
lowered unil Mow swbilizes or sopa,

4. A qualified enginesr showld inspuel the
coodition and recommend Nrther agbions 12
be laken,

ENGINEER REQUIRED

Same a1 above.




FROBLEM

SEEPAGE FROM A
CONSTRUCTION JOINT OR
CRACK IN CONCRETE
STRUCTURE

Figures 4.4
inpeciion Guidelings - .
[niwis, QGuitieis and Draina

QUTLET PIFE DAMAGE
CRACK

Lllad f b L A e e i
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J CUNTHOL STEM

9 | BHAKENMISSING
7] srem uvings'
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PROBABLE CAUSE

Waler i1 collecting behind struclurg bacnugo
of inufMicient drainage or clogged weep
hales,

Serlement; impact

Rug {stenl pipe} .
Erotion {cancretn pipu}
Cavitation

Serdement or poOOr SOMITUCLON praclice.

1. BROKEN SUPPORT BLOCK
Concrete  detenoration, Excassive force
exgried on contral slem by yying W open
A whan it wa jummed.

2. BENT/BROKEN CONTROL S5TEM
Rust. Excens force wsed o open or close
aw. [nadequate or broksn siem guides.

1. BROKEN/MISSING STEM
GUIDES
Rust. [nedsqusia lubnicalon. Excess forcs

wad o open or clods fee when i wa
Jammed

POSSIBLE CONSEQUENCES

1. Can causs walla o Up in and over. Flows
Byuugh cancrete can lesd (o rapid detenora-
tien lrom westhering

1. W the spiiway is located within the
embankment, rapid erosion can (esd lo
failure of the dam,

Excessive 1eepags, poasible inemnal

HAZARDOUS
Excepiive  sscpage,  posiibie  Lniemal
arosion,

HAZARDQUS

Provides passagewsy for watdr o exit or
cater pipe. resulling in erosion of [vsrmal
malenials of the dem,

Causes contral suppart block to tilt contel
siem may bind, Control hond works may sat-
te. Gata may not opan all the way, Suppart
Block may [ail compictely, leaving outlat
inoperatle.

HAZARDOUS
Cudet |3 lnoperable.

Loss of suppon (or contrel stom. Slem may
buckly and break under sven normml we, (4
in this example}.

RECOMMENDED ACTIONS -

I, Chagk wres bohind wal for puddling of
uface water,

2. Check and clean as needesh dran ouifuily,
flush lines, and waep hoied,

3. If eondition pamists w qualilied enpinese
ahould inepect Lhe condition wad comumand
Rurther acticns lo be Laken,

Chack for avidence of water sikher wnisring
or exiling pips st crack/hole/eis.

Tap pipe ln vicinity of damaged wes, lialen-
ing for hollow yound which shows u void has
formed alang the duuide of the conduit

U & progreasive Mmilurs is suspecicd, requesl
nginewnng sdyics,

Any of thess conditons tan mesn the con-
trol i either inoperable or at best parily
operable. Use of the systzm should be

inimized or di inued. [T the gutel 3ys-
tern hag & second congol vaive, consider
using il 1o reguiete releasen until repairs can
b macle. Enginearing help is recommanded.




ar
PROBLEM

FAILURE OF CONCRETE
OUTFALL STRUCTURE

OUTLET RELEASES ERODING
TOE OF DAM

2,

VALVE LEAKAGE
DEBRIS STUCK UNDER GATE

:

DAMAGE GATE SEAT
OR GUIDES

il ARVENT
-:ﬁ'_ M| ¥ '/ "

SEEPAGE WATER EXITING
FROM A POINT ADJACENT
TQ THE QUTLET

PROBABLE CAUSE

Excessive tide pressures on nanrinforce
concrets suuctura, Poor concrein quallty,

Outiet pipe W0 or. Lack or ecergy~
dissipating pool o structure at Jawrageam
of conduit

Trashrack missing or damsged

lea nction. rust, affect vibralion, or yiress
reulting from forciog gale closed when it
Ly jamumed,

Ruat, eromion, cavilalion, vibratGem, or
L TR

1. A break in the outlel pipe.
2. A puth for low has devaloped alony the
oulide of the ouuet pipe.

POSSiBLE CONSEQUENCES

HAZARDQUS
Loss of outfall structurs axposes embank-
ment Lo smsicn by outlet mivae,

HAZARDOQUS
Ermuion of 10¢ ovorsieepens downxream
Hlope, causing propressive voughing.

Guiq will not close. Gale or 3em msy be
damaged (n effort to clove pue.

Gate-loaf main fail complelely, evacuating
resrvoir,

Leakaga and loss of quppon for gata leal.
Gate may bind in guides and become
inopesable.

HAZARDOUS

Continued [lows can lead to raid erosion of
embankmenl mslorials and failurs of the
dun

RECOMMENDED ACTIONS

1. Check for pragreasive (aliure by monitor-
ing typical dimension, such & "D" sbawn
i Ngure.

2. Rupalr by patching cracks and suppiying
drainage wound concreta suuchury, Totl
replscoment of oudall structure may
pocdad,

I, Extend pipe deyond toe (use a pips of
1ame site and maderia), and form walrtghi
coanMchon Lo existdng coadut).

1. Protact embanianent with iprap over qujt-
able bedding.

Faine wnd lower gua alowly unill duhl;!l i
loosened and Noats past vaive. When reser-
voir e lowsesd, ropair or replace trashrack,

Use vaive only in fuliy open ar closed poti-
tion, Minimize use of valve until leaf can be
repnir of replaced

Mirumuze uza of valve until puides/sests can
ba repaired, If cavitation is the causs, check
o wes I alr vent pipse exisy, and s
unobstructad

I. Thoreughly invesugaws the sres by prob-
ing and/or shovelling Lo wes il the cause can
ba detarminasd.

2. Determinw i leakage water is carying 49il
particien,

J. Detormine quantity of Row,

4. U Now increaaes. or is carying embank-
ment muerials, reacrvair level should be
lowered unul lenkage stops,

Y. A qualified engineer should inspect the
coadition and recommend further agtlons Lo

beo takon,
ENGINEER REQUIRED
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Table 6.1 lisis features to be observed ol @
dom ond the supgested insiruments or chser-
vation lechnique to be used The specific ser-
rions of this manual where ga instrument or
abservation technigue v discwssed are olo
indicoted.

MEANS OF
PROBLEM
DETECTION

VISUAL

FEATURE

EMBANKMENT DAM
Upstream Slope
Downstream Slope
Lefti/Right Abutments
Crest
Internal Drainage Sys.
Relicf Drains
Riprap & Slope

Protection

CONCRETE DAMS
Upstrearn Slope
Downslream Siope
Left/Right Abutments
Crest
Internal Drain. System
Relief Drains
Galleries
Shiiceways/Controls

SPILLWAYS
Approach Channel -
Inlet/outlet structure
Siilling Basin
Discharge conduit/

Channel

Control Features
Esosion Protection
Side Slopes

OUTLETS & DRAINS
Inlet/outlel structure
Stlling Basin
Bischarge Channe)
Trashrack/Debris Control .
Emergency Systems

GENERAL AREAS
Reservoir Surface
Mech/elect. systems
Shoreline
Upstream Watcrshed
Downstream Channel

TABIE 6.1

INSTRUMENTATION AND MONITORING
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GUIDELINES DIRECTORY

WATER QUALITY
(6.3.6)

|
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TEMP. MEAS.

(6.3.7)
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