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AN OWNER'S GUIDANCE MANUAL 
 

INTRODUCTION 
 

The Dam Safety Guidelines are intended to provide dam owners, operators and design engineers 
with information on activities, procedures and requirements involved in the planning, design, 
construction, operation and maintenance of dams in the State of Washington.  In particular, they 
provide guidance in meeting the requirements identified in the Dam Safety Regulations, Chapter 
173-175 WAC.  For convenience of the various expected users, the guidelines have been organized 
into four basic units entitled: 

 

Part I- 
Part II- 

General Information and Owner Responsibilities 
Project Planning and Approval of Dam Construction or Modification 

Part III -  An Owner's Guidance Manual 
Part IV -   Dam Design and Construction 

 
Technical Notes have also been prepared to provide technical information on engineering design and 
analysis of various project elements For clar ity, all important definitions and terms pertinent to 
State of Washington dam safety activities are summar ized in Appendix A of Part IV. 

 
Part III of the guidelines is a reference manual for dam owners to use in developing plans for 
oper ation, monitoring, annual inspection and long term maintenance of their facilities..  The manual 
was prepared by the Association of State Dam Safety Officials (ASDSO) and the Federal Emergency 
Management Agency (FEMA).  Particular emphasis is given in Chapters 5, 6 and 7 to the  
importance of including procedures for inspection, monitoring and maintenance as part of the normal 
operation of a project. 



 
 

 

DAM SAFETY: 
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AN APPROACH TO 
DAM SAFETY 
There is an urgent and continuing 
need for dam safety in the United 
States because of thousands of dams 
are now in place across the U.S. and 
many more ar·e being built each year. 
These dams are essential elements of 
the national infrastructure, but the 
public risk in case of failure is great; 
large and growing numbers of lives 
and valuable properties ar·e at stake. 
Although there are many who ar·e 
concerned about dam safety, legal 
and moral responsibility essentially 
rests with the dam owner.. 
Dam owners serve society by meet 
ing important national needs and of 
course, may also profit from dam 
operations.. However, these reasons 
do notjustify the utility 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 to those which 
follow dam failure, particularly in our 
modern "litigious" society . Liability 
due to failure could easily offset 
years of profitability 
The dam owner can directly influence 
the safety of a dam. Owners can and 
should develop their own safety pro 
gram which includes such important 
elements as inspecting, monitoring 
through instrumentation, maintaining 
the structure, emergency action plan 
ning and operating. Such a program 
is directly related to the dam struc 
ture and its immediate environment 
and depends on the owner's knowl 
edge of the dam and how it works 

 
INTRODUCTION TO 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 normally constructed 
of earthfill or concrete. It is impore 
tant that a dam owner be aware of the 
different types of dams, essential 
component parts of a dam, important 

 
physical conditions likely to influence 
the dam, and how the key com 
ponents function 

 
HAZARDS, 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 
ownership, the kinds of hazards that 
promote these risks and the reasons 
why dams fail. Public risk is high 
because people have been allowed to 
setrle below dams in potential inun 
dation zones and because new dams 
are being built in Jess than ideal 
sites. 
Other elements of risk include natural 
phenomena such as floods, earth 
quakes and landslides.. These hazards 
threaten dam structures and their sure 
roundings.. Floods that exceed the 
capacity of a dam's spillway and then 
erode the dam or abutments are pare 
ticularly hazardous, as is seismic 
activity that may cause cracking or 
seepage. Similarly, debris from land 
slides may block a dam's spillway 
and cause an overflow wave that 
erodes the abutments and ultimately 
weaken the structure.. 
The International Commission of 
Large Dams (!COLD) has deter' 
mined that the three major categories 
of dam failure are overtopping by 
flood, foundation defects and piping. 
For earthen dams, the major reason 
for failure was piping or seepage.. For 
concrete dams, the major reasons for 
failure were associated with foun 
dations. Overtopping was a signifi 
cant cause of dam failure primarily in 
cases where there was an inadeqnate 
spillway. 

 
DEVELOPING A DAM SAFETY 
PROGRAM 
Recognition of the causes and possi 
ble impacts of dam failure points out 
the need for a program to enhance 
dam safety.. Such a program must be 
based on a safety evaluation to detere 



mine a dam's structural and opera 
tional safety. The evaluation should 
identify problems and recommend 
either remedial repairs, operational 
restrictions and modifications, or furc 
ther analyses 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 long term. Devel 
opment of a safety program involves 
a phased process beginning with 
collection and review of existing 
information, proceeding to detailed 
inspections and analyses, and cul 
minating with fmmal documentation. 
Much of the. preliminary work can be 
accomplished by the dam owner with 
the assistance of state and  local public 
agencies However, depending upon 
the number and seriousness of 
problems identified by the initial 
assessment, professional  assistance 
by qualified engineers and contrac 
tors may be required. 
Information presented in this manual 
provides direction on how to proceed 
with establishing an action to increase 
the safety of a dam The discussion 
details technical and procedural 
components of the safety program, 
and necessary  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 
actions to be taken regarding repairs, 
operations, and monitming.. The pro 
gram is cyclical 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 
loss of life 

 
INSPECTION GUIDELINES 
An effective inspection program is 
essential to identify problems and to 
provide for safe maintenance of a 
dam. The inspection program should 
involve tluee types of  inspections: (1)  
periodic   technical   inspections, 
(2) periodic  maintenance inspec 
tions, and (3) informal observations 
by project personnel as they operate 
the dam.. echnical inspections in 
volve specialists  familiar with the 
design and construction of dams and 
include assessments of structure 
safety.. Maintenance inspections are 
performed   more   frequently   than 

technical inspections in order to 
detect, at an early stage, any det 
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, 
powerhouse operators, maintenance 
personnel) performed in the course of 
their nmmal duties.. 

 
INSTRUMENTATION 
AND MONITORING 
GUIDELINES 
Instrumentation of a dam furnishes 
data to determine if the completed 
structur·e is functioning as intended 
and provides a  continuing SUI" 
veillance of the structure to warn of 
any unsafe developments .. 
Means and methods available to 
monitor physical  phenomena  that can 
lead to a dam failure include a wide 
spectrum of instruments  and 
procedures ranging from very simple 
to very complex Any program of dam 
safety instrumentation must involve 
proper design consistent with other 
project components, must be based on 
prevailing geotechnical conditions at 
the dam, and must include 
consideration of the hydro logic and 
hydr aulic factors present both before 
and after the project is in operation.. 
Instrumentation designed for 
monitoring potential deficiencies at 
existing dams must take into account 
the tlueat to life and prop erty that 
the dam presents.. Thus, the extent 
and nature of the instrumenta tion 
depends not only on the com plexity 
of the dam and the size of the 
reservoir, but also on the potential for 
loss of life and property downstream. 
An instiumentation progr am should 
involve instruments and evaluation 
methods that are as simple and 
stiaightforward as the project  will 
allow. Mor eover, the dam owner 
should make adefinite commitment to 
a continuing monitoring program; if 
the program is not continuing, the 
installation of instruments and proce 
dures will be wasted. Obviously, the 
involvement of qualified personnel in 
the design, installation, monitming, 
and evaluation of an instrumentation 
system is of prime importance to the 
success of the program 
Instrumentation and proper monitorc 
ing and evaluation are extremely 
valuable in determining the perform 
ance of a dam.. Specific information 

that instrumentation can provide 
includes: 
• Warning of  a problem 
• Definition   of   and   analyzing   a 

problem 
• Proof that behavior is as expected 
• Remedial action performance 

evaluation 
 

MAINTENANCE GUIDELINES 
A good maintenance program will 
protect a dam against deterioration 
and prolong its life. 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 to dam 
aging deterim ation if not properly 
maintained A good maintenance 
program provides not only protection 
for the owner, but for the general 
public as well. Fmthermore, the cost 
of a proper maintenance program is 
small compared to the cost of majm 
repairs or the loss oflife and property 
and resultant litigation against the 
darn owner. A darn  owner should 
develop a basic maintenance pro 
gram based primarily on systematic 
and fr equent inspections.. Inspec 
tions, as noted in Chapter 5, should 
be done monthly and after major 
flood or earthquake events. During 
each inspection, a checklist of items 
calling for maintenance should be 
used. 

 
EMERGENCY ACTION PLAN 
GUIDELINES 
Although most dam owners have a 
high level of confidence in the struc 
tures they own and are certain their 
darns will not fail, histmy has shown 
that on occasion dams do fail and that 
often these failures cause loss of life, 
injmies and extensive property dam 
age. A dam owner should prepare for 
this possibility by developing an 
emergency action plan which pro 
vides a systematic means to: 
• Identify emergency conditions 

tlueatening  a dam 
• Expedite effective response actions 

to prevent failure 
• Reduce  loss of life  and property 

damage should failure occur 
A darn owner is responsible for pre 
paring a plan covering these measures 
and listings actions that the  owner and 
operating personnel should take. He 
should be familar with the local 
government officials and agencies 
responsible for warning and evacuat 
ing the public. 



Itis important that dam owners make 
full use of others who are concerned 
with dam safety; emergency plans, 
will be more effective ifthey integrate 
the actions of others who can expedite 
response. People and organizations 
with whom the dam owner should 
consult in preparing an emergency 
action plan include numerous local 
participants, state and federal 
agencies, 
An essential part of the emergency 
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 local law en 
forcement agencies and local 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 or 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 warning and evacuation 
planning., Detailed information about 
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 procedure 
or plan calls for detailed: 
• Dam and reservoir physical char 

acteristics data 
• Descriptions of dam components 
• Operations instructions for operc 

able mechanisms 
• Inspection instructions 
• Instrumentation   and   monitoring 

guidelines 
• Maintenance operations guidelines 
• Emergency  operations  guidelines 
• Bibliographical  information 
A schedule should be established to 
include both day-to-day tasks and 
tasks performed less frequently 
throughout the year. The schedule 
formalizes inspection and main 
tenance procedures so that even 'an 
inexperienced person can determine 
when a task is to be done, 

MEASURES TO REDUCE THE 
CONSEQUENCES OF DAM 
FAILURE 
Liabilities which ar·e determined fol 
lowing a dam failure strongly affect 
both organizations and individuals, 
governments and dam owners. Estab 
lishing liability is the legal means 
developed by society to recover 
damages due to a "wrong" (in this 
case, lack of dam safety) and rep 
resents another perspective on the 
dam safety problem. A thorough 
understanding of this legal process 
can help the dam owner decide the 
steps to be taken to reduce liability, 
The dam owner can directly and 
indirectly influence the introduction 
and use of avariety of other measures 
that will serve to reduce the conse 
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 to others. 
Some land use measures instituted by 
governments repres,ent better means 
of mitigating future disasters.. If peo 
ple are restricted from living in inun 
dation zones, then safety is radically 
improved Instituting land use mea 
sures represents one of the most 
effective ways to save lives and prop 
erty over the long term, but such steps 
ar·e not always acceptable to govern 
ments, Thus, given that lives and 
property ar e at 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 preparedness 
planning -- are essentially controlled 
by local governments.. Therefore, 
dam owners would be wise to encour 
age as strongly as possible awareness 
and action in the public sector.. 
Finally, they may also wish to hire 
consultants from the private sector 
when the information needed for pru 
dent decisions exceeds their own 
expertise. 
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CHAPTER 1 
AN APPROACH TO DAM SAFETY 

 
 

1.1 GENERAL 
This manual is a safety guide for dam 
owners.. There is a critical and con 
tinuing need for dam safety 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 risks to. the public 
posed by their possible failure ar·e 
great; large and growing number of 
lives and valuable property ar·e at 
stake.. Although there are many who 
are concerned about dam safety, 
legal and mor al responsibility essen 
tially rests with the dam owner.. 

 
 

 
1.2 URGENCY FOR SAFETY 
The critical need for dam safety is 
clear .. World and national statistics 
on darn failures show an unaccept 
able record oflosses in both lives and 
property. The International Commis 
sion   on   Large   Darns   (ICOLD) 
reports that more than 8000 people 
have died so far this century because 
of the failure of major  darns  The 
record for U..S..  losses from major 
dam failures in recent years, shown 
in Table L 1 is also not encouraging. 
Actµal  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 specific examination 
of the national experience shows that 
over an 18-year period (1965-1983) 
thirty  lesser failures,   or   serious 
incidents that almost led to failure, 
occned  in  Color ado.  'Ihe  Johns 
town, Pennsylvania disaster of 1889 
is regarded  as one of  the nation's 
great catastrophes, and the potential 
for future similar catastrophes due to 
dam failure remains strong.. Only a 
cooperative   effort  in  darn  safety 
involving owners and communities 
can lessen this potential 

 
 

1.3 DAM OWNERSHI P AND 
SAFETY 
This manual can be applied to darns 
owned and operated by a wide range 
of organizations and people, includ 
ing state and local governments, 
public and private agencies, and 
private citizens .. Typical reasons for 
building darns include water storage 
for human consumption, agricultural 
production, power generation, flood 
control, rednction of soil erosion and 
recreation. Thus, dam owners serve 
society by meeting important national 
needs and may also per sonally profit 
from dam operations. However, 
these are not sufficient reasons for 
building or owning a darn if the owner 
cannot provide safety for people and 
property in potential inundation 
zones 
In both financial and moral terms, 
successful dam ownership  and the 
maintenance of safety standards go 
hand  in  hand   Investment  in  darn 
safety  should  be  accepted  as  an 
integr al part of project costs and not 
viewed as an expendable item that 
can be eliminated if a budget becomes 
tight (Jansen,  1980}.  The costs of 
darn safety are small in comparison 
to those which follow darn failure, 
particularly in our modem "litigious" 
society   Liability  due  to  a  failure 
would  probably  negate  years   of 
potential profits .. Many different con 
cerns  and  possible  rewards  result 
from darn ownership, but in the end, 
success will be in large part measured 
by   a  continuing   record  of   darn 
safety 

 
1.4 THE INCREASING 
COMPLEXITY OF THE DAM 
SAFETY PROBLEM 
As national needs for water intensify 
and the  value  of  water  increases, 
more  dams  ar e being  built.  At  the 
same  time,  many existing dams  are 
reaching or passing their design lifo 
spans and, fOr various reasons, peo 
ple   continue   to  settle   near   dams : 
Further, as builders are forced to use 
poorer sites for dams, the job of pro 
tecting  life   and  property   becomes 
more   diflicult    Therefore,   as  dam 
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constmction continues and the pop 
ulation grows, exposur e of the public 
to darn failure hazards increases and 
the overall safety problem becomes 
more difficult 
Governments across the nation have 
shown increasing concern for this 
problem and have enacted Jaws, 
statutes and regulations that place an 
increased burden of responsibility on 
the darn owner.. Inmost states, darn 
owners are held strictly liable for 
losses or damages resulting from darn 
failure.. Concurrently, liability insur 
ance costs have risen rapidly 

 
 

1.5 AN APPROACH TO 
DAM SAFETY 
An owner should be aware of and use 
both direct and indirect means of 
achieving darn safety.. He can, of 
course, monitor and work on factors 
directly in his control (example, 
stmctural 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 darn safety (example, zoning 
laws).. Such indirect influence by an 
owner could result in a significant 

 
 

contribution to the reduction of the 
likelihood and consequences of dam 
failure and thus, to overall com 
munity safety. 
Liability, insur·ance coverage, and 
the roles of the Federal and state 
governments should all be well 
understood by an owner. Addition 
ally, an owner should have a thorough 
knowledge of a darn's physical and 
social environment, including knowl 
edge of natural and technological 
hazards that tlueaten the darn, 
understanding of the developing 
human settlement patterns around 
the darn, and understanding of other 
events that can lead to structural 
failure.   These  indirect  means   of 

TABLE 1.1 
Loss of Life and Property Damage from Notable U..S.. Dam Failures, 

1963-1983 
 

Name & Location Date of Number of Damages 
of dam failure lives lost  

Mohegan Park. Conn Mar 1963 6 $3  million 
Little Deer Creek, Utah June 1963 1 Summer cabins damaged. 
Baldwin Hills, Calif Dec 1963 5 41 houses destroyed, 986 houses 

damaged.. 100 apartment build- 
ings damaged. 
Unknown 
Unknown 
6 houses destroyed. 20 houses 
damaged, 1 manufacturing plant 
damaged or destroyed. 
546 houses destroyed. 538 
houses damaged 
Unknown. 
Unable to assess damage 
because dam failure accom- 
panied damage caused by natural 
floodin 
1 house destroyed 
7 71 houses destroyed, 3,002 
houses damaged, 246 business 
damaged or destroyed. 
6 houses destroyed, 19 houses 
damaged 
Unknown. 
9 houses, 18 house trailers and 2 
college buildings destroyed; 6 
houses, 5 college buildings 
damaged 
Unknown 
Unknown. 
18 bridges destroyed, 1 1'7 
businesses and 108 houses 
damaged.. Campgrounds, fish- 
eries, power plant damaged 
Unknown. 

achieving darn safety are covered in 
more detail in Chapters  2,  3  and 10 
Darn owners, can also influence the 
safety of darns in more direct ways 
Owners can and should develop their 
own  safety  programs..  These  pro 
gr arns should include such important 
elements as inspection, monitoring 
through instrumentation, main 
tenance, emergency action planning, 
and proper operati1;m. Such a pro 
gr am is directly related to a specific 
darn's structure  and  its  innnediate 
environment  and  depends  on  the 
owner's knowledge of the darn and 
how it works  Chapter 2 stresses the 
need for owner's knowledge  about 
the darn, while Chapters 4 through 9 
cover  the  development  of  a  dam 
owner's safety progr am. 

 
 

Swift, Mont June 1964 19 
Lower Two Medicine, Mont June 1968 9 
Lee Lake, Mass Mar 1968 2 

Buffalo Creek, West Va Feb 1972 
 

125 

Lake "O" Hills, Ark Apr 1972  
Canyon Lake, S. Dak June 1972 33 

 
Bear Wallow, N.C 

 
Feb 1976 

 
4 

Teton, Idaho June 19 76 II 

 
Laurel Run, Pa 

 
July 1977 

 
39 

Sandy Run and 5 others, Pa July 1977 5 
Kelly Barnes, Ga Nov 19 79 39 

 
Swimming Pool, N.Y 

 
1979 

 
4 

About 20 dams in Conn June 1982 0 
Lawn Lake, Colo. July 1982 3 

 
DMAD, Utah 

 
June 1983 

 

Source: Graham, 1983.   
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CHAPTER 2 
INTRODUCTION TO DAMS 

 
2.1 GENERAL 
The purpose of a dam is to impound 
(store) water for any of several 
reasons, e..g., flood control, human 
water supply, irrigation, livestock 
water supply, energy generation, rec 
reation, or pollution control This 
manual primarily concentr ates on 
earthen dams which constitute the 
majority of structwes in place and 
under development        · 

 
 

 
2.2 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 to the drainage pro 
cess through which r ainfall or snow 
melt is collected into a particular 
str·eam valley during natural runoff 
(directed by gravity}. Dams con 
structed across such a valley then 
impound the runoff water and release 
it at a controlled rate.. During periods 
of high runoff, water stored 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 
released by the dam.. Downstream 
from the dam, the stream continues 
to exist, but because the quantity of 
water flowing is normally controlled, 
very high runoffs (floods) and very 
low runoffs (drought periods) are 
avoided 

2.3 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 normally constructed 
of earthfill or concrete. Naturally 
occurring lakes may also be modified 
by adding a spillway 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 function, and important 
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- 

nent parts of a typical dam are 
illustrated in Figure 2. I Nearly 
all dams pos.sess the features 
shown or variations of these 
features.. Definitions of the terms 
are given in the glossary of this 
manual, Appendix C. The vari 
ous dam components are dis 
cussed in greater detail later in 
this manual. 

B.. Construction Materials - The 
materials used for construction 
of dams include earth, rock, 
tailings from mining or milling, 
concrete, masonry, steel, timber, 
miscellaneous materials (such as 
plastic or rubber), and any com 
bination of these materials 
1. E mbankment Dami - Em 

bankment dams are the most 
common type of dam in use 
today. They have the general 



 
Ihe ability of an embank 
ment dam to resist the hydro 
static pressure caused by 
reservoir water is primarily 
the result of the mass weight 
and strength of the materials 
fiom which the dam is made.. 

2.. Concr>!te Dams - Concrete 
dams may be categorized into 
gravity  and  arch  dams  ac 
cording to the designs used to 
resist the stress due to reser 
voir  water pressure.. A con- 
crete gravity dam (shown in 
Figure 2. 3) is the most com 
mon form of concrete dam.. In 
it, the mass weight of the con 
crete and friction  resist  the 
reservoir water  pressure..  A 
buttress 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 tlnough vertical or 
sloping  buttresses..  Gravity 
dams are constmcted of non 
reinforced vertical blocks of 
concrete with flexible seals in 
the joints between the blocks. 

 
 
 

shape shown in Figure 2.2 
Their side slopes typically 
have a grade of two to one 
(horizontal to vertical) or flat 
ter Their water retention 
capability is due to the low 
permeability of the entir e 
mass (in the case of a 
homogeneous embankment) 
orof azone oflow-permeability 
material (in the case of a 
zoned embankment dam). 
Materials used for embank 
ment dams include natural 
soil or rock obtained from 
borrow areas or nearby quarc 
ries, or waste materials 
obtained from mining or mill 
ing operations. If the natural 
material has a high per 
meability, then a zone of very 
low permeability material 
must be included in the dam 
to retain water.. 
An embankment dam is termed 
an "earth.fill" or "rockfill" 
dam depending on whether it 
is comprised mostly of 
compacted earth or mostly 
compacted or dumped per·· 
vious rock. 

 
 
 
 
 
 

 
 

Figure 2.2 Embankment Dam 
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Figure 2.3 Concrete Gravity Dam 
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Figure 2.4 Concrete Arch Dam 
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Concrete arch dams are typ 
ically  rather  thin  in  cross 
section   (Figure   2 4). The 
reservoir water forces acting 
on an arch dam ar·e carried 
laterally into the abutments 
The shape of the arch may 
resemble a segment of a circle 
or  an  ellipse,  and the  arch 
may be curved in the ve1tical 
plane as well.. Such dams are 
nsually constmcted of a se1ies 
of thin ve1tical blocks that ar e 
keyed  together;  waterstops 
are  provided   between the 
blocks..  Variations  of  arch 
dams include multi-arch dams 
in which more than one cur 
ved section is used and arch 
grnvity darns which combine 
some  features  of  the   two 
types of darns.. 
A recently developed method 
for constmcting 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 darns.. This 
Hrollet compaction" con 
struction technique has the 
advantage of both decreased 
cost and time.. In addition, 
there are no joints where 
seepage could occur. 

3. Other Types - Various con 
struction techniques could be 
used in a single dam.. For 
example, a dam could include 
an earth or rockfill embank 
ment as well as a portion 
made of concrete.. In such a 
case, the concrete section 
would normally contain the 
spillway or othe1 outlet 
works. 
Other construction materials 
such as timber or timber 
faced with steel sheeting have 
been used for darn construc 
tion in the past. In other 
cases, crib walls constructed 
of timber, steel, or steel mesh 
filled with soil or rock were 
used. In addition, many types 
of embankment and crib-wall 
darns employed a concrete or 
other impermeable facing to 
aid inwater retention Masomy 
dams (usually designed as 
gravity darns) were also pop 
ular about 100 years ago. 

--- 
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A recent and increasingly 
popular design for low-head 
darns (minimum height of 
water behind darn) involves 
the use of inflatable rubbe1or 
plastic materials anchored at 
the bottom by a concrete 
slab. 
Some dams ar·e constructed 
fm special pm:poses such to 
divert water or permit con 
struction of other facilities in 
1iver valleys.. These darns are 
teimed diversion dams and 
cofferdams, respectively. 

 
2.3 WATER RETENTION 
ABIUTY 
Because the purpose of a dam is to 
retain water effectively and safely, 
the water retention ability of a dam is 
of pdme impo1tance.. Water may 
pass from the reservoir to the 
downstr·eam side of a dam by: 
• Seeping through the dam 
• Seeping through  the abutments 
• Seeping under the dam 
• Ove1topping the dam 
• Passing thmugh the outlet 

works 
• Passing over   an   emergency 

spillway 
Ihe fast three modes are considered 

undesirable, particularly if the seep 
age is not limited in areal extent 01 
volume.. Ove1topping of an embank 
ment dam is also very undesir·able 
because the embankment matedal 
may be eroded away. Additionally, 
only a small number of concrete 
darns have been designed to be over 
topped. Wate1 nmmally leaves a 
darn by passing through an outlet 
works; it should pass over an 
emergency spillway only  dm:ing 
pedods of very high rese1voir levels 
and high water inflow.. 
A. Seepage Thmugh a Dam - All 

embankment dams and most 
concrete darns have some seepage 
through the dam.. The earth or 
othe1 material used to construct 
embankment dams has some 
pe1meability, and water under 
pressUie from the rese1voir will 
eventually seep through.. How 
ever, it is impo1tant to control 
the quantity of seepage by using 
low pe1meability materials in the 
construction of the darn and by 
channelling and restricting the 
flow so that erosion of embank 
ment matedals does not ocCUI. 

 
 

Seepage through a concrete darn 
is usually minimal and is almost 
always through joints between 
blocks or through cracks OI 

deteriorated concrete which may 
have developed.. Maintenance of 
thesejoints and cracks is therefore 
essential.. The seepage water 
should be collected and chan 
nelized, so that the quantity of 
water can be measm:·ed and ero 
sion can be minimized. 

B. Seepage   Around    a   Dam   - 
Seepage under  a dam, through 
the darn foundation mate1ial, 01 
around   the   ends   of   a   dam 
through the abutment mate1ials 
may become a se1ious problem if 
the flow is large or if it has suffi 
cient velocity to cause erosion.. 
Seepage  undeI a   dam   also 
creates  high  hydrostatic  uplift 
(pore  water)  pressm:es  which 
have  the  effect  of  an  upward 
pressm:·e 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 01· 
foundations   can  dissolve   the 
constituents   of   ce1tain   rocks 
such as limestone, dolomite, or 
gypsum  so that  any  crncks  OI 
joints  in the rock become pro 
gressively  lar·ger  and  in  tum 
allow more seepage. Abutment 
01 foundation seepage may also 
result  in "piping" internal  ero 
sion in which the flow of water is 
fast enough to erode away small 
particles  of  soil  This  erosion 
progresses  from the water  exit 
point  backward   to  the  water 
entrance point.. When that point 
is reached, water may then flow 
um·estricted  resulting  in  even 
greater  erosion   and  probable 
darn failUie.. 
Obviously, it is not desirable to 
allow large um·estricted seepage 
to occUI.. To minimize this 
possibility, darns ar·e constructed 
with internal impe1meable bar" 
tiers and internal drainage facili 
ties such as drain pipes, filter 
systems, or othe1 drainage sys 
tems such as toe drains, blanket 
drains, or chimney drains.. 
Flow through a darn foundation 
may be diminished by gr·outing 
known or suspected highly per 
meable matedal, constructing a 

 
 

cutoff wall or trench below a 
dam, or constructing an upstream 
impe1meable blanket. Figm:e 2..5 
illustrates a cutoff tr·ench and an 
upstream blanket. 
In summary, the overall water 
retention ability of a dam de 
pends, on the pe1rneability of the 
darn, the abutments, the founda 
tion, and the effmts made to 
reduce that pe1meability or re 
strict the flow of water through 
those components.. 

 
2A RELEASE OF WATER 
Intentional release of water, as stated 
ear'lie1, is confined to water releases 
through outlet works or over emer 
gency spillways.. An outlet works 
commonly has a p1incipal 01 mech 
anical spillway and a drawdown 
facility.. Additionally, darns should 
be equipped with eme1gency spillways 
to manage extreme floods.. 
A    Principal  or Mechanical  Spill 

way - The piincipal or mechani 
cal spillway maintains the nmmal 
water level in the rese1voir. Its 
function 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  wate1 
over  the  top  into  a  concrete 
spillway. Either method uses the 
ove1flow  p1inciple..  When  the 
rese1voir reaches a ce1tain level, 
water flows into a stand pipe or 
1iser pipe or over a gate.. Intake 
structUies  for  spillways  must 
have systems that prevent clog 
ging  due  to  accumulations  of 
trash or deb1is.. 

B. Drawdown Facility - All dams 
should have some type of draw 
down facility which can: 
• Quickly lowe1the water level 

if failure of the darn is 
imminent 

• Se1ve the operntional pill" 
poses of the rese1voir 

• Lowe1the waterlevel for dam 
repairs 

• Pm:posely fluctuate the pool 
level to kill weeds and 
mosquitoes 
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Figure 2.5 Cutoff Trench and 
Upstream Blanket 

 
 

The valve regulating the chaw 
down facility should be on the 
upstream end of the conduit to 
minimize the 1isk to the dam 
posed by a possible internal mp 
ture of the pipe. 

C Emergency Spillway - As the 
name implies, an emergency 
spillway functions dming emer 
gency conditions to p1event 
overtopping of a dam.. A typical 
emergency spillway is an exca 
vated channel in earth or rock 
near one abutment 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 occm.. Fmtherc 
more,  the  spillway  should  be 

constructed in such a manner 
that the spillway itself will not 
seriously erode when it is in use. 
Obviously, erosional failure of 
the spillway could be as cata 
strophic as failure of the dam 
itself.. An emergency spillway 
should be sized to convey the so 
called "design flood" the rare, 
Jarge magnitude flood 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 
years 
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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.. Life 
and property loss statistics fully jus 
tify the need for dam owners to better 
under stand 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 effort to 
improve dam safety and preserve the 
benefits of dam ownership 

 
 

 
3.1 HAZARDS AS SOURCES 
OF RISK 
Dam structure itself can be a source 
of risk due to possible construction 
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 if excessive reservoir 
seepage erodes the foundation or 
abutments 
The physical hazards which can cause 
dam failure are translated into high 
risks when people or  property are 
threatened, and where the high Iisks to 
which Americans are exposed are 
exacerbated by a number of important 
factors. For instance, in most states, 
people are allowed to settle below 
dams in potential inun dation zones, 
thereby compounding risk 
Natur al hazards such as floods, 
earthquakes and landslides are also 
important 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 settlement Failure 
to aqjust  to these events has been 

costly both to dam owners and the 
public in general 
Human behavior is another  element of 
dam failure risk; simple mistakes, 
operational mismanagement, unnec 
essary oversights  or  destructive intent 
can interact with other hazards to 
compound the  possibility  of failure. 
Thus,  a  broad  range  of natur al and  
human  hazards  exist that, taken 
separately or in combina tion, 
increase the probability of dam failure 
and injury to  people and property. 
The following discussion of some of 
the most significant hazards that lead 
to public risk illustrates the interrela 
tionship of events that can lead to dam 
failure.. 

 
3.. L l  Natural hazards that thr eat· 
en  dams -  The  most  important 
natural haz ruds threatening dams 
include: 
• Flooding from high precipitation 
• Flooding from dam failure 
• Earthquakes 
• Landslides 
F!Ooding from high precipitation - 
Of the natural events that can impact 
dams, floods ar e the niost significant 
Afloodplain map of the U.S. (Figure 
3·J ) gives. some idea of the major 
flood-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, flood 
potentials must be included in risk 
analyses for dam failure.. Dams are 
sometimes constructed to withstand 
a probable  maximum  flood (PMF) 
assumed to occur on the upstr·eam 
watershed; this assumed event be 
comes the basis  for  the design  of 
safety factors built into the dam (e.. g. , 
enhanced structural elements or 
spillway capacity)  However, dams 
ar·e  often   built   in   areas   where 
estimates of the PMF rue based on 
rather short precipitation and runoff 
records. As a result, spillway capacity 
may be underestimated. 
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Flooding.from dam.failure - When a 
dam fails as a result of a flood, more 
people and property are generally 
placed in jeopardy 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 life. When a natural flood 
occurs near a dam, the probability of 
failure and loss of life almost always 
increases. 
The sudden surge of water generated 
by a dam failure usually exceeds the 
maximum flood expected naturally; 
dam failure inundation zones and 
100-year floodplains a:re seldom con 
gruent. The upper portion of an inun 
dation zone almost always exceeds 
the 100-year floodplain con 
siderably; therefore, residences and 
businesses that would escape natural 
flooding can be at extreme risk from 
dam failure flooding.. Hence,  it is 
important to make residents of those 
structur·es cognizant of the full risk to 
which they are exposed so that they 
can respond accordingly 
When one dam fails, the sudden 
surge of water may well be powerful 
enough  to  destroy  another  down- 

str·eam dam, compounding the disas 
ter.. The potential for such a snowball 
effect is great, but the problem may 
seem remote to a dam owner who has 
not sJ;udied the potential impacts of 
upstream dams on bis own structure. 
Upstream dams may seem too far 
away to be a real threat, but inunda 
tioµ zones and surge crests can 
extend many miles downstream - 
especially if the reservoir behind the 
collapsed da:rn held a large quantity 
of water. 
Earthquakes - Earthquakes are also 
significant threats to dam safety.. 
Both ea:rthen and concrete dams can 
be damaged by ground motions 
caused by seismic activity. Cracks or 
seepage can develop, leading to 
immediate or delayed failur·e.. Dams 
such as those in California, located 
nea:r· relatively young, active faults 
ar·e of particular concern; but dams 
(especially older concrete and earthen 
structures) located where relatively 
low-scale seismic events may occur 
ar·e al at risk. Areas of the U S. 
where significant seismic risks exist 
are indicated in Figure 3.2.. However, 
recent detailed seismic analyses have 
indicated  a much broader  ar·ea of 

seismicity suflicient to damage dams; 
the seismic risk is essentially nation 
wide.. Dam owners should be awar·e 
of the history of seismic activity in 
their locality and should develop 
their dam safety emergency pro 
cedures accordingly 
Land s/ides - Rock slides and land 
slides 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 str·eam which 
can then be overtopped and fail. In 
turn, failure of such a natural darn 
could then cause the overtopping of a 
downstream dam or by itself cause 
damage equivalent to the failure of a 
human-made dam.. In addition, large 
increases in sediment caused by such 
events can materially reduce storage 
capacity in reservoirs and thus 
increase a downstr·eam dam's vulner" 
ability to flooding Sedimentation can 
also damage low-level gates and 
water outlets; damaged gates and 
outlets can lead to failure.. 
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Figure 3.2 Seismic Map of the UnHed States: Reproduced from the Uniform Bulldlng 
Code, 1979 (1982X1985) ectHlon. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SEISMIC RISK MAP OF 
THE UNITED STATES 
ZONE 0 No damage 
ZONE 1 Minor damage, distant earthquakes 

may cause damage to structures 
with fundamental periods greater 
than 10 seconds, corresponds to 
intensities V and VI of the M M • 
Scale. 

ZONE 2 Moderate damage: corresponds to 
intensity VII of the M..M.* Scale 

ZONE 3 Major damage, corresponds to 
intensity Vlll and higher of the 
MM..* Scale 

ZONE 4 Those areas within Zone 3 deter 
mined by the proximity to certain 
major fault systems, 

*Modified Mercatal Intensity Scale of 1931 

 
3.1.2 Hazards from human  activ ity 
- Human activity must also be 
considered when analyzing the 1isks 
posed by dams. By convention, 
classification of potential dam failw·e 
1isk is based on the severity of poten 
tial impact, not on the stmctwal 
safety of the dam.. Thus, dams that 
may be of ve1y sound constmction 
are labeled "high hazard" if failw·e 
could result in catastmphic loss of 
life -- in other words, if people have 
settled  in the  potential  inundation 

ment below dams.. More high and 
significant haza1d dams are con 
tinually being "created" as develop 
ment occws in potential inundation 
zones. 
Many other complex aspects of set 
tlement and development must be 
considered in assessing dam 1isks. 
Because of sho1t-te1m revenue needs 
or   other   presswes,   governments 

often pe1mit development inhazard 
ous areas despite long-te1m dange1 
and the Iisk of high futwe disaste1 
costs.. Dive1sion of settlement away 
from potential inundation zones is a 
sw·e means of reducing Iisk, but is not 
always a policy suitable to the 
immediate needs of local govern 
ment Perhaps the ultimate irony for 
a dam owner is to have  developed 

zone.. The "high hazard" designation 
does not necessarily imply structwal 
weakness or an unsafe dam. Lower 

TABLE 3.1 

HAZARD POTENIIAL CLASSIFICATION FOR DAMS 

classifications include "significant 
hazard" darns for which failwe is 
estimated to result in large pmperty 
loss, and "low hazard" dams for 
which failure is estimated to result in 
minimal prope1ty loss.. The following 
is a recommended guide for classify 
ing dam hazards {Table 3.1). 
Risk may well increase through time 
because few governmental  entities 

Category 
Low 

 
 

Significant 
 
 

High 

Urban Development 
No permanent structures for 
human habitation 

 
No urban develo_ent and _ _     , 
a small rif1Mbefcef' habitable 
structiuest c  ;F--,- -- 

Urban development with more 
than a small number of habit·· 
able structures. 

Economic Loss 
Minimal (Undeveloped  to 
occasional structures  or 
ag1iculture). 
Appreciable (Notable 
agriculture,  industry) 

 
Excessive (Extensive com 
munity, industry or agriculture). 



have found the means to limit settle- (Source: U.S.Army corps of Engineers 1982b) 
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anA implemented a safety program 
and then to have settlement permit 
ted in the potential inundation zone 
so that the owner's liability increases.. 
Two extremes of human purpose - 
the will to destroy through war or 
terrorism and the urge to develop and 
to construct - can both result in 
public risks.. Dams have proven to be 
attractive wartime targets, and they 
may be tempting to terrorists .. On the 
other hand, a terrorist's advantage 
from holding the public at risk may 
well be illusory; the deliberate des 
truction of a darn is not at all easy to 
bring about 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 human behavior 
should be included in risk analyses; 
vandalism for example cannot be 
excluded and is in fact, a problem 
faced by many darn owners.. Vegetated 
surfaces of a dam embankment, 
mechanical equipment, manhole 
covers and rock riprap are pare 
ticularly susceptible to damage by 
people.. Every precaution should be 
taken to limit access to a dam by 
unauthorized persons and vehicles.. 
Dirt bikes (motorcycles) and fourc 
wheel drive vehicles, in particular·, 
can severely degrade the vegetation 
on embankments Worn areas lead to 
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 should be sturdy, 
have protected windows, heavy duty 
doors, and should be secured with 
deadbolt locks or padlocks .. Detach 
able controls, 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 into reservoirs or 
spillways by vandals 
Rock used as riprap around dams is 
sometimes thrown into the reserc 
voirs, spillways, stilling basins, pipe 
spillway risers, and elsewhere Rip 
rap is often displaced by fishermen to 
form benches The best way to pre 
vent this abuse is to use rock too Jarge 
and heavy to move easily or to slush 
grout the riprap. Otherwise, the rock 
must be regularly replenished  and 

 
other damages repaired.  Regular· 
visual inspection can easily 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 not be authorized. "No 
Trespassing" signs should be posted, 
and fences and warning signs should 
be erected around dangerous areas.. 
As discussed in Chapter 10, liability 
insurance can be pur·chased 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 ar·e helpful in 
stimulating better awareness, plan 
ning and design In some cases dam 
structur·e analyses are quantitatively 
based, and precise conclusions about 
engineering and design can be made. 
Probabilistic analyses can also be 
important and useful. Still, exact 
quantitative and probabilistic tools 
ar·e not yet  applicable in many 
situations and do not fully supple 
ment or replace qualitative analyses 
- informed perception and judgment 
of the risks.. Judgment and engineerc 
ing experience should play an imporc 
tant role in reaching useful conclusions 
in any site-specific analysis of struc 
tural risk. 
As mentioned in Chapter 2, struc 
tural risks tend to result from design 
and construction problems related to 
the dam materials, construction prac 
tice and hydrology. The complexity 
of the hazard is such that structural 
design and causes of dam failure are 
significant areas of research in 
engineering.. Indeed better design 
criteria have been developed and 
safer dams are being built, but there 
is no basis for complacency.. Dams 
continue to age, people continue to 
move into inundation zones and 
enough hazards exist that the net risk 
to the public will remain high for 
many years.. 

 
3.3 SOURCES OF DAM 
FAILURE 
There ar·e many complex reasons - 
both structural and non-structur·al - 
for  dam  failure.. Many  sources  of 
failure  can  be  traced  to decisions 
made during the design and construc 
tion process andtoinadequate mainten 
ance or operational mismanagement 
Failmes have also resulted from the 
natural hazards already mentioned - 
large scale flooding and earthquake 
movement  However, from the per 
spective of the owner, the structure of 
a darn is the starting point for thorough 
understanding of the potentials  for 
failure. 
The International Commission of 
Large Dams (ICOLD) conducted a 
study of dam failures and accidents. 
Figures 3..3 through 3..5 summarize 
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 
structural failure alluded to in Chap 
ter 2 are: 
• Overtopping by flood 
• Foundation defects 
• Piping 
Overtopping may develop from many 
sources, but often evolves  from 
inadequate spillway design. Alterc 
natively even an adequate spillway 
may become clogged with debris. In 
either situation, water 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 foundation failure than overtop 
ping whereas earthfill dams suffer 
from seepage and piping. However, 
when overtopping and foundation 
failures are lumped together, they 
represent 82 percent of the fai!ur·es 
studied by the ICOLD. 
Figure 3. 3 shows the relative imporc 
tance of these thr·ee main categories 
offailure.. Overall, these three events 
have about the same rate of incidence. 
A more specific analysis of the 
potential sources of failure has to 
take into account types of darns.. 
Similarly, the characteristics of the 
type of dam being monitored will 
point to problems requiring more 
car·eful attention by the owner when 
developing a safety program.. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 3.3 Cause of failure. 
Source: ICOLD (1973).. 

 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 3.4 Age at failure. 
Source: ICOCD (1973). 
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3.3..2 Failures by dam type - Figure 
3.4 4 shows the relation between dams 
built and those that failed for vatious 
dam types from 1900 to 1969. 
Gravity darns appear the safest, 
followed by arch and fill darns.. But 
tress darns have the poorest record 
but ar·e also the ones used least. 
Embankment or Earthfill Dams - 
The major reason for failure of fill or 
embankment darns was piping or 
seepage (38 percent; Figure 3..3).. 
Other hydrologic failures were sig 
nificant, including ove1topping and 
erosion from water flows. All ea1then 
dams exhibit some seepage; however, 
as discussed earlier, 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 slope.. This "piping" 
phenomenon can lead to a complete 
failure of the structure.. Piping action 
can be recognized by an increased 
seepage flow rate, the discharge of 
muddy or discolored water below the 
dam, sinkholes on or near the 
embankment, and a  whirlpool  in the 
reservoir.. 
Earth dams ar·e particularly suscept 
ible to hydrologic failure since most 
sediments  erode  at  relatively  low 
waterflow velocities Hydrologic 
failures result from the uncontrolled 
flow of water over the darn, around 
the darn, adjacent to the darn, and the 
erosive action of water on the dam's 
foundation.. Once erosion has begun 
during  ove1topping,  it  is  almost 
impossible to stop. In a very special 
case, a well-vegetated earth embank 
ment may withstand limited 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  channel 
Table 3.2 lists examples of earthen 
dam  f ailures  caused  by  some  of 
these conditions 

Dam failures 1900-1975 (over 15 m height) 
 

CONCRETE 
 

FOUNDATION 53 

 
 

 
 

 
OVERIOPPING 35 

 
 

 
 

 
 

 
 

 

 
 

 
 

20  
 

(excl. failures during construction and acts of war) 

Dam failures 1900-1975  (over 15 m height} 

100 Foundation-- 
Foundation 

 
Overtopping 

 
 

 
 
 
 

CONCRETE  
 

-- ---1 
0 20 30  0 10 20 30 

AGE IN YEARS AGE IN YEARS 

(excl. failures during construction and acts of war) 
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TABLE 3.2 
EXAMPLE OF EARTHEN DAM FAILURES 

 
SOUTHFORK, PENNSYLVANIA 
The famous Johnstown disaster, caused by the failure of the South Fork Dam in 1889 in 
which 2,209 people were killed, is an example of the overtopping of an earthen dam 
Heavy rainfall in the upper drainage basin of the damfilled the reservoir and caused over 
topping Itwas later calculated that ifa spillway had been built according to specifications 
and if the original outlet pipes had been available for full capacity discharge, there would 
have been no overtopping.. 

 
TETON DAM, IDAHO 
Ihe Teton Dam failure in 1976 was attributed to(!) internal erosion (piping) of the core 
of the dam deep in the right foundation key trench, with the eroded soil particles finding 
exits through channels in and along the interface of the dam with the highly pervious abut 
ment 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 ofopenings 
through inadequately sealed rock joints which may have developed through cracks in the 
core zone in the key trench; (4) the development of piping through the main body of the 
dam that quickly led to complete failure; and (5) the design of the dam did not adequately 
take into account the foundation conditions and the characteristics of the soil used for fill 
ing the key trench. 

BALDWIN ffiLLS AND ST FRANCES DAMS, CALIFORNIA 
The Baldwin Hills Dam failed in 1963 following displacement ofits foundation. Founda 
tion problems were ultimately traced to seismic activity along nearby faults.. The failure of 
the large St Francis Dam (part of the water supply system for Los Angeles) in 1928 was 
also attributed to a variety of problems related to foundation pressures, seepage around 
the foundation and operation. 
(Jansen,  1980). 

 

TABLE 3.3 
EXAMPLES OF CONCRETE DAM FAIWRES 

AUSTIN, PENNSYLVANIA 
An example of a foundation problem can be found in the failure of the Austin, 
Pennsylvania Dam in September, 1911. Evidently, the reservoir was ftlled before the 
concrete had set sufficiently. Eventual failure near the base occurred because of weakness 
in the  foundation  or in the bond between  the foundation  and the concrete. 

WALNUT GROVE, ARIZONA 
In 1890, the Walnut Grove dam on the Hassayompa River failed due to overtopping, kill 
ing about 150 people.. The failure was blamed on inadequate capacity of the spillway and 
poor construction and workmanship.. A spillway 6 X 26 feet had been blasted out of rock 
on one abutment, but with a drainage area above the dam site of about 500 square miles, 
the spillway  could not provide nearly  enough discharge capacity.. 

 
(Jansen, 1980) 

 
 

Concrete Dams - Fallure of concrete 
dams is primarily associated with 
foundation problems.. Overtopping is 
also a significant cause again primarc 
ily when spillways ar·e built with 
inadequate capacity.. Other causes 
include failure to let concrete set 
properly, and earthquakes.. The 
examples summarized in Table 3.3 
illustrate   typical   foundation   prob 
lems leading to dam failure. 

 

3..3..3 Age and its r·elation to 
failure- Figure 3.5 illustrates cause 
offailure as a function of a dam's age 
at the time of failur·e.. Foundation 
failures occurred relatively early, 
while other causes generally took 
much longer to materialize. Thus, it 
is not swprising that a very large per 
centage of all dam failures occur dur· 
ing initial filling, since this is when 
design or constmction flaws, or latent 
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 progr am 
should be visualized by the dam 
owner in terms related to the most 
probable sources of failure for a par· 
ticular dam.. 
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Figure  3.5 Dam  types  (Western 
Eurape and USA, 1900-1969). 
Source: ICOLD (1979). 
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CHAPTER 4 
DEVELOPING A SAFETY  PROGRAM 

 
 

4.1 OBJECTIVES OF A 
SAFETY PROGRAM 
The significance of the dam failure 
problem points out the need for a 
dam safety program.. Such a program 
should be based on  an  evaluation to 
determine a dam's structural and 
operational safety. The evaluation 
should identify problems and recom 
mend either remedial repairs, opera 
tional restrictions and modifications, 
or further analyses and studies to 
determine solutions to the problems. 
A safety program comprises several 
components addressing the spectrum 
of possible actions to be taken over 
the short and long term. These 
actions include: 
• Assessing the condition of the 

dam and its components 
• Conducting preliminary  and 

detailed inspections 
• Identifying 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 recognize dam 
failure hazards and risks 

• Documenting the safety pro 
gram so that the infor mation 
established is available at times 
of need and can be readily 
updated 

Development of a safety program 
involves a phased process beginning 
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 state and local 
public agencies.. However, depending 
upon the number and seriousness of 
problems identified by the initial 
assessment, professional assistance 
by qualified engineers and contiac 
tors may be required. 

4.2 GUIDELINES FOR 
ASSESSI NG EXISTING 
CONDITIONS 
The guidelines for assessing existing 
conditions are a sequence of steps 
that will enable a dam owner to 
secure the information needed to 
determine the need  for subsequent 
detailed investigations, repairs and 
maintenance. The steps include: 
• Reviewing existing data 
• Visiting the site 
• Inspecting the dam 
• Assessing  significance  of  ob- 

served conditions 
• Deciding what to 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 
water shed and the downstr earn chan 
nel reaches are also valuable. The 
design of the dam and its appurtenant 
structures should be  reviewed  to 
assess its actual performance com 
pared to that intended .. Engineering 
records originating during construc 
tion should be reviewed to determine 
if structures  were  constructed  as 
designed. Records  of subsequent 
construction modifications should be 
collected, as well as operation records 
which document the performance of 
the dam and reservoir. Any pre 
viously prepared emergency action 
plan should be reviewed to determine 
if it is up to date and workable All 
these records should be incorporated 
into a notebook or file; they are most 
important in establishing a safety 
program and its supporting documen 
tation.. Chapters 5 through Chapter 
IO provide information to aid the 
development of such documentation 
It 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 particular 
things to look for. A fresh look at the 
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dam structure and its surroundings 
from the point of view of its potential 
hazard is required. 
Inspecting the Dam - It will be 
necessruy to take a detailed and sys 
tematic look at all components of the 
dam and reservoir system The des-· 
cription of the site's components 
(Chapter 2) should aid this inspec 
tion.. The descriptions are generalized, 
and it must be recognized that dains 
and their components come in vruious 
shapes and sizes and differ greatly in 
detail. Features to inspect include: 
• Access roads and ways 
• Upstream slope 
• Crest 
• Downstream slope 
• Left and right abutments 
• Spillways 
• Outlets and drains 
• Reservoir  area  (exposed  and 

submerged) 
Conditions to look for range from 
obvious deterimation, cracks and 
slumps, and boiling seepag to not 
so-obvious internal cmros10n and 
weathering, settlement, and founda 
tion rock deterioration and/or dis 
solution.. A dam may look stable but 
be susceptible to failure resulting 
from gradual deterioration of its 
internal structure.. Regulru and very 
detailed inspections (Chapter 5) and 
follow-up monitoring (Chapter 6) 
and maintenance (Chapter 7) are 
needed to assure the maximum level 
of safety.. 
Assessing Significance of Observed 
Conditions - Chapter 5 presents 
detailed infmmation on conducting 
inspections and assessing the sigrriti 
cance of observed conditions. Typ 
ically, eroded areas, seepage, slides, 
and outflow draw the most attention .. 
Deciding What Io Do Next- These 

 
 

4.3 PROCEDURAL 
GUIDEUNES • 
A SOURCEBOOK 
Jhis chapter provides an overview of 
how to establish a safety prograin. 
Subsequent chapters detail technical 
and procedural steps of the vruious 
safety prograin components.. They 
include: 
• Detailed Inspection Guidelines 

(Chapter  5) 
• Monitoring   and  Instrumenta 

tion Guidelines  (Chapter 6) 
• Maintenance Guidelines (Chap 

ter 7) 
• Emergency  Action  Guidelines 

(Chapter  8) 
• Operations  Guidelines  (Chap- 

ter 9) 
These prograin components can be 
visualized as a sequence of initial and 
continuing activities to insure dam 
safety.. They rue illustrated in 
Figure 4.1. 
Again, the prograin of inspection for 
both the initial and continuing safety 
evaluations establishes the condition 
of the dain and provides the base of 
information necessruy for specific 
actions involving repair, operation, 

 
 
 
 
 
 
 
 
 

l 
 

REPAIRS & 
MAINTENANCE 

 
 

and monitoring.. Ihe flow chrut illus 
trates the cyclical nature of the pro 
gram and the need for cntinuing 
vigilance.. Emergency action can 
hopefully be avoided, but a well 
thought out plan of action (Chapter 
8) in case of imminent m actual 
failure can gr·eatly reduce dainage 
and loss of life.. 

 
4.4 DOCUMENTING  THE 
SAFETY PROGRAM 
It is important to document a safety 
prograin in order to make maximum, 
reliable use of infmmation about the 
dam.. The procedur·al guidelines that 
follow can serve as an outline ortable 
of contents for a safety program 
report The operations plan (Chapter 
9) presents a detailed outline of the 
infmmation that should be included 
in the documentation.. The chapters 
which follow suggest forms for 
inspections, monitoring, etc.. which 
can be used to record information .. It 
is helpful to 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. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
, 

initial activities will have provided a 
good start to establishing a dam 
safety progr ain. Available informa 
tion on design and construction of the 
dain and later structural mod 
ifications provides perspective on its 
existing condition relative to that 
intended. Ifno documentation exists, 
then development of equivalent detail 
should be a fust priority .. 
Inspection and documentation assis 
tance is available from several sour 
ces including state and local agencies 
responsible for dain safety. Pro 
fessional engineering consultants can 
also provide detailed inspections, 
testing, analyses, and documentation 
(Chapter  10). 

.. y .. 
OPERATIONS MONITORING 
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Figure 4.1 Procedural Guidelines for A Dam Safety Program 
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Table 5.1 b:sts .features to be inspected at a 
dam and the problem-s or deficiencies to be 
looked .for. The specific .sections of this 
manual in which the various features  are dis 
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FEAT URE 
EMBANKMENT DAM (5..3) 
Upstream Slope 
Downstream   Slope 
Abutments 
Crest 
Seepage Areas 
Internal Drainage 
Relief Drains 

 
CONCRETE DAM (5.A) 
Upstream  Face 
Downstream Face 
Abutments 
Crests 

 
SPIUWAYS (5,.5) 
Approach Channel 
Stilling Basin 
Discharge Channel 

Control Features Erosion Protection Side 
Slopes 

 
INLETS, OUTLETS 
AND DRAINS (5..6) 
Inlet & Outlets Stilling Basin Discharge 
Channel Irashracks Emergency Systems 

 
GENERAL AREAS (5..7) 
Reservoir Surface Shoreline 
Mechanical Systems Electrical Systems 
Upstream Watershed 
Downstream Flood- Plains 
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CHAPTER 5 
INSPECTION GUIDELINES 

 
 

5.0 INTRODUCTION 
An effective inspection program is 
essential for  identifying  problems and 
providing safe maintenance of a dam. 
An inspection program should involve  
three  types  of  inspections: ( I )  
periodic   technical   inspections; 
(2) periodic maintenance inspec tions, 
and (3) informal observations by 
project personnel as they operate the 
dam. Technical inspections must be 
performed by specialists familiar with 
the design and construction of dams 
and should include assessments of 
structure safety. Maintenance 
inspections are perfmmed more fre 
quently than technical inspections in 
order to detect at an early stage any 
developments which may be det 
rimental to the dam. They involve 
assessing operational capability as 
well as structural stability .. The third 
type of inspection is actually a con 
tinuing effort by on-site project per 
sonnel (dam tenders, power house 
operators, maintenance personnel) 
performed in the course of their nm 
mal duties. Education of new person 
nel is required to assure the continued 
effectiveness of these inspections. 
Visual inspection performed on a 
regular basis is one of the most 
economical means a dam owner can 
use to assure the safety and long life 
of a dam and its immediate environ 
ment. Visual inspection is a straigbt 
forward procedur·e that can be used 
by any properly tr ained person to 
make a reasonably accurate assess 
ment of a dam's condition The 
inspection involves careful examina 
tion of the surface and all parts of the 
structure, including its acljacent 
environment The equipment required is 
not expensive, and the inspection 
usually can be completed in less than 
one day. 

5.1 INSPECTION GUIDELINES 
Iable 5.J lists dam components and 
conditions which may be observed 
during an inspection.. The table sum 
marizes the detailed guidelines pre 
sented  in  subsequent  sections  of this 
chapter, 
Section 5..3 Embankment dams 
Section  5A  Concrete  dams 
Section 5. 5 Spillways 
Section 5..6 Inlets, outlets and drains 
Section 5,.7 Other ar·eas 
At the end of the chapter, diagrams 
and tabular listings of the .guidelines 
(Figures 5.3 througb 5..6) are pre 
sented for the various dam com 
ponents,. The guideline 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 
HAZARDOUS problems where 
evaluation by an ENGINEER is 
required. 
The dam owner, by applying the 
maximum prudent effort, can identify 
any changes in previously noted con 
ditions that may indicate  a safety 
problem Quick corrective action to 
conditions requiring attention will 
promote the safety and extend the 
useful life of the dam while possibly 
preventing costly future repairs, 
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5.2 ORGANIZING FOR 
INSPECTION 
All inspections should be organized 
and systematic, and inspectors should 
use equipment appropriate for the 
task, record observations accurately, 
and survey the structur·e and site 
comprehensively. 
Equipment - Equipment useful for 
inspections is listed in Table 5. 2. 

 
 

Recording  Inspection  Obser 
vations - An accurate 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 pictur·e of 
a darn's current condition and possi 
ble problems should be recorded. 
This information has three elements: 

 
 

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 location along the 
darn, as well as above the toe or 
below the crest, should be estab 
lished and recorded Problems in 
the outlet or spillway should be 
similarly located. 

TABLE 5.2 
Inspection Equipment  and Its Use 

 
Inspection Checklist - Serves as a reminder 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 avoiding the need to 
return to the site to 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 vantage points can also be valuable in compare 
ing past and present conditions.. 
Hand Level - May be needed to accurately locate areas of interest and to deterc 
mine embankment heights and slope.. 
Probe - Provides information on conditions below the surface, such as the depth 
and softness of a saturated area.. 
Hard Hat - Should be used when inspecting large outlets or working in construc 
tion areas.. 
Pocket Tape - Provides accurate dimensional measur·ements so that meaningful 
comparisons  can be made of movements .. 
Flashlight - May be needed to inspect the interior of an outlet in a small 
darn.. 
Shovel - Useful in clearing drain outfalls, removing debris, and locating monitorc 
ing points.. 
Rock Hammer - Can be used to check questionable-looking riprap or concrete 
for soundness. Care must be taken not to break through thin spots or cause 
unnecessary damage.. 
Bonker - Is used to determine the condition of support material behind concrete 
or asphalt faced darns by fmnly tapping the surface of the facing material .. Con 
crete fully supported by fill material produces a "click" or "bink" sound, while 
facing material over a void or hole produces a "clonk" or "honk" sound. A honk 
er can be made of I 1/4-inch hard wood dowel with a metal tip firmly fixed to the 
tapping end 
Binocnlars - Are useful for inspecting limited access areas, especially on con 
crete darns.. 
Volume Container and Timer- Are used to make accurate measurements of the 
rate of leakage.. Various container sizes may 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, such as cracks and wet areas, for 
futur·e 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 inspector. 
First Aid Kit - Is particularly recommended for inspections in areas where rat 
tlesnakes or other poisonous snakes might be present 

2) Extent or Area - The length, 
width, and depth or height of any 
suspected problem ar·ea 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 sonrces 
• Color  or  quantity  of  sedi· 

ment in water 
• Depth   of  deterioration   in 

concrete 
• Length,   displacement,  and 

depth of cracks 
• Extent   of  moist,   wet,   or 

saturated areas 
• Adequacy of protective 

cover 
• Adequacy of surface drain· 

age 
• Steepness  or  configuration 

of slopes 
• Apparent deterioration rate 
• Changes in conditions 

Coverage - An inspection is conduct 
ed by walking along and over a dam 
as many times as is required to 
observe the entire structure.. From any 
given location, a person can usually 
gain a detailed view for 10 to 30 feet 
in each direction,  depending upon the 
smoothness  of the  surface or the type 
of material on the surface, (i..e.., grass, 
concrete, riprap, brush). On the 
downstream slope a zigzag inspection 
path should be used to assure that any 
cracking is detected. 
Sequence - A sequence ofinspection 
insuring systematic coverage of an 
entire site is: 
• Upstream slope 
• Crest 
• Downstream slope 
• Seepage areas 
• Outlet 
• Spillway 



 
 

Following a consistent sequence 
lessens the chance of an important 
condition being overlooked. Re 
porting inspection results in the same 
sequence is recommended to ensure 
consistent records. Inspection forms 
are included in Appendix A. The 
forms should be supplemented with 
additional details specific to 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).. Inaddition to inspec 
tion observations, monitoring 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 
with previous records to see if there 
are any trends that may indicate 
developing problems. If a question 
able change or trend is noted, and 
failure is not imminent, a dam owner 
should consult a professional engineer 
experienced in dam safety.. Quick 
reaction to questionable conditions 
will ensure the safety and long life of 
a dam and possibly prevent costly 
repairs.. 
Crucial Inspection Times -  here are 
at least five special times when an 
inspection is recommended regard 
less of the regular schedule.. 
L Prior to apredictedmajorrainstorm 

or heavy snow melt; check spill 
way, outlet channel, and riprap, 

, 2 During or after a severe rain- 
storm; check spillway, outlet 
channel, and riprap, 

3. During or following a severe 
windstorm; check Iiprap perfor 
mance during the storm (if pos 
sible) and again after the storm 
has subsided, 

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

5.. During and immediately after the 
first reservoir filling; schedule a 
regular progr·am of frequent com 
plete inspections during the period 
a reservoir is first being filled to 
assure that design and site con 
ditions are as predicted. In most 
states, an inspection  and filling 

 
 

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

 
5.3 EMBANKMENT  DAMS 
AND STRUCTURES 
Embankment darns 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: 
• Upstream slope 
• Downstream slope 
• Crest 
• Seepage areas 
Many of the principles and guidelines 
presented in this section are also 
applicable to concrete structures.. 

 
5.3.l Upstream Slope - Typically, 
major problems encountered on an 
upstream slope ar·e: 
• 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 inspection because riprap and 
high water levels can hide problems. 
(When walking on riprap, caution 
should 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 holes. 
Again, most importantly, a criss 
cross path should be used when 
inspecting the slope so that cracks 
and slides can be easily 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 
uniformity.. If a crack is seen, the 
crest and downstream slope in its 
immediate ar·ea should be carefully 
inspected 
Cracks indicate possible foundation 
movement, embankment failure, or a 
surface slide.. Locating them can be 
difficult. Cracks can be less than an 
inch in width, but still several feet 
deep.. Cracks l foot deep usually are 
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not produced by drying and usually 
ar·e cause for concern.. A line of 
recently dislodged riprap on· an 
upstream slope could indicate a 
crack below the Iiprap.. 
Slides can be almost as difficult to 
detect as cracks.. When a dam is con 
structed the slopes may not be uni 
fonnly 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 
tle; for example, they may produce 
only about 2 feet of settlement or 
bulging in a distance of l00 feet or 
more, yet this would still be a signifi 
cant amount of settlement. Dated 
photographs are particularly helpful 
in detecting such changes. 
Sink holes or cave-ins result from 
internal erosion of the dam - a very 
serious condition for earthen em 
bankments. The internal erosion, or 
piping, may be reflected by turbid 
seepage water on exit. Surface soil 
materials may be eroded by wave 
action, rain runoff, and · burrow 
activities If allowed to continue, the 
embankment thickness can be reduced 
and the stmcture weakened. 

 
5..3..2 Downstream Slope - A 
downstream slope should be inspect 
ed car·efully 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 seepage are 
noted in the downstream slope, the 
designated dam safety authorities 
should be notified immediately 
On the downstream slope, some of 
the more threatening conditions that 
could be identified ar·e: 
• Cracks 
• Slides 
• Seepage 
Cracks can indicate settlement, dry 
ing and shrinkage, or the develop 
ment of a slide.. Whatever the cause, 
cracks should 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 cracks.. 
Slides require immediate detailed 
evaluation. Eady warning signs 
include a bulge in the embankment 
near the toe of a dam or vertical dis- 



placement in the upper portion of an 
embankment 
Seepage is discussed separately 
below.. 
If any of these three conditions are 
seen or suspected, the state engineer's 
office should be notified immediately. 
If 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 
nnless 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 is 
found, the state's dam safety 
engineers should be notified 
immediately. 
On the crest, some of the more 
threatening conditions that may be 
identified are: 
• Longitudinal cracking 
• Transverse cracking 
• Misalignment 
Longitudinal cracking can indicate 
localized 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, parallel system of cracks 
along the crest in a direction more or 
less parallel to the axis of the dam. 
These cracks, which are usually con 
tinuous over their length and are 
usually greater than 1foot deep, can 
be differentiated from drying cracks 
which are usually intermittent, erratic 
in pattern, shallow, very narrow, and 
numerous. 
Longitudinal cracking may precede 
vertical displacement as a dam 
attempts to adjust to a position of 
greater stability.. Vertical dis 
placements on the crest are usually 
accompanied by displacements on 
the upstream or downstream face of a 
dam.. 
Transverse cracking can indicate dif 
ferential settlement or movement be 
tween adjacent segments of a dam.. 
Transverse cracking is usually a single 
crack or a close, parallel sys tem of 
cracks which  extend  across the crest 
in a direction more or less 
perpendicular to the length of a dam.. 

This type of cracking is usually 
greater than  1 foot in depth.. 
Transverse cracking poses a definite 
threat to the safety and integrity of a 
darn. If a 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 ifnot corrected, leading to failure 
of the darn 
Misalignment can indicate relative 
movement between adjacent portions 
of a darn  - 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 ar·e 
usually detectable during close in 
spection.. Misalignment may, how 
ever, only be detectable by viewing a 
darn from either abutment Ifon 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 darns, 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 misalignment in that 
section. 

 
5.3.4  Seepage  ar·eas - As  discussed 
previously,  although  all darns  have 
some seepage, seepage in any area on 
or near  a dam can be dangerous, and 
all  seepage  should  be  treated  as  a 
potential problem.. Wet areas down 
stream  from  darns  ar·e  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   erosion    and,   ultimately 
failur·e..  Saturated  areas  of  an  em: 
bankment  or abutment  can move  in 
massive  slides  and  thus   also  lead 
to failure.. 
Seepage can emerge anywhere on the 
downstream face of a dam, beyond 
the toe, or· on the downstream abut 
ments at elevations 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 slope can cause a 
slide or failur·e of the dam by internal 
erosion (piping).. Evidence of seepage 
may vary from a soft, wet area to a 

flowing spring, and may appear 
initially as only  an ar·ea where 
vegetation is lush and dark green in 
color.. Cattails, reeds, mosses, and 
other marsh vegetation often become 
established in seepage areas.. Down 
stream abutment areas should always 
be inspected closely for signs of 
seepage, as should the area of contact 
between an embankment and a con 
duit spillway, drain, or other appurte 
nant structures and outlets.. Slides in 
the embankment or an abutment may 
be the result of seepage causing soil 
saturation and high pore pressur·es.. 
Since seepage can be present but not 
readily visible, an intensive search 
should be made of all downstream 
ar·eas where seepage water might 
emerge.. Even in short grass cover, 
seepage may not be visible and must 
be walked on to be found.. Ideally, an 
inspection for seepage should be 
made when a reservoir is full 

 
5A CONCRETE DAMS AND 
STRUCTURES 
From a safety standpoint, the prin 
cipal advantage of concrete dams 
over earth darns is their relative free 
dom from failur·e by erosion during 
overtopping as well as from embank 
ment slides and piping failur·es. 
Although concrete darns comprise a 
minority of all darns, they ar·e com 
monly of gr·eater height and storage 
capacity than earth structur·es Thus, 
they often represent a potentially 
gr·eater hazard to life and property .. It 
is important that  concrete  dam owners 
be aware of the principal modes of 
failure of such darns and that they be 
able to discern between conditions 
which threaten the safety of the darn 
and those which merely indicate a 
need for maintenance.. 
Concrete darns fail for reasons that 
are significantly different from earth 
dams.. These include: 
• Structural  cracks 
• Foundation and abutment 

weakness 
• Deterioration   due   to   alkali- 

aggregate reaction 
Should any of these conditions be 
discovered during inspection, an 
owner should obtain engineering 
assistance immediately.. 
Structural cracks occur when por 
tions of the dam are overstr·essed and 
are the result of inadequate design, 
poor construction or faulty materials. 
Structural cracks are often irregular, 



 
 

may run at an angle to the major axes 
of the dam and may exlubit abrupt 
changes in direction. These cracks can 
also have noticeable radial, 
transverse, or vertical  displacement. 
Concrete dams transfer a substantial 
load to the abutments and founda 
tion.. Although the concrete of a dam 
may endure, the natural abutments or 
foundation may crack, crumble, or 
move in a massive slide.. If this 
occurs, support for the dam is lost, 
and it fails. Impending failur·e of the 
foundation or abutments may be dif 
ficult to detect because initial move 
ments are often very small 
Severe deterioration can result from a 
chemical reaction between alkali 
present in cements and certain forms 
of silica present in some aggregates.. 
This chemical reaction produces 
byproducts of silica gels which cause 
expansion and loss of strength within 
concrete. Alkali reaction is charac 
terized by certain observable con 
ditions such as cracking (usually a 
random pattern on a fairly large 
scale), and by excessive internal and 
overall expansion. Additional indica 
tions include the presence of a 
gelatinous exudation or whitish 
amorphous deposits on the surface, 
and a chalky appear·ance of freshly 
fractured concrete.. 
Ihe alkali-aggregate reaction takes 
place in the presence of water. Sur" 
faces exposed to the elements or 
dampened by seepage will deteriorate 
most rapidly. Once suspected, the 
condition can be confirmed by a 
series of tests performed on core 
samples drilled from a dam. Although 
the deterioration is gradual, alkali 
aggregate reaction cannot be eco 
nomically corr·ected by any means 
now known.. Continued deterioration 
may require total replacement of a 
structure.. 
Inspection of a concrete dam is 
similar to that of an earth darn. 
However, the following additional 
items should be considered: 
• Access and safety 
• Monitoring 
• Outlet system 
• Cracks   at   construction and 

expansion joints 
• Shrinkage eracks 
• Deterioration due to spalling 
• Minor  leakage 
Access and safety are important 
because the faces of concrete darns 
are often nearly vertical, and sites are 

 
 

commonly steep-walled rock can 
yons. Access to  the  downstream face, 
toe area, 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 darn 
owner because of the difficulty in 
gaining close access to the steep 
surfaces.. Regular inspee tion with a 
pair of powerful binoculars can 
initially identify areas where change 
is occurring.. When these changes are 
noted, a detailed  close up inspection 
should be conducted. Close inspection 
of the upstream face may also require 
a boatswain's chair· or a boat 
Monitoring helps detect structural 
problems in concrete darns such as 
cracks in the dam, abutments, or 
foundation. Cracks may develop 
slowly at first, making it difficult 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 read on a regular 
basis. 
Outlet system deterioration is a prob 
lem for all darns but the frequency of 
such damage may be higher in con 
crete darns because of their greater 
average hydraulic pressur·e. Thus, 
outlet system inspection should be 
emphasized for large concrete dams.. 
Cracks at construction joints exist 
because concrete dams are built in 
segments, while expansion joints ar·e 
built into darns to accommodate 
volumetric changes which occur in 
the structures after concrete place 
ment The latter ar·e refeII'ed to as 
"designed" cracks. These joints are 
typically constructed so that no bond 
or reinforcing, except non-bonded 
waterstops and dowels, extend across 
the joints. 
Shrinkage cracks often occur when, 
during original construction, irreg 
ularities or pockets in the abutment 
contact ar·e filled with concrete and 
not allowed to fully cur·e prior to 
placement of adjacent portions of the 
darn.. Subsequent shrinkage of the 
concrete may lead to irregular· crack 
ing at or near  the abutment 
Shrinkage cracks are also caused by 
temperature variation .. During winter 
months, the upper portion of a dam 
may become significantly colder than 
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those portions which ar·e 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 construction or  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 restore 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   fieezing   and   thawing.. 
Almost every concrete darn in colder 
climates experiences continued minor 
deterioration due to spalling Because 
it usually affects only the surface of a 
structur·e,  it  is  not  ordinarily  con 
sidered  dangerous..  However,  if al 
lowed to continue, spalling can result 
in structural damage, particularly if a 
darn is of thin  cross  section..  Also, 
repair is necessary when reinforcing 
steel becomes exposed.. The method 
of  repair  of  spalled  areas  depends 
upon the depth of the deterioration. 
In    severe   situations,    engineering 
assistance  is  required 
Minor leakage tluough  concrete darns, 
although unsightly, is not usually 
dangerous, unless accom panied by 
structural cracking.. The effect may be 
to promote deteriora tion due to 
freezing and thawing. However, 
increases in seepage could indicate 
that, through chemical action, materials 
are being leached from the darn and 
carried away by the flowing water.. 
Darn owners should note that 
decreases in seepage 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 reasons. 
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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, a dam could be overtopped and 
fail. Similarly, defects in a spillway 
can cause failure by rapid erosion. A 
spillway should always be kept free 
of obstructions, have the  ability to 
resist erosion, and be protected from 
deterioration. Because dams repre 
sent a substantial investment and 
spillways make up a major part of 
darn costs, a conscientious annual 
maintenance program should be pur" 
sued not only to protect the public 
but also to minimize costs as well. 
The primary problems encountered 
with  spillways include: 
• Inadequate  capacity 
• Obstructions 
• Erosion 
• Deterioration 
• Cracks 
• Undermining of spillway outlet 
Inadequate capacity is determined 
by several factors, such as drainage 
area served, magnitude or intensity 
of storms in the watershed, storage 
capacity of the reservoir, and  the 
speed with which rain water flows 
into and fills the reservoir,, An inade 
quate spillway can cause the water in 
a reservoir to overtop the dam.. 
Obstructions of a spillway may result 
from excessive growth of grass and 
weeds, thick brush, trees, debris, or 
landslide deposits.. An obstructed 
spillway can have a substantially 
reduced discharge capacity which 
can lead to overtopping of the dam.. 
Grass is usually not considered an 
obstruction; however, tall weeds, 
brush, and  young tr·ees should be 
periodically cleared from spillways. 
Similarly, any substantial amount of 
soil deposited in a spillway - 
whether from sloughing, landslide or 
sediment transport - should · be 
immediately removed.. Timely re 
moval of large rocks is especially 
important, since they can obstruct 
flow 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 spillway or complete 
wash-out can result if the spillway 
cannot resist erosion. If a spillway is 
excavated out of a rock formation or 
lined with concrete, erosion is usually 
not a problem. However, ifa spillway 

 
 

is excavated in sandy soil, deteri 
orated granite, clay, or silt deposits, 
erosion protection is very important 
Generally, resistance to erosion can 
be increased ifa 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, riprap, concrete lining, 
approach section, the chute channel, 
the stilling basin, the discharge chan 
nel, or protective grass cover. These 
problems can cause water to flow 
under and around the protective 
material and lead to severe erosion. 
Remedial action must be taken as 
soon as any sign of deterioration 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 settlement, shrink 
age, slab displacement, or excessive 
earth or water pressure.. Large cracks 
will  allow water  to wash  out fine 
material below  or behind  the con 
crete slab, causing erosion, more 
cracks, and even severe displacement 
of the slab. The slabmay 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.. 
Undermining   of  a  spillway  causes 
erosion at aspillway outlet, whether it 
be a pipe or 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 eventually lead 
to complete failure of a dam.. Wate1 
must  be  conveyed  safely  from  the 
reservoir to apoint downstream of the 
darn without endangering the spillway 
itself or the embankment.  Often the 
spillway outlet is adequately protec 
ted fornormal flow conditions, butnot 
for extr·eme flows.. It is easy to mis 
estimate the energy and force of flow 
ing water and the resistance of outlet 
mate1ial (earth,  rock,  concrete,  etc), 
The required level of protection is dif 
ficult to establish by visual inspection 
but can usually be determined by hy- 

 
 

draulic calculations performed by a 
professional engineer.. 
Structures that provide complete ero 
sion control at a spillway outlet are 
usually expensive, but often neces 
sary.. Less expensive protection can 
also be effective, but require exten 
sive periodic maintenance as areas of 
erosion and deterioration develop.. 
The following four· factors, often 
interrelated, contribute to erosion at 
the spillway outlet 
1. Flows emerge from the outlet are 

above the stream channel. If 
outlet flows emerge at the correct 
elevation, t.ailwater in the stream 
channel can absorb a substantial 
amount of the high velocity, flow 
and the hydrnulic energy will be 
contained in the stilling basin. 

2.. Flows emerging from the spillway 
are generally free of sediment and 
therefore have substantial sediment 
canying capacity.. In obtaining 
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 downstr·eam from the  
dam. 

3. Flows leaving the outlet at high 
velocity can create negative pres 
sures that can cause material to be 
loosened and removed from the 
floor and walls of the outlet chan 
nel. This action is called "cavita 
tion" when it occurs on concrete 
or metal surfaces.. Venting can 
sometimes  be  used   to  relieve 

negative pressmes. 
4. Water leaking through pipe joints 

and/or flowing along a pipe from 
the reservoir may weaken the soil 
structure around the pipe Inade 
quate compaction adjacent to 
such structures during construc 
tion can compound this problem 

Procedure for inspection - Spillway 
inspection is an important part of a 
dam safety program. The basic 
objective of spillway inspection is to 
detect any sign of obstruction, ero 
sion, deterioration, misalignment, 
or cracking.. 
When inspecting an earth spillway, 
one should dete1mine whether side 
slopes have sloughed, whether there is 
excessive vegetation 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 content of 



 

the  soil, note  the  location  of pat" 
ticulariy wet or soft spots, and see if 
the stilling basin or drop structure is 
properly protected with rocks or rip 
rap.  Because  some erosion  is  un 
avoidable during stilling, an owner 
should also determine whether such 
erosion might endanger the embank 
ment itself. Ifthe spillway is installed 
with a sill, a dam owner should also 
determine if there are any cracks or 
misalignment in the sill and check for 
erosion beneath  or downstream  of 
the sill.. 
Commonly encountered defects of 
concrete spillways and general in 
spection procedures for cracks, spall 
ing, drains, joints, and misalignment 
are summarized in the following 
paragraphs .. 
Hairline cracks are usually harmless.. 
Large cracks should be carefully 
inspected and their location, width, 
length, and orientation noted.. Deter" 
ioration should be determined and 
exposure of reinforcing bar'S should 
be watched for .. 
Spillway surfaces exposed to freeze 
thaw cycles often suffer from surface 
spalling. Chemical action, con 
tamination, and unsound aggregates 
can also cause spalling. If spalling is 
extensive, the spalled area should be 
sketched or  photographed, showing 
the length, width, and depth of the 
area. The problem should be exam 
ined closely to see if the remaining 
concrete has deteriorated or if rein 
forcing bars are exposed.. The con 
crete should be tapped with a 
"honker" or rock hammer to deter" 
mine ifvoids exist below the surface. 
Shallow spa!Iing should be examined 
from time to time to determine if it is 
becoming worse.. Deep spalling should 
be repaired as soon as possible by an 
experienced contractor.. 
Wa!Is of spillways areusua!Iy equipped 
with weep (or drain) holes.. Occa 
sionally spillway chute slabs are also 
equipped with weep holes. If all such 
holes ar·e dry, the soil behind the wall 
or below the slab is probably dry. If 
some holes are dr aining while others 
are dry, the dry holes may be plugged 
by mud or miner al deposits.. Plugged 
weep holes increase the chances for 
failure of retaining walls or chute 
slabs. The plugged holes should be 
probed to determine causes of block 
age and soil or deposits cleaned out 
to restore drainage. Ifthis work is not 
successful, rehabilitation should be 
performed  as soon as possible under 

 

the supervision of a professional 
engineer.. 
Spillway  retaining  wa!Is  and  chute 
slabs   are  normally   constructed   in 
sections.. Between adjoining sections, 
gaps or 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 location, length, and depth of any 
missing sealant, and probe open gaps 
to determine ifsoil behind the wall or 
below the slab has been undermined. 
Misalignment of spillway retaining 
wa!Is or chute slabs may be caused 
by foundation settlement or earth or 
water pressur·e. The inspector should 
carefully look at the upstream or 
downstream end of a spillway near 
the wa!I to determine if it has been 
tipped inward or outward Relative 
displacement or offset between neigh 
boring sections can be readily iden 
tified atjoints. The horizontal as well 
as vertical displacement should be 
measur·ed A fence on top of the 
retaining wa!I is usua!Iy erected in a 
str·aight line at the time of constru 
tion; thus any curve or distortion of 
the fonce line may indicate wa!I 
deformation. 
At the time of construction, the entire 
spillway chute should form a smooth 
surface.. Ihus, measur·ement 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 slab is often accompanied by 
cracks.. A clear· description of crack 
patterns should be recorded or 
photos taken to help in understanding 
the nature of the displacement 
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5.6 INLETS, OUTLETS, AND 
DRAINS 
A dam's inlet and outlet works, 
including internal drains, are essen 
tial to the operation of a dam.. Items 
for inspection and special attention 
include: 
• Reservoir pool levels 
• Lake drains and internal drains 
• 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 dr·ain and release stru 
tur·es, or flashboards.. Flashboards 
ar·e sometimes used to permanently 
or temporarily raise the pool level of 
water supply reservoirs.. Flashboards 
should not be installed or a!Iowed 
unless 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 Very flat slopes or slopes 
with free-draining upstream soils 
can, however, withstand more rapid 
draw down rates.. Conditions causing 
or requiring temporary or pe1manent 
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. 

• Release of water downstr·earn to 
supplement stream flow during 
dry conditions, 

• Fluctuations in the service area's 
demand for water.. 

• Repair of boat docks in the winter 
and growth of aquatic vegetation 
along the shoreline.. 

• Requirements for recreation, hy 
dr'Opower, or water fowl and 
fish management 

Lake drains - A lake drain should 
always be operable so that the po<>! 
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.. 
Ifthe valve cannot be closed after it is 
opened, the impoundment could be 
completely drained.. An uncontrolled 
and rapid drawdown could also cause 
more serious pr'Oblems such as slides 
along the saturated upstream slope of 
the   embankment   01    downstream 
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flooding. Therefore, when a valve or 
gate is operated, it should be inspect 
ed and all appropriate parts lub 
ricated and repaired.. It is also 
prudent to advise downstream resi 
dents of large  and/or prolonged 
disch111·ges .. 
I'otest a valve or gate without risking 
complete drainage, one must phys 
ically block the drain inlet upstream 
from the valve.. Some drains have 
been designed with this capability 
and have dual valves or gates, or slots 
for stoplogs (sometimes called bulk 
heads) upstream from the valve. 
Otherwise, divers can be hired to 
inspect the drain inlet and may be 
able to construct a tempor111y 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 
likelihood of these problems is 
greatly decreased if the valve or 
gate is operated and maintained 
periodically. 
Corrosion - Corrosion 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 corrosion 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 
available.. 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 establishing a 
bond. Similarly, bituminous coating 
cannot be expected to last more than 
one to two years on flowways. Of 
course, corrosion of metal parts of 
operating mechanisms can be effec 
tively  treated  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 
a material such as magnesium is 
buried in the soil and is connected to 
the metal pipe by wire.. An electiic 
potential is established which causes 
the magnesium to corrode 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 trash reduce spillway capacity.. 
As a result, the potential for overtop 
ping is greatly increased, particularly 
if there is only one outlet. If a dam 
has an emergency spillway channel, 
a plugged principal spillway will 
cause more frequent and greater than 
normal flow 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 collectors or racks should be 
installed at the inlets to pipe spillways 
and lake drains.. 
A  well-designed  trashrack  will stop 
large debris that could plug a pipe but 
allow  unrestricted  passage  of  water 
and smaller debris.. Some of the most 
effective racks have submerged open 
ings   which   allow   water   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  in 
turn will cause a progression oflarger 
items  to  build  up,  eventually  com 
pletely blocking  the inlet. Traslnack 
openings should be at least 6 inches 
across  regardless  of  the  pipe  size.. 
The larger the principal spillway con 
duit, the larger the trashrack opening 
should   be.    The   largest   possible 
openings  should  be  used,  up  to  a 
maximum  of about 2 feet. 
A trashrack should be properly 
attached to the riser inlet and strong 
enough to withstand the forces of 
fast-flowing debris, heavy debris, and 
ice.. If the riser is readily accessible, 
vandals may throw riprap stone into 
it. The size of the trashrack openings 
should not be decreased to prevent 
this.. Instead rock that is larger than 
the trashrack openings or too large to 
handle should be used for riprap.. 
Maintenance should include periodic 
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 
ensur·e that it is functioning properly 
and to remove accumulated debris.. 
Cavitation - When water flows 
through an outlet system and passes 
restrictions (e..g, valves), a pressur·e 
drop may occur.. If localized water 
pressures drop below the vapor pres 
sure of water,  a partial vacuum  is 

 
 

created and the water actually boils, 
causing shockwaves which can dam 
age the outlet pipes and control 
valves.. This process can be a serious 
problem for large dams where dis 
charge velocities are high.. 
Testing the outlet system - All 
valves should be fully opened and 
closed at least once a year. This not 
only limits corrosion buildup on con 
trol stems and gate guides, but 8!so 
provides an opportunity to check for 
smooth operation of the system. 
Jerky or erratic operation could 
signal problems, and indicate the 
need for more detailed 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 turbulence.. He or 
she should also listen for noise which 
sounds like gravel being rapidly 
transported through the system. This 
sound indicates that cavitation occurc 
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 outlet should also 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 to be inspected include: 
• Outlet pipes 30 inches or greater 

in diameter can be inspected interc 
nally, provided the system has an 
upstream valve allowing the pipe 
to be emptied Tapping the con 
duit interior with a hammer can 
help locate voids behind the pipe.. 
This type of inspection should ,be 
performed at least once a year.. 

• Small diameter outlet pipes can 
be inspected by remote TV 
camera if necessary. 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 no other 
method of inspection is possible, 
inspection by TV is recommended 
at least once every five years.. 



 
 
• Outlet intake structures,  wet 

wells, and outlet pipes with only 
downstream valves are the most 
difficult dam appurtenances to 
inspect because they are usually 
under water. These should be 
inspected whenever  the reservoir 
!" drnwn  down  or  at  five  year 
mtervals.. If a definite problem is 
suspected, or if the reservoir 
emain_s full over extended per 
mds, divers should be hired to perc 
form an underwater inspection. 

 
5.7 OTHER AREAS 
Other   areas   requirlllg   inspection 
include: 
• Mechanical and electrical 

systems 
• Reservoir swface and shoreline 
• Upstream watershed 
• Downstream floodplains 
Mechanical equipment includes spill 
way gates, sluice gates or valves for 
lake drains or water supply pipes, 
stoplogs, sump pumps, flashboards 
relief 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  actual  operating conditions. 
Each operating device should be perc 
manently marked for easy identifica 
tion,  and  all  operating  equipment 
should be kept accessible. All con 
trols _should be checked fo1 proper 
secunty to prevent vandalism,  and 
finally,  all  operating   instructions 
should be  checked  for clarity  and 
maintained in a secur·e, but readily 
accessible location.. 
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Ihe reservoir surface and shoreline 
should be inspected to identify possi 
ble problems away from the actual 
structure. Whirlpools can indicate 
submerged outlets.. Large land slides 
coming into the reservoir could cause 
waves ove1topping the dam. 
Floods arise from the upstr·eam 
wate1shed Therefore, characteristics 
of the watetshed, such as impetvious 
areas (e.. g. parking lots), 1elate direct 
ly to the magnitude of a flood. Urban 
development in a watershed can 
increase the size of flood peaks and 
the volll:'11e of mnoff, thereby making 
a previously acceptable spillway 
inadequate.. Awareness of upstream 
development and other factots which 
might influence rese1voir inflows is 
iinpo1tant in order to anticipate pos 
sible problems and necessary or 
modifications in the dam.. 
Development in downstr·eam flood 
plains is also ve1y important to the 
dam owner as the extent of devel 
opment and flood preparedness relate 
ditectly to loss of life and damages 
should the dam fail 
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FIGURES 5.3.1 

INSPECTION GUIDEUNES - 
EMBANKMENT UPSTREAM SLOPE 

PROBLEM 

 
 

PROBABLE  CAUSE POSSIBLE   CONSEQUENCES 

 
 

RECOMMENDED  ACIIONS 

Piping or intemal erosion of embankment 
materials or foundation causes a sinkhole.. 
The cave-in of an eroded cavern can result in 
a sink hole.. A small hole in the wall of an 
outlet pipe can develop a sink hole.. Dirty 
water at the exit indicates erosion of the 
dam 

HAZARDOUS 
Piping can empty a reservoir through a small 
hole in the wall or can lead to failure of a 
dam as soil pipes erode through the found&' 
lion or a pervious part of the dam 

Inspect other parts of the dam for seepage or 
more sink holes. Identify exact cause of sink 
holes.. Check seepage and leakage outflows 
for dirty water A qualified engineer should 
inspect the conditions and recommend 
further actions to be taken. 
ENGINEER REQUIRED 

 
 
 
 
 
 
 
 
 

LARGE CRACKS  A portion of the embankment has moved 
because ofloss of strength, or the foundation 
may have moved, causing embankment 
movement 

 
 
 
 
 
 
 
 
 
 
 
 
 

SLIDE,  SLUMP  OR  SLIP  Earth or rocks move down the slope along a 
slippage surface because oftoo steep aslope, 
or the foundation moves Also, look  for 
slides movement in reservoir basin. 

HAZARDOUS 
Indicates onset of massive slide or settle 
ment caused by foundation failure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

HAZARDOUS 
A series of slides can lead to obstruction of 
the outlet or failure of the dam. 

Depending on embankment involved. draw 
reservoir level down.. A qualified engineer 
should insoect the conditions and recom 
mend fwtlier actions to be taken 
ENGINEER REQUIRED 

 
 
 
 
 
 
 
 
 
 
 

Evaluate extent of the slide. Monitor slide. 
(See Chapter 6.) Draw the reservoir level 
down if safety of dam is threatened. A 
qualified engineer should inspect the con· 
ditions and recommend further actions to be 
taken. 
ENGINEER REQUIRED 

 
 
 
 
 
 
 
 
 

SCARPS,  BENCHES, 
OVERSTEEP AREAS 

Wave action, local settlement, or ice action 
cause soil and rock to erode and slide to the 
lower part of the slope forming a bench 

Erosion lessens the width and possible 
height of the embankment and could lead to 
increased seepage or overtopping of the 
dam 

Determine exact cause of scarps.. Do 
necessary earthwork, restore embankment 
to original slope and provide adequate pro 
tection (bedding and riprap).. See Chapter 
7. 
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PROBLEM 

PROBABLE CAUSE POSSIBLE CONSEQUENCES RECOMMEND  ACIIONS 

 

BROKEN DOWN 
MISSING  RIPRAP 

 

 
 
 

EROSION  BEHIND 
POORLY GRADED RIPRAP 

 

 
 
 
 
 

Figures  5.3.2 
lnspectlOn Guidelines • 
Downstream Slope 

Poor quality riprap has  deteriorated. Wave 
action or ice action has displaced riprap. 
Round and similar-sized rocks have rolled 
downhill. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Similar-sized rocks allow waves to pass 00- 
tween them and erode small gravel particles 
and soil. 

Wave action against these unprotected areas 
decreases embankment Yi'idth 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Soil is eroded away from behind the riprap. 
This allows riprap to settle, providing less 
protection and decreased embankment width 

Re-establish normal slope.. Place bedding 
and competent riprap.. (See Chapter 7.) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Re-establish   effective   slope   protection 
Place bedding material.. ENGINEER RE 
QUIRED for design for gradation and size 
for rock for bedding and riprap.. A qualified 
engineer should inspect the conditions and 
recommend further actions to be taken. 

 
SLIDE/SLOUGH l. Lack of or loss of strength of embank 

ment material. 
2.. Loss  of strength can tie attnouted  to 
infiltration of water into the embankment or 
loss of support by the foundation 

HAZARDOUS 
Massive slide cuts through crest or up 
stream slope reducing freeboard and cross 
section. Structwal collapse or overtopping 
can  result 

L  Measure  extent  and displacement  of 
slide. 
2  If continued  movement  iS  seen,  begin 
lowering water level until movement stops. 
3. Have a qualified engineer inspect the con 
dition and recommend further action. 
ENGINEER    REQUIRED 
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PROBLEM 

 
PROBABLE  CAUSE 

POSSIBLE CONSEQUENCES RECOMMENDED ACTIONS 

 

TRANSVERSE  CRACKING Differential settlement of the embankment 
also leadsto tranverae cracking (e g, center 
settles more than abutments).. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

CAVE  IN/COLLAPSE L Lack of adequate compaction 
2.. Rodeot hole below.. 

                        3.. Piping through embankment or foundation 

LONGIIUDINAL  CRACKING I.. Drying and shrinkage of surface material.. 
2.  Downstream  movement  of  settlement 
of embankmeot. 

HAZARDOUS 
Settlement or shrinkage cracks can lead to 
seepage of reservoir water through the dam. 
Shrinkage cracks allow water to enter the 
embankment This promotes saturation and 
increases freeze-thaw action. 

 
 
 
 
 
 
 
 
 
 

HAZARDOUS 
Indicates possible wash out of embankmeot. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I.. Can be an early warning of a potential 
slide 
2 Shrinkage cracks allow water to eoter the 
embankmeot aod freezing will further crack 
the embankment. 
3.. Settlement or slide showing Joss  of 
strength in embankment can lead to failure.. 

I ..  Ifnecessary,  plug upstream  end of crack 
tO prevent Dows from the reservoir.. 
2.. A qualified engineer should inspect the 
conditions andrecommend further actions to 
be  taken. 
ENGINEER  REQUIRED 

 
 
 
 
 
 
 
 
 
 

L Inspect for and immediately repair rodent 
holes.. Control rodents to prevent future 
damage.. 
2. Have a qualified engineer inspect the con 
dition and recommend further action 
ENGINEER  REQUIRED 

 
 
 
 
 
 
 
 
 
 

L Ifcracks are from drying, dress area with 
well-compacted material to keep swface 
water out and natural moisture in. 
2   If cracks  are  extensive,  a  qualified 
engineer should inspect the conditions and 
recommend further actions to be taken 
ENGINEER  REQUIRED 

 
 
 
 
 
 
 
 
 

SLUMP 
(LOCALIZED CONDITION) 

Preceded by erosion undercutting a portion 
of the slope.. Can also be found on steep 
slopes 

Can expose impervious zone to erosion and 
lead to further slumps 

L Inspect area for seepage.. 
2. Monitor for progressive failure 
3. Have a qualified engineer inspect the con 
dition and recommend further action. 
ENGINEER  REQUIRED 



34 PROBLEM PROBABLE CAUSE POSSIBLE CONSEQUENCES RECOMMENDED ACTIONS 
 

EROSION Wat.er from intense rainstorms or snow-melt 
carries surface material down the slope, 
resulting in continuous troughs.. 

Can be hazardous if allowed to continue. 
Erosion can lead to eve'1tual deterioration of 
the downstream  slope and  failure  of the 
structure. 

1. Ihe preferred method to protect eroded 
areas is rock or riprap.. 
2.. Re-establishing protective grasses can be 
adequate if the problem is detected early. 

 
 
 
 
 
 
 
 
 
 
 
 

TREES/OBSCURING   BRUSH Natural vegetation in area.  Large tree roots can create seepage paths. 
Bushes can obscure visual inspection and 
harbor rodents..    · 

 
1.. Remove all large, deep-rooted trees and 
shrubs on or near the embankment. Properly 
backfill void. (See Chapter 7..) 
2 Control vegetation oo the embankment 
that obscures visual inspection (See Chap 
ter 7.) 

 
 
 
 
 
 
 
 
 
 

RODENT ACTIVITY  Ove1"abundance of rodents. Holes, tunnels 
and caverns are caused by animal burrow 
ings.. Certain habitats like cattail type plants 
and trees close to the reservoir encourage 
these animals.. 

 
 
 
 
 
 
 
 
 
 
 
 

LIVESIOCK/CAITLE     IRA,FFIC Excessive travel by livestock especially 
harmful to slope when wet. 

Can reduce length of seepage path, and lead 
to piping failure. If tnnnel exists through 
most of the dam, it Cliil lead to failure of 
the darn. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Creates areas bare of erosion protection and 
causes erosion channels.. Allows water to 
stand. Area susceptible to drying cracks. 

I. Control rodents to prevent more damage.. 
2.. Backfill existing rodent holes.. 
3.. Remove rodents.. Determine exact loca 
tion of digging and extent of tunneling. 
Remove habitat and repair damages,. (See 
Chapter 7.) 

 
 
 
 
 
 
 
 
 
 
 

I. Fence livestock outside embankment 
area 
2,. Repair erosion protection, i.e.., riprap, 
grass. 



35 Flsures 5.3.3 
lnspectlOll Guidelines • 
Embankment Crest 

PROBLEM 

 
 
 

PROBABLE  CAUSE POSSIBLE   CONSEQUENCES 

 
 
 

RECOMMENDED ACTIONS 

LONGITUDINAL CRACK 1.. Uneven settlement between adjacent sec 
tions or zones within  the embankment. 
2..Foundation failure causing Joss of support 
to  embankment 
3. Initial stages of embankment slide. 

HAZARDOUS 
L Creates local area of low strength within 
embankment. Could be the point of initiation 
of future structural movement, deformation, 
or failure.. 
2.. Provides entrance point for surface run-off 
into embankment, allowing saturation of 
adjacent embankment area, and possible 
lubrication which could lead to localized 
failure. 

I. Inspect crack and carefully record loca 
tion, length, depth, width, alignment, and 
other pertinent physical features. Immedi 
ately stake out limits of cracking. Monitor 
frequently 
2 Engineer should determine cause of 
cracking and supervise steps ne.cessary to 
reduce danger to dam and correct condition. 
3. Effectively sel\I the cracks at the crest's 
surface to prevent infiltration by surface 
water 
4. Continue to routinely monitor crest for 
evidence of further cracking. 
ENGINEER REQUIRED 

 
 
 

VERTICAL DISPLACEMENI  L Vertical movement between adjacent sec 
tions of the embankment 
2.. Structural deformation or failure caused 
by structural stress or instability, or by 
failure of the foundation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

CAVE-IN ON CREST L Rodent activity.. 
2. Hole in outlet conduit is causing erosion 
of embankment material. 
3.. Internal erosion or piping of embankment 
material by seepage. 
4.. Breakdown of dispersive clays within 
embankment by seepage waters.. 

HAZARDOUS 
L Provides local area oflow strength within 
embankment  which  could  cause  future 
movement. 
2. Leads to structural instability or failure. 
3.. Provides entrance point for surface water 
that could further lubricate failure plane.. 
4.   Reduces  available   embankment   cross 
section 

 
 
 
 
 
 
 
 
 

HAZARDOUS 
L Void within dam could cause localized 
caving,  sloughing,  instability,  or  reduced 
embankment cross section 
2.. Entrance point for surface water.. 

1.. Carefully inspect displacement andrecord 
its location, vertical and horizontal displace 
ment, length, and other physical features 
Immediately stake out limits of cracking. 
2. Engineer should determine cause of dis 
placement and supervise all steps necessary 
to reduce danger to dam and correct 
condition.. 
3.. Excavate areatothebottom of thedisplace 
ment. Backfill excavation using competent 
material andcorrect construction techniques, 
and under supervision of engineer. 
4.. Continue to monitor areas routinely for 
evidence of future cracking or movement. 
(See  Chapter  6.) 
ENGINEER REQUIRED 

 
 
 
 

I. Carefully inspect and record location and 
physical characteristics (depth, width, length) 
of cave in 
2.. Engineer should determine ause of cave 
in and supervise allstepsne.cessary to reduce 
threat to dam and correct condition. 
3.. Excavate cave slope sides of excava 
tion, and backfill hole with competent 
material using proper construction te.ch 
niques.. (See Chapter 7..) This should be 
supervised by enginee.r. 
ENGINEER REQUIRED 



36 
PROBLEM PROBABLE CAUSE POSSIBLE   CONSEQUENCES 

RECOMMENDED ACTIONS 

 

TRANSVERSE  CRACKING 1.. Uneven movement between adjacent 
segments of the embankment. 
2. Deformation caused by structural stress 
or instability. 

HAZARDOUS 
L Can provide a path for seepage through 
the embankment cross section 
2.. Provides local area of low strength within 
embankment. Future structural movement, 
deformation  or failure  could  begin 
3. Provides entrance point for surface runoff 
to enter embankment 

L Inspect crack and carefully record crack 
location, length, depth, width, and other per 
tinent physical features.  Stake  out  limits of 
cracking. 
2   Engineer  should   determine   cause  of 
cracking and supervise all steps necessary to 
reduce danger to dam and correct condition. 
3.. Excavate  crest along crack to a point 
below the bottom of the crack. Then backfill 
ingexcavationusing competent material and 
correct  construction  techniques..  lbis will 
seal the crack against seepage and surface 
runoff.  (See  Chapter  7..) This  should  be 
supervised by engineer 
4.  Continue  to monitor  crest  routinely  for 
evidence of future Cracking. (See Chapter 
6.) 
ENGINEER REQUIRED 

 
 
 
 

CREST  MISALIGNMENT  L Movement between  adjacent parts  of 
the structure.. 
2.. Uneven deflection of dam under loading 
by reservoir. 
3..  Structural  deformation  or  failure  near 
area of misalignment. 

IArea of misaligmnent  is usually accom panied 
by low area in crest which reduces 
freeboard. 
2.. Can produce local areas of low embank 
ment strength which may lead to failure.. 

L Establish monuments across crest to 
determine exact amount, location, and 
extent of misalignment. 
2. Engineer should determine eause of mis 
alignment and supervise all steps necessary 
to reduce threat to dam and correct 
condition 
3. Monitor crest monuments on a scheduled 
basis following remedial action to detect 
possible  future  movement.  (See  Chapter 
6.) 
ENGINEER REQUIRED 

 
 
 
 

LOW AREA 
IN CREST OF DAM 

 
1.. Excessive settlement in the embankment 
or foundation directly beneath the low area 
in the crest. 
2 Intemal erosion of embankment material 
3.. Foundation spreading toupstream and/or 
downstream   direction. 
4.. Prolonged wind erosion of crest area. 
5.. Improper final grading following con 
struction. 

 
Reduces  freeboard  available  to pass  flood 
flows safely through spillway.. 

 
LEstablish monuments along length of crest 
to determine exact amount, location, and 
extent of settlement in crest 
2.. Engineer should determine cause of low 
area and supervise all steps necessary to 
reduce possible threat ot the dam andcorrect 
condition 
3.. tablish uniform crest elevation over 
crest length by placing fill in low area using 
proper construction techniques.. This should 
be supervised by engineer. 
4.. Re-establish  monuments  across crest of 
dam and monitor monuments on a routine 
basis to detect possible  future settlement 
ENGINEER     REQUIRED 



 
 

 
 
 
 

37 PROBLEM 
 

PROBABLE CAUSE 
 
POSSIBLE CONSEQUENCES RECOMMENDED ACTIONS 

 

Neglect of dam and lack of proper main 
tenance procedures. 

1. Obscures large parts of the dam, prevent 
ing adequate, accurate visual inspection of 
all parts of the dam. Problems which threaten 
the integrity of the dam can develop and 
remain undetected until they progress to a 
point  that  threatens  the  dam's safety. 
2. Associated rooi systems develop and 
penetrate intothe dam's cross section. When 
the vegetation dies, the decaying root sys 
tems can provide paths for seepage. This 
reduces the effective seepage path through 
the eml>ankment and could lead to possible 
piping situations. 
3. Prevents easy access  to all parts of the 
Wµn for operation, maintenance, and 
itiSpection. 
4. Provides habitat for rodents. 

!. Remove  all  damaging  growth  from  the 
dam. This would  include removal  of trees, 
boshes,  brush,  conifers,  and  growth  other 
than grass. Grass should be encouraged on 
all segments of the dliin to prevent erosion by 
surface runoff. Root systems should also be  · 
removed  to the  maximum  practical. extent, 
The void  which results from removing  the 
root   system   should   be   backfilled   witli 
wellcompetent,  well-compacted  material.. · 
2. Future undesirable growth should be 
removed by cutting or spraying, as part of an 
annual maintenance program. {See Chap 
ter 7.) 
3. All cutting or debris resulting from the 
vegetative removal should be immeditely 
taken from the dam and properly disposed of 
outside the reservoir basin. 

 
 

RODENT ACTIVITY Burrowing animals. !.Entrance point for surface runoff to enter 
· dam. Could saturate adjacent portions  of 

the dam. 
2. Especially dangerous if hole penetrates 
dam below phreatic line. During periods of 
high storage, seepage path through the dam 
would be greatly reduced and a piping situa 
tion could develop.· 

1. Completely backfill the hole with compe 
tent,  well-compacted  material. 
2. Initate a rodent control program to reduce 
the burrowing animal population and to pre 
vent future damage to the dam. {SeeChiipter 
7.) 

 
 
 
 
 
 
 
 

GULLY ON CREST  !. Poor grading Xand improper drainage of 
crest  Improper  drainage  causes  surface 
runoff to collect and drain of crest at low 
point iti upstream or downstream shoulder. 
2. Inadequate spillway capacity which has 
caused dam to overtop. 

 
 
 
 
 
 
 
 
 
 
 

RUTS ALONG  CREST  Heavy  vehicle  traffic  without  adequate  or 
proper maintenance or proper crest surfacing. 

!. Can reduce available freeboard. 
2. Reduces cross-sectional area of dam. 
3. Inhibits access to all p<lfls of the crest 
and dam. · 
4. Can result in a hazardous condition ifdue 
to overtopping. 

 
 
 
 
 
 
 
 
 
 
 

I. Inhibits  easy  access  to  all  p<trts  of 
crest. 
2. Allows continued development of rotting. 
3. Allows  standing water  to collect  and 
saturate crest of dam. 
4. Operating and maintenance vehicles  can 
get stuck. 

!. Restore freeboard to dam by adding fill 
material in low area, using proper construc 
tion techniques. {See Chapter 7.) 
2. Regrading crest to provide proper drainage 
of surface runoff. 
3. If gully was caused by overtopping, pro 
vide adequate spillway which meets current 
design standards. This should be done by 
engineer. 
4. Re-establish  protective  cover. 

 
 
 
 
 
 
 

I. Drain standing water from ruts. 
2. Regrade and recompact crest to restore 
integrity and provide proper drainage to 
upstream slope. {See Chapter 7.) 
3. Provide gravel or roadbase material to 
accommodate  traffic. 
4. Do periodic maintenance and regrading to 
prevent reformation of ruts. 

.. 
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PROBLEM 

PROBABLE CAUSE POSSIBLE CONSEQUENCES RECOMMENDED  ACIIONS 

 

PUDDLING ON CREST 
POOR DRAINAGE 

lPoor grading and improper drainage of 
crest. 
2.. localized consolidation  or settlement on 
crest allows puddles to develop.. 

L Cause  localized  soturation  of  the crest 
2.. Inhibits access to all parts  of the  dam 
and  crest. 
3..  Becomes  progressively  worse  if not 
corrected. 

L Drain standing water from puddles. 
2.. Regrade and recompact crest to restore 
integrity and provide proper drainage to 
upstream slope.. (See Chapter 7..) 
3.. Provide gravel or roadbase material to 
accommodate traffic.. 
4. Doperiodic maintenance and regrading to 
prevent reformation of low areas.. 

 
 
 
 
 
 
 
 
 

DRYING  CRACKS  Material on the crest of dam expands and 
contracts with alternate wetting and drying 
of weather cycles.. Drying cracks are usually 
short, shallow, narrow, and many.. 

Provides point of entrnnce for surface runoff 
and surface moisture, causing staturation of 
adjacent embankment areas.. This statura 
tion, and laterdrying ofthe dam, could cause 
further cracking 

L Seal surface of cracks with a tight, imper 
vious material.. (See Chapter 7..) 
2.. Routinely grade crest to provide proper 
drainage and fill cracks.. -OR 
3.. Cover crest with non-plastic (not clay) 
material to prevent large moisture content 
variations.. · 
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Fi_gures 5.3A 

lnspecllOn Guidelines • 
Embankinent  Seepage Areas 

PROBLEM 

 
 

PROBABLE  CAUSE POSSIBLE   CONSEQUENCES 

 
 

RECOMMENDED ACTIONS 

EXCESSIVE QUANIITY 
AND/OR MUDDY WATER 
EXIDNG FROM A POINT 

 

 
 
 

STREAM OF WATER 
EXIDNG THROUGH CRACKS 
NEAR THE CREST 

 

 
 
 
 

SEEPAGE WATER 
EXITING AS A BOIL 
IN THE FOUNDATION 

 
L Water has created an open pathway, 
channel, or pipe through the dam. 'The water 
is eroding and carrying embankment ma 
terial 
2, Large amounts of water have accnmulated 
in the downstream slope,, water and 
embankment materials are exiting at ooe 
point. Surface agitation may be causing the 
muddy water., 
3., Rodents, frost action or poor construction 
have allowed water to create an open 
pathway or pipe through the embankment 

 
 
 
 
 
 
 

L Severe drying has caused shrinkage of 
embankment material, 
2, Settlement in the embankment or founda 
tion is causing the transverse cracks., 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Some part of the foundation material is sup 
plying aflow path, This could be caused by a 
sand or gravel layer in the foundation, 

HAZARDOUS 
l,. Continued flows can saturate parts of the 
embankment  and  lead  to  slides  in  the area 
2 Continued flows can further erode 
embankment materials and lead to failure of 
the  dam 

 
 
 
 
 
 
 
 
 
 
 
 

HAZARDOUS 
Flow through the crack can cause failure of 
the dam, 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HAZARDOUS 
Increased flows can lead to erosion of the 
foundation and failure of the dam 

L Begin measuring outflow quantity and 
establishing whether water is getting mud 
dier, staying the same, or clearing up.. 
2,. Ifquantity of flow is increasing the water 
level in the reservoir should be lowered until 
the flow stabilizes or stops 
3. Search for opening on upstream side and 
plug if possible, 
4, A qualified engineer should inspect the 
oondition and recommend further actions to 
be  taken. · 
ENGINEER REQUIRED 

 
 
 
 
 
 
 

l , Plug the upstream side of the crack to stop 
the flow. 
2,, The water level in he reservoir should be 
lowered until it is below the  level of the 
cracks 
3., A qualified engineer should inspect the 
condition and recommend further actions to 
be taken., 

 
 
 
 
 
 
 
 
 
 
 
 

L Examine the boil for transportation  of 
foundation materials,, 
2 If soil particles are moving downstream, 
sandbags or earth should be used to create a 
dike around the boil., The pressures created 
by the water level within the dike may con 
trol flow velocities and temporarily prevent 
further erosion 
3.. If erosion is becoming greater, the reser 
voir level should be lowered 
4, A qualified engineer should inspect the 
condition and recommend further actions to 
be  taken. 
ENGINEER REQUIRED 
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PROBLEM PROBABLE CAUSE POSSIBLE   CONSEQUENCES 

 
RECOMMENDED  ACIIONS 

 

SEEPAGE EXITING AT 
ABUTMENT  CONTACT 

 

 
 
 
 

LARGE AREA WET OR 
PRODUCING   FLOW 

L Water flowing through pathways in the 
abuttnent. . 
2. Water flowing through the embankment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A seepage path has developed through the 
abulment or embankment materials and 
failure of the dam can occur. 

HAZARDOUS 
Can lead to erosion of embankment materials 
and failure of the dam 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HAZARDOUS 
I. Increased flows could lead to erosion of 
embankment material and failure of the 
dam. 
2 Saturation of the embankment can lead to 
local slides which could cause failure of 
the dam 

I. Study leakage area to determine quantity 
of flow and extent of saturation. 
2 Inspect daily for developing slides.. 
3.. Water level in reservoir may need to be 
lowered to assure the safety of the embank 
ment. 
4.. A qualified engmeer should inspect the 
conditions andrecommend further actions to 
be taken. 
ENGINEER  REQUIRED 

 
 
 
 
 
 
 
 

I.. Stake out the saturated area and monitor for 
growth or shrinking. 
2.. Measure any outflows as accurately as 
possible. 
3.. Reservoir level may need to be lowered if 
saturated areas increase in size at a fixed 
storage level or if flow increases. 
4.. A qualified engineer should inspect. the 
condition and recommend  further actions to 
be taken. 
ENGINEER  REQUIRED 

 
 
 
 
 
 
 

MARKED  CHANGE 
IN VEGETATION 

 
I. Embankment material are supplying flows 
paths.. 
2.. Natural seeding by wind. 
3.. Change in seed type during early post con 
struction  seeding 

 
Can show a saturated area  L Use probe and shovel to establish if the 

materials in this area are wetter than sur 
rounding areas.. 
2.. Ifareas shows wetness, when _surrounding 
areas do not, a qualified engineer should 
inspectthe condition and recommend further 
actions to be  taken. 

GINEER REQUIRED 
 
 
 
 
 
 
 
 

BULGE IN LARGE WEI AREA Downstream   embankment 
begun to move. 

materials  have HAZARDOUS· 
Failure  of  the  embankment 

 
result 

 
from 

L Compare embankment cross section to 
the end of construction condition to see if 

   massive  sliding  can  follow 
movements. 

these early observed  condition  may  reflect  end  of 
construction. 

 2.. Stake out affected area and accurately 
measure outflow.. 
3.. A qualified engineer  should  ingpect the 
condition and recommend further actions to 
be taken. 
ENGINEER REQUIRED 



 
 

 
 
 
41 

PROBLEM PROBABLE  CAUSE POSSIBLE CONSEQUENCES RECOMMENDED ACTIONS 
 

TRAMPOLINE EFFECT 
IN LARGE SOGGY AREA 

 

 
 
 
 

LEAKAGE FROM ABUTMENTS 
BEYOND THE DAM 

!. Water moving rapidly through the 
embankment or foundation is being con 
trolled or contained by a well-established 
turf root system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water moving through cracks and fissures in 
the abutment materials. 

Condition shows excessive seepage in the 
area. If control layer of ,turf is destroyed, 
rapid erosion of foundation materials could 
result in failure of the dam. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Can lead to rapid erosion of abutment and 
evacuation of the reservoir. Can lead to 
massive slides. near. or downstream from 
the  dam. 

!. Carefully inspect the area for out\low 
quantity and any transported material, 
2. A qualified engineer should inspect the 
condition and recomme.nd further actions to 
be  taken. 
ENGINEER  REQUIRED 

 
 
 
 
 
 
 
 
 
 
 
 
 

1. Carefully inspect the area to determine 
quantity of flow and amount of transported 
material 
2. A qualified engineer or geologist should 
inspect the condition and recommend further 
actions to be taken. 

 
 
 
 
 
 
 
 
 
 
 

WET AREA IN 
HORIZONTAL BAND 

 

 
 
 

LARGE INCREASE IN FLOW 
OR SEDIMENT IN 
DRAIN OUTFALL 

Frost layer or layer of sandy material  in 
original construction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A  shortened   seepage  path  or  increased 
storage levels. 

HAZARDOUS 
1. Wetting of areas below the area of 
excessive seepage can led to localized 
instability of the embankment. (SLIDES) 
2. Excessive flows can lead to accelerated 
erosion of embankment materiaJS and failure 
of the dam. 

 
 
 
 
 
 
 
 
 
 
 

HAZARDOUS 
1. Higher velocity flows can cause erosion of 
drain then  embankment  materials. 
2. Can lead to piping failure. 

1. Determine as Closely as possible the flow 
being produced. 
2. Ifflow increases, reservoir level should be 
reduced ilntil flow stabilizes or stops. 
3. Stake out the exact area involved 
4. Using band tools, try to identify the 
material allowing the flow. 
5. A qualified engineer should inspect the 
condition and recommend further actions to 
be taken. 
ENGINEER  REQUIRED 

 
 
 
 
 
 
 
 

1. Accurately measures outflow  quantity and 
determine amount of increase over ore- 
vious flow. 
2. Collect jar samples to compare twbidicy. 
3. If either quantity or turbidity bas 
increased by 25%, a qualified engineer 
should evaluate the condition and recom 
mend further actions. 
ENGINEER  REQUIRED 

" 



42 
Figures 5.4 

Inspection Guidelines • 
Concrete Upstream Slope 

PROBLEM 

 
 

PROBABLE CAUSE POSSIBLE CONSEQUENCES RECOMMENDED ACTIONS 

CRACKED DETERIORATED 
CONCRETE FACE 

 
 
 
 
 
 
 
 
 
 
 
 
 

CRACKS DUE TO DRYING 
 

 
 
 

Figures 5.5 
Inspection Guidelines • 
Spillways 

EXCESSIVE  VEGETATION 
OR DEBRIS IN CHANNEL 

Concrete deteriorated resulting from weath 
ering. Joint filler deteriorated or displaced. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ihe soil loses its moisture and shrinks, caus 
ing cracks. NOTE: Usually seen on crest 
and downstream slope mostly 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Accumulation of slide materials, dead trees, 
excessive vegetative growth, etc.., in spillway 
channel 

Soiliserodedbehindthe faceandcaverns can 
beformed. Unsupported sections of concrete 
crack. Ice action may displace concrete. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Heavy rains can fill' up cracks and cause 
small parts  of embar.kment to move along 
internal slip surface.. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reduced discharge capacity; overflow of 
spillway; overtopping of dam. Prolonged 
overtopping can caure failure of the dam. 

Determine cause.. Either patch with grout or 
contact engineer for permanent repair 
method. 
2  H  damage  is  extensive,  a  qualified 
engineer should inspect the conditions and 
rei:ommend further actions to be taken. 
ENGINEER  REQUIRED 

 
 
 
 
 
 
 
 
 
 

L Monitor cracks for increases in width, 
depth, or length 
2.. A qualified engineer should inspect the 
condition and recommend further actions to 
be taken. 
ENGINEER REQUIRED 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Clean out debris periodically; control vege 
tative growth in spillway channel.. Installlog 
boom in fiont of spillway entrance to inter 
cept debris.. 



 
 
 

43 PROBLEM PROBABLE  CAUSE POSSIBLE CONSEQUENCES RECOMMENDED ACTIONS 

 

EROSION CHANNELS 
 
 

 
 
 
 
 

EXCESSIVE EROSION 
IN EARTH-SLIDE CAUSES 
CONCENTRATED FLOWS 

 

 
 
 

END OF SPILLWAY CHUTE 
UNDERCUT 

Surface runoff from intense rainstorms or 
flow from spillway carries surface material 
down the ,slope, resulting in continous 
tronghs. Livestock traffic create gullies 
where flow concentrates Varies. 

 
 
 
 
 
 
 
 
 
 
 

Discharge velocity too high; bottom and 
slope material loose or deteriorated; channel 
and· bank slopes too steep; bare soil 
unprotected; poor construction protective 
surface failed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Poor configuration of stilling basin area. 
Highly erodiole materials. Absence of cutoff 
wall  at end of chute. 

Unabated erosion can lead to sli!les, slumps 
or slips which can result in reduced spillway 
capacity. Inadequate spillway capacity can 
lead to embankment overtopping and result 
in dam failure. 

 
 
 
 
 
 
 
 
 
 
 
 

Distlirbed flow pattern; loss of material, 
increased sediment load downstream; col 
lapse of banks; failure of spillway; can lead 
to rapid evacuation of the reservoir through 
the  severely  eroded spillway. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

HAZARDOUS 
Structural damage to spillway structure; 
collapse of slab and wall lead to costly 
repair. 

Photograph condition. Repair damaged 
areas by replacing eroded material with 
compacted fill. Protect areas against future 
erosion by  installing suitable rock riprap. 
.Revegetate area if appropriate. Bring Condi 
tion to the attention of the engineer during 
next inspection. · 

 
 
 
 
 
 
 
 
 
 

Minimize .flow velocity by proper design. 
Use sound material. Keep channel anci bank 
slopes mild. Encourage growth of grass on 
soil surface. Construct smooth and. well 
compacted surfaces. Protect surface with 
riprap, asphalt, or concrete. Repair eroded 
part using sound construction practices. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Dewater affected area; clean out eroded area 
and properly backfill. Improve stream chan 
nel below chute; provide properly sized rip 
rap in stilling basin area. Install cutoff wait 

 
 
 

.. 
 
 
 
 
 
 
 

WALL DISPLACEMENT Poor  workmanship;   uneven   settlement  of 
, foundation; excessive earth and water pres 

sure; insufficent  steel bar reinforcement  of 
concrete. 

Minor displacement. will create eddies and 
turbulence in the flow, causing erosion of the 
soilbehind the wall. Major displacement will 
cause severe cracks and eventual failure of 
the  structure. 

Reconstruction should be done according to 
soilnd engineering practices. Foundation 
should be carefully prepared.  Adequate weep 
holes should be installed to relieve water 
pressure behind wall. Use enough 
reinforcement in the concrete. Anchor walls to 
prevent  further  displacement  Iastall struts 
between spillway walls is needed. Clean out 
and backllush drains to assure proper 
operations. Consult an engineer before  
actions are  taken. 
ENGINEER  REQUIRED 
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PROBLEM 

LARGE CRACKS 
 

 
 
 
 

OPEN OR DISPLACED JOINTS 
 

 
 

BREAKDOWN AND LOSS 
OF RIPRAP 

 
  

 

 
 
 

MATERIAL   DETERIORATION-SPALLING 
AND DIS.INTEGRATION OF RIPRAP, 
CONCRETE, ETC. 

PROBABLE  CAUSE 
 

Construction defect; local  concentrated 
stress; local material deterioration; founda 
tion failure, excessive backfill pressure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Excessive and uneven settlement of foun 
dation; sliding of concrete slab; construction 
joint too wide and left unsealed Sealant 
dete1iorated  and washed  away. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Slope too steep; material poorly graded; 
failure of subgrade; flow velocity too higb; 
improper placement of material; bedding 
material or foundation  washed  away. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Use of unsound ordefective materials; struc- 
ture" subject to freeze-thaw cycles; improper 
maintenance  practices;  harmful  chemicals. 

POSSIBLE CONSEQUENCES 

HAZARDOUS 
Disturbance  in  flow patterns;  erosion  of 
fuundation  and  backfill;  eventual  collapse 
of structure. 

 
 
 
 
 
 
 
 
 
 
 
 

HAZARDOUS 
Erosion of foundation material may weaken 
support and cause further cracks; pressure 
induced by water flowing over displaced 
joints may wash away wall or slab, or cause 
extensive undermining. 

 
 
 
 
 
 
 
 
 
 
 

HAZARDOUS 
Erosion  of  channel  bottom   and  banks; 
failure of spillway. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Structure life will be shortened;  premature 
failure. 

RECOMMENDED ACTIONS 
 

Large cracks. without large displacement 
should be repaired by patching. 
Smrounding areas should be cleaned or cut 
out before patching material is applied. (See 
Chapter 7.) Installation of weep holes or 
other actions may .be needed. 

 
 
 
 
 
 
 
 
 
 
 

Construction joint should be no wider than 
.l f 2 inch. All joints should be sealed with 
asphalt or other llext"ble materials. Water 
stops should be used where feasible. Clean 
the joint, replace eroded materials, and seal 
the joint  Foundations should be properly 
drained and prepared. Underside of chute 
slabs should have nos of enough depth to 
prevent sliding. Avoid steep chute slope. 
ENGINEER REQUIRED 

 
 
 
 
 
 
 

Design a stable slope forchannel bottom and 
banks. Riprap material should be  well graded 
(the material should contain small, medium, 
and large particles). Sub-grade should be 
properly prepared before place ment of 
riprap. Install filter fabric if necessary. 
Control flow velocity in the spillway by proper 
design. Riprap should be placed  according to 
specification.  Services 
of an engineer are _recommended.. 
ENGINEER REQUIRED 

 
 
 
 
 
 
 

Avoid using shale or sandstone for riprap. 
Add air-entraining agent when. mixing con 
crete. Use only clean good quality aggregates 
in the concrete. Steel bars should have at least 
l inch of concrete cover. Concrete should be 
kept wet and protected from freez ing during 
curing. Timber should be treated before 
using. 
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PROBLEM PROBABLE  CAUS POSSIBLE CONSEQUENCES RECOMMENDED ACTIONS 

 

POOR SURFACE DRAINAGE 
 

 
 
 

CONCRETE EROSION, 
ABRASION, AND FRACTURING 

No weep holes; no drainage facility; plugged 
drains. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Flow velocity too high (usually occurs at 
lower end of chute in high dams); rolling of 
gravel and rocks down the chute; cavity 
behind or below concrete slab. 

Wet foundation has lower supporting capa 
city; uplift pressure resulting from seepage 
water may cause damage to spillway chute; 
accumulation of water may also increase 
total pressure on spillway walls and cause 
damage. 

 
 
 
 
 
 
 
 
 
 
 

Pock marks and spaJJing of concrete surface 
:inay progressively become worse; small hole 
may cause undermining of foundation, lead 
ing to failure of structure. 

Install weep holes on spillway walls. Jnner 
end of hole should be surrounded and packed 
with graded filtering material. Install •!rain 
system  under  spillway  near  doWnst...am 
end. Clean out existing weep holes. Back 
flush and rehabilitate drain system under the 
supervision of an engineer. 
ENGINEER REQUIRED 

 
 
 
 
 
 
 
 
 

Remove rocks and gravels from spillway 
chute before flood season. Raise watar iovel 
in stilling basin. Use good quality concrete. 
Assure concrete surface is smooth. 
ENGINEER  REQUIRED 

 
 
 
 
 
 
 

\ 
LEAKAGE  IN OR AROUND 
SPILLWAY 

 
 

 
 
 
 

TOO MUCH  LEAKAGE  FROM 
SPILLWAY  UNDER  DRAINS 

 
 
 
 
 
 
 

I. CraCks andjoints in geologic formation at 
spillway are permitting seepage. 
2. Gravel or sand layers at spillway are per 

. milting seepage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Drain or cutoff may have failed. 

 
 
 
 
 

HAZARDOUS 
1. Could lead to excessive Joss of stored 
water. 
2. Could lead to a progressive failure if 
velocities are high enough to cause erosion 
of natural materials. 

 
 
 
 
 
 
 
 
 
 
 
 

HAZARDOUS 
I. Excessive flows under the spillway could 
lead to erosion of foundation material and 
collapse of parts of the spillway. 
2. Uncontrolled flows could lead to Joss of 
stored water. 

 
 
 
 
 
 

l. Examine exit area to see if type of 
material can explain leakage. 
2. Measure flow quantity and check for ero 
sion of natural materials. 
3. Ifflow rate or amount of eroded materials 
increases rapidly, reservoir level should be 
lowered until flow stabilizes or stops. 
4. A qualified engineer should inspect. the 
condition and recommend further actions to 
be taken. 
ENGINEER  REQUIRED 

 
 
 
 
 
 
 
 

Same as above. 

.. 
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46 PROBLEM 
 
PROBABLE CAUSE POSSIBLE CONSEQUENCES RECOMMENDED ACTIONS 

 

SEEPAGE FROM A 
CONSTRUCTION JOINT OR 
CRACK IN CONCRETE 
STRUCTURE 

 

 
 
 
 

Figures 5.6 
lnspecHOn Guidelines • 
Inlets, Outlets and Drains 
OUTLET PIPE DAMAGE 

CRA:CK;z;:) 

Water is collecting behind structure because 
of iiisufficient drainage or clogged weep 
holes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Settlement; iinpact 

I.Can cause walls to tip in and over. Flows 
through concrete can l•-ad to rapid deteriora 
tion from weathering. 
2. If the spillway is located within the 
embankment, rapid erosion can lead to 
failure of the dam. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Excessive seepage, posSible internal erosion. 

I. Check  area behind wall  for puddling  of 
surface water. 
2. Check and clean as needed; drain outfalls, 
flush lines, and weep holes. 
3. If condition persists a qualified engineer 
should inspect the condition and recommend 
further actions to be taken. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Check for evidence of water either entering 
or exiting pipe at crack/hole/etc. 

HOcLE ;z ;J 
 

Rust (steel pipe) 
 

HAZARDOUS Tap pipe in vicinity of damaged area, listen 

JOINT OFFSET Settlement or poor construction practice. HAZARDOUS 
Provides passageway  for water to exit or 
enter pipe, resulting in erosion of internal 
materials of the dam. 

 
Ifa progressive failure is suspected, request 
engineering advice. 

 
 
 

CONTROL  WORKS I. BROKEN SUPPORT BLoCK 
Concrete  deterioration.   Excessive  force 

 
Causes control support: block to tilt: control 
stem may bind. Control head works may set 

 
Any of these conditions can mean the con 
trol is either inoperable  or at best partly 

 
 
 

/ // /, 
/, 

BROKEN 1 

SUPPORT 
BLOCK 

/ ////, 
 
 
 

BF.NT/BROK EN' 
CONTROi. STEM 

exerted on control stem by trying to open 
gate when it was jammed. 

 
 

2. BENT/BROKEN  CONTROL  STEM 
Rust. Excess force used to open or close 
gate. Inadequate or broken stem guides. 

tle. Gate may not open all the way. Support 
block  may  fail  completely,  leaving  outlet 
inoperable. 

 
HAZARDOUS 
Outlet is inoperable. 

operable.  Use  of  the  system  should  be 
minimized or discontinued Ifthe outlet sys 
tem has a second control valve, consider 
iising it to regulate releases until repairs can · 
be made. Engineering help is recommended 

 
 

/ /' 
 
 
BROK EN/MISSING 

3. BROKEN/MISSING STEM 
GUIDES 

Loss of support for control stem. Stem may 
buckle and break under even normal use, (as 

/ STEM GUDES·' 
,,; / 

v 
', ;%   

.. 

Erosion (concrete  pipe) Excessive seepage, possible internal ing for hollow sound which shows a void has 
Cavitation eroon.    formed along the outside of the conduit 

 



Rust Inadequate lubrication. 
Excess force used to open or 
close gate when it was 
jammed 

in this  example). 

 
 

 

 

 



47 PROBLEM PROBABLE CAUSE POSSIBLE CONSEQUENCES 
RECOMMENDED ACTIONS 

 

FAILURE OF CONCRETE 
OUTFALL STRUCTURE 

 

 
 
 

OUTLET RELEASES ERODING 
TOE OF DAM 

Excessive side pressures on nonreinforce 
concrete structure.. Poor concrete quality.. 

 
 
 
 
 
 
 
 
 
 
 
 

Outlet pipe too short. Lack or energy 
dissipating pool or structure at downstream 
end of conduit. 

HAZARDOUS 
Loss of outfall structure exposes embank 
ment to erosion by outlet releases.. 

 
 
 
 
 
 
 
 
 
 
 

HAZARDOUS 
Erosion  of toe  oversteepens  downstream 
slope, causing progressive sloughing. 

L Check for progressive failure by monitor 
ing typical dimension, such as "D" shown 
in figure. 
2.. Repair by patching cracks and suwlying 
drainage around concrete structure.. Total 
replacement of outfall structure may be 
needed.. 

 
 
 
 
 
 
 

L Extend pipe beyond toe (use a pipe of 
same size and material, and form watertight 
connection to existing conduit). 
2. Protect embankment withriprap over suit 
able bedding. 

 
 
 
 
 

VALVE LEAKAGE 

DEBRIS STUCK UNDER GATE Jrashrack missing or damaged. Gate will not close.. Gate or stem may be 
damaged in effort to close gate.. 

 
 

Raise and lower gate slowly until debris is 
loosened and floats past valve.. When reser 
voir is lowered, repair or replace trashrack 

 
 
 
 

CRACKED GATE LEAF Ice action, rust, affect vil>ration, or stress 
resulting from forcing gate closed when  it is 
jammed. 

Gate-leaf' main fail completely, evacuating 
reservoir.. 

Use valve only in fully open or closed posi 
tion. Minimize use of valve until leaf can be 
repair or replaced. 

 
 
 
 

DAMAGE GATE SEAT 
OR  GUIDES 

 

 
 

SEEPAGE WATER EXIIING 
FROM A POINT ADJACENT 
TO THE OUTLET 

 
Rust,  erosion,  cavitation,  vibration,  or 
wear. 

 
 
 
 
 
 
 
 

L A break in the outlet pipe. 
2.. A path for flow has developed along the 
outside  of the outlet pipe 

 
Leakage and loss of support for gate leaf.. 
Gate may bind in guides and become 
inoperable.. 

 
 
 
 
 
 

HAZARDOUS 
Continued flows can lead to raid erosion of 
embankment materials  and failure  of the 
dam. 

 
Minimize use of valve until guides/seat• can 
be repaired.. Ifcavitation is the cause, check 
to see if air vent pipe exist, and is 
unobstructed 

 
 
 
 
 

L Thoroughly investigate the area by prob 
ing and/or shovelling to see if the cause can 
be determined 
2.. Determine ifleakage wateris carrying soil 
particles. 
3.. Determine quantity of flow.. 
4. If flow increases, or is carrying embank- 
ment materials, reservoir level should be 
lowered until leakage stops. 
5.. A qualified engineer should inspect the 
condition and recommend further actioiJS to 
be taken. 
ENGINEER REQUIRED 
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Table 6 1 Usts .features to be observed at a 
dam and the suggested instruments or obser 
vation technique to be used The specific sec 
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CHAPTER 6 
INSTRUMENTATION AND MONITORING 
GUIDELINES 

 

6.1 GENERAL 
"Instrumentation of a dam furnishes 
data to determine if the completed 
structure is functioning as intended 
and  to  provide  a  continuing  sur 

Involvement of qualified personae! in 
the design, installation, monitoring, 
and evaluation of an instrumentation 
system is of prime importance to the 
success of the progr am.. 

veillance of the structure to warn of    
any developments which endanger its 
safety" (ICOLD, 1969} 
Ihe means and methods available to 
monitor phenomena that can lead to 
dam failure include a wide spectrum 
of instruments and procedures rang 
ing from very simple to very com 
plex. Any program of dam safety 
instrumentation must be properly 
designed and consistent with other 
project components, must be based 
on prevailing geotechnical conditions 
at the dam, and must include con 
sideration of the hydrologic and 
hydraulic factors present both before 
and after the project is in operation 
Instruments designed for monitoring 
potential deficiencies at existing 
dams must take into account the 
threat to life and property that the 
dam presents .. Thus, the extent and 
nature of the instrumentation depends 
not only on the complexity of the 
dam and the size of the reservoir, but 
also on the potential for loss of life 
and property downstream of the 
dam. 
An instrumentation program should 
involve instruments and evaluation 
methods that are as simple and 
straightforward as the project will 
allow.. Beyond that, the dam owner 
should make a definite commitment 
to an ongoing monitoring program or 
the installation of instruments prob 
ably will be wasted. 
Ihis chapter discusses deficiencies in 
dams that may be discovered and the 
types of instruments that may be 
used to monitor those deficiencies. 
Table 6J describes deficiencies, 
their causes and generic means for 
detecting them Increased knowledge 
of these deficiencies acquired through 
a monitoring program is useful in 
determining both the cause  of the 
deficiency and the necessary remedy 

6.2 REASONS FOR 
INSTRUMENTATION 
Instrumentation and proper monitor 
ing and evaluation are extremely 
valuable in determining the perfor 
mance of a dam.. Specific reasons for 
instrumentation include: 
• Warning of a Problem  - Often, 

instruments can detect unusual 
changes, such as water fluc 
tuations in pressure that are not 
visible. In other cases, gradual 
progressive changes in say seep 
age flow, which would go unnoticed 
visually, can be monitored regu 
larly This monitoring can warn of 
the development of a serious 
seepage problem 

• Anal yzing and Defining a Prob 
lem - Instrumentation data is 
frequently used to provide en 
gineering information necessary 
for analyzing and defining the 
extent of a problem. For example, 
downstr·eam movement of a dam 
because of high reservoir water 
pressure must be analyzed to 
determine if the movement is 
uniformly distributed along the 
dam, whether the movement is in 
the dam, the foundation, or both, 
and whether the movement is con 
tinuing at a constant, increasing or 
decreasing rate Such information 
can then be used to design correc 
tive measures 

• Proving Beha vior Is as Expected 
- Instruments  installed at a dam 
may infrequently (or even never) 
show any  anomaly  or problem 
However, even this information is 
valuable because it shows that the 
dam is performing  as designed 
and provides peace of mind to an 
owner  Also, although a problem 
may appear to be happening or 
imminent, instrument readings 
might  show that the  deficiency 
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(say increased seepage) is normal 
(merely a result of higher than 
normal reservoir level) and was 
foreseen in the dam's design 

• Evaluating Remedial Action Per 
formance - Many dams, pare 
ticularly older dams, are modified 
to allow for increased capacity or 
to correct a deficiency.. Instru 
ment readings before and after the 
change allow analysis and evalua 
tion of the performance of the 
modification. 

 
6.2 INSTRUMENT TYPES AND 
USAGE 
A wide variety of devices and pro 
cedw·es are used to monitor darns. 
The foatures of dams and dam sites 
most often monitored by instru 
ments include: 
• Movements: (horizontal,  verti 

cal, rotational and lateral) 
• Pore pressure  and uplift pres- 

sur'es 
• Water level and flow 
• Seepage flow 
• Water quality 
• J'emperature 
• Crack and joint  size 
• Seismic activity 
• Weather and precipitation 
• Stress and strain 
A listing of manufactwers and sup 
pliers for the various instrumentation 
devices is provided in a report by 
Dunniclilf ( 1981}. Details of the 
installation, operation, and main 
tenance of each device are described 
in U.S.. Bweau of Reclamation 
(1986).. 

 

action, expansion resulting from tem 
peratw·e change, and heave resulting 
from hydrostatic uplift pressures. 
They can be categorized by direc 
tion: 
• Horizontal Movement - Horizon 

tal or translational movement 
commonly happens in an upstream- 
downstream · direction in both 
embankment and concrete dams. 
It involves, the movement of an 
entire  dam mass  relative  to  its 

 
 
 
 
 
 
 

CONVEX IO PREVENI 
WAIER PONDING ON 
CONCRETE !"REBAR 

 
 
 
 
 
 
 
Figure 6.1a - Installation of Permanent Points 

 
 
 
 
 

) ::::-- R , ,t¥. 
 

  

AXIS OF DAM     
=-- . .._,, SIA IION 

6..2.1 Visual observations - As dis 
cussed in Chapter 5, visual obserc 
vations by the dam owner or the 
owner's representative may be the 
most important and effective means 
of monitoring the performance of a 
dam.. The visual inspections should 
be made whenever the inspector 
visits the dam site and should consist 
of a minimum of walking along the 
dam alignment and looking for any 
signs of distr·ess or unusual con 
ditions at the dam.. 
6.2.2 Movements - Movements 
occur in every dam.. Ibey are caused 

\ .r-=----=--=--=--=--=-_J. I 
 

Ol I I ET WOR KS 

by stresses induced by reservoir 
water presswe, unstable slopes (low 
shearing strength), low foundation 
shearing strength, settlement (com 

pressibility of foundation and dam materials),   thrust  due  to  arching 
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Figure 6.1b - Plan of Alignment 
System 
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abutments or foundation. In an 
embankment dam, instruments 
commonly used for monitoring 
such movement include: 
• Extensometers 
• Multi-point extensometers 
• Inclinometers 
• Embankment measuring 

points 
• Shear strips 
• Structural·measuring points 

Installation of   simple   measuring 
points is illustrated in Figure 6..1, a 

 
 

,, 
< 
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and b, a simple crack monitoring sys 
tem is shown in Figure 6.2, and 
inclinometer systems and plots are 
shown in Figure 63a-c.. 
For a concrete dam, instruments for 
monitoring horizontal movements 
may include: 

Q 
 

lZ -'- -L-+ .....;i, 
VERTICAL . 
DISPLACEMEN I 
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,, 
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• Crack measuring devices 
• Extensometers 
• Multi-point extensometers 
• Inclinometers 

" b 
::   (Subsequent) 

" 
Figure 6.2 MonHorlng Cracks on Embankment 

 
 

Inclinometer Systems and Plots are Shown In Figure 6.3a-c. 
A - DIRECIION / 

• Structural measuring points 
• ape gauges 
• Strain meters 
• Plumb lines 
• Foundation  deformation gauges 

 

B - DIRECIION 

' 0 ' 
!SI READING ' 5 

I 
I 

IO ' 
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• ·ISI READING ZND READING 

I' .... ' ' 
15 ""'' ' 

Figure 6.3a - Inclinometer- Detail at surface 2ND READING 
/ "" ' 
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Figure 6.3b - Plot of Inclinometer Readings 
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Figure 6.3c Inclinometer and casing 
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Examples of monitoring of concrete 
structure movements are shown in 
Figure 6..4.. 
• Vertical Movement - Vertical 

movement is commonly aresult of 
consolidation of embankment or 
foundation materials resulting in 
settlement of the dam.. Another 
cause is heave (particularly at the 
toe of a dam) caused by hydro 
static uplift pressures.. 
In an embankment dam, vertical 

 
 

Figure 6.4 - Measuring Displacements 

 
 
movements  may  be  monitored 
by: 
• Settlement plates/ sensors 
• Extensometers 
• Piezometers 
• Vertical  internal  movement 

devices 
• Embankment measuring 

points 
• Structural measuring points 
• Inclinometer casing mea· 

surements 

 

In a concrete dam, vertical move 
ment monitoring devices may 
include: 
• Settlement sensors 
• Extensometers 
• Piezometer·s 
• Structural measuring points 
• Foundation deformation 

gauges 
• Rotational Movement - Rota 

tional movement is commonly a 
result of high reservoir water pres 
sure in combination with low 
shearing strength in an embank 
ment or foundation and may occur 
in either component of a dam. 

 
SIRAIGHI EDGE STEEL JAPE 

if 
This kind of movement may be 
measured in either  embankment or 
concrete <;lams by instruments 

--.-..,-.· -. ·. _ r;: 
.·:·_.; 

..... 
_::;:::;:::l v!E;R IICAL DISPLACEMEN I 
·.·. ·:   - · such as: 

• Extensometers 
SIDE OF ·.•, 
CONCREIE · 
SPILLWAY 
WALl 

(a) SIRAIGHI EDGE AND IAPE 
 LOOK FOR CHANGES 

HERE • I 
SIEEL IAPE -;! -1 f 

 

(b) SIRAIGHI EDGE AND IAPE 
Pl us REFERENCE POIN rs 

 
SIRING OR IWINE 

WALL 5 

• Inclinometers 
• Tiltrneters 
• Surface measw·ement points 
• Crack measurement devices 
• Piezometers 
• Foundation deformation 

gauges 
• Plumblines (concrete only) 

• Lateral Movement - Lateral 
movement (parallel with the crest 
of a dam) is common in concrete 
arch and gravity dams.. The struc 
ture of an arch dam causes reser" 
voir water pressure to be translated 
into a horizontal thrust against 
each abutment. Gravity  dams 
also exhibit some lateral move 
ment because of expansion and 
contraction due to temperatw·e 
changes.. These movements may 
be detected by: 

Pl UMB BOB OR WEIGHI 
 
 
 

LOOK FOR CHANGES HERE 

• Structural 
points 

• Tiltrneters 
• Extensometers 

measurement 

(c) Pl UMB BOB 
 
 
 

SIRUCIURAl 
CRACK 7. 

 
LOOK FOR CRACKING 
THROUGH PATCH 

 
 
 
 
 
 

(d) MOR IAR MARKER 

• Crack measurement devices 
• Plumblines 
• Strainmeters 
• Stressmeters 
• Inclinometers 
• Jointrneters 
• Thermometers 
• Load cells 

 

6.2.3 Pore pressure and uplift pres 
sure: As discussed in Chapter 2, a 
certain amount of water seeps through, 
under, and around the ends of all 
dams The water moves through 
pores in the soil, rock, or concrete as 
well as through cracks, joints, etc.. 



The pressure of the water as it moves 



 

acts uniformly in all planes and is 
termed pore pressure,, The upward 
force (called uplift pressw,e) has the 
effect of reducing the effective weight 
of the downstream portion of a dam 
and can materially reduce dam 
stability,, Pore pressw,e in an em 
bankment dam, a dam foundation or 
abutment, reduces that component's 
shearing strength Inaddition, excess 
water, ifnot effectively channeled by 
chains or filters, can result in pro 
gressive internal erosion (piping) and 
failure,, Pore pressw,es can be mon 
itored with the following equipment 
• Piezometer s 

electrical 
open well 
pneumatic 
hychaulic 
porous  tube 
slotted pipe 

• Pressure meters & gauges 
• Load cells 
Simple piezometers may be as illus 
tr ated in Figure 6 .5 , while a basic 
observation well is shown in Figure 
6,,6, 

 
 

6.2.4 Water Level al)d Flow - For 
most darns, it is important to monitor 
the water level in the rese1voir and 
the downstream pool regularly to 
dete1mine the quantity of water in the 
reservoir and its level relative to the 
regular outlet works and the emer" 
gency spillway,. The water level is 
also used to compute water pressure 
and pore pressure; the volume of 
seepage is usually directly related to 
the reservoir level It is also impor" 
tant to establish the normal or typical 
flow through the outlet works for 
legal purposes 
Water levels may be measured by 
simple elevation gauges - either staff 
gauges or numbers painted on perma 
nent, fixed structures in the reservoir 
- or by complex water level seusing 
devices.. Flow quantities are often 
computed from a knowledge of the 
dimensions of the outlet works and 
the depth of flow in the outlet channel 
or pipe 

55 

6,,2,5 Seepage flow - Seepage must 
be monitored on a regular basis to 
determine if it is increasing, decreas 
ing, or remaining constant as the 
reservoir level fluctuates, A flow rate 
changing relative to a reservoir water 
level can be an  indication of a clogged 
chain, piping, or internal cracking of 
the embankment. Seepage may be 
measw,ed using the following devices 
and methods: 
• Weirs (any shape such as V 

notch, rectangular, trapezoida 
etc,) 

• Flumes  (such  as  a  Par·shall 
flume) 

• Pipe methods 
• Timed·bucket methods 
• Flow meters 
Examples of weirs, flumes, and buck 
et measuring installations are illus 
trated in Figures 6. 7, 6,.8, and 6,.9,, 
6.2.,6 Water quality - Seepage comes 
into contact with various minerals 
in the soil and rock in and around the 
darn This can cause two problems: the 
chemical dissolution of a natural rock 
such as limestone, or the internal 
erosion of  soil 

 
 
 

POROUS  STONE SENSING UNIT 

{ili i;.}.( ( r) ,ed) 

 
Water enters here; prCssure is exerted on a 
diaphragm at the end of the sensing unit 

 
 

IO PORE PRESSURE IERMINAl 
 
 
 
 
 
 

3" MINIMUM 
DIAMETER 
BORING 

 
 
 
 

PNEUMA IJC --. 
TRANSDUCER 

 
POROUS ----U 
FILTER 

 
INS IALLA JION  DE IAII 

( TYPICAL) 
 
Figure 6.5 - Porous Stone Plezometer 

 
Figure 6.6 - Typical Observation Well Installation 
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DEPTH INDICATOR 
 
 
 
 
 
 
 

11 

 

Dissolution of minerals can often be 
detected by comparing chemical 
analyses of reservoir water and 
seepage water., Such tests are site 
specific; for example, in a limestone 
area, one would look for calcium and 
carbonates, in a gypsum area, cal 
cium and sulfates  Other tests, such 
as ph can also sometimes provide 
useful   information   on   chemical 

11 - 
ALIERNA IIVE DEPTH 
INDICA TOR (PLACE 
ON  UPSIREAM  FACE 
)F BULKHEAD) 

R-O"CK PROTECIION 
-AGAINST EROSION 

' 

dissolution. 
Internal erosion can be detected by 
comparing turbidity of reservoir 
water with that of seepage water A 
large increase in turbidity indicates 
erosion. 

WA IER SURF ACE MEI Al  SIRIP 
 

 HEIGH I OF WA TEP L----------- 
ABOV E CREST 

9a" V··NOICH WEIR 

• 
W U ER SURFACE MEIAl   SfRIP 

;;> 
 
 

BUL KHEAD 

6.2..7 Iemper ature - The internal 
temperature of concrete dams is 
commonly measured both during and 
after construction During construc 
tion, the heat of hydration of freshly 
placed concrete can create high 
stresses which could result in later 
cracking. After construction is com 
pleted and a dam is in operation, it is 
not uncommon for very significant 
temperature differentials to exist 
depending on the season of the year . 
For example, during the winter, the 
upstream face of a darn remains 
relatively warm because of reservoir 
water temperature, while the down 
stream face of the darn is reduced to a 
cold ambient air temperature..  The 

HEIGHI OF WA IER 
ABOVE CREST 

SEC. A-A 
 

REC IANGUlAR  WEIR 
b 

reverse is true in the summer.. Iem 
perature measurements ar·e impor 
tant both to dete1mine causes of 
movement due to expansion or con 

Figure 6.7 - standard Weirs 
 
 
 

PARSHALL Fl UME 
(Installation and flow measurement 

according to manufacturer's instructions) 
Parshall flume 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 _ ,,. 

traction and to compute actual move 
ment. Temperature measurements 
can be made by using any of several 
different kinds of embedded ther 
mometers or by making simultaneous 
temperature readings on devices such 
as str·ess and strain meters which pro 
vide means for indirectly measuring 
temperatur·e of the mass.. 
6..2..8 Crack and joint size - A 
knowledge of the locations and 
widths of cracks and joints in con 
crete darns and in concrete spillways 

I  134 
3 " 41 16 HVJ 16 

IHROAI WIDIH 
 
 
 
 
 

DEPTH OF Fl UME 

and other concrete appurtenances of 
embankment darns is important 
because of the potential for seepage 
through those openings.. Even more, 
it is important to know if the width of 
such openings is increasing or de 
creasing.. Various crack and joint 
measuring devices are available, and 
most allow very accurate measure 
ment Some use simple tape or dial 
gauges, while others use complex 
electronics to gain measurements. 

 

  

BU K HEAD 

( BULKHEAD 

 Throat  Shipping  Intake Overall 
Rated Capacity Width Depth Weight  Width Length 
cfs. gpm (in ) (in.) (lbs. ) Gag< (in.) (ft -in.) 
082 32 I 6 13 16 619/31 2' - I' 
469 2!0 2 IO 25 16 g11/n 2'··6Y,;'' 
64 287 3 12 55 12 103/ 16 3'' - er 

         
509 

  



Figure 6.8 Parshall Flume 
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Figure 6.9 Bucket and Stopwatch Method 
 
 
 

6..2..9   Seismic   activity  -  Seismic 
measuring  devices record  the  inten 
sity and duration of large-scale earth 
movements    such   as   earthquakes 
Many  federal  and  state  dams  use 
these instruments  because  they  ar·e 
part of the U.S.. Geological Survey's 
netwo1k of seismic recording stations. 
Itmay or may not be necessary for a 
private  dam  to contain  any  seismic 
devices depending upon whethet it is 
in an area of significant seismic risk. 
Seismic instruments can also be used 
to  monitor   any  blasting  conducted 
near  a dam site. 
6,,2.J 0 Weather and precipitation - 
Monitoring the weather at a dam site 
can  provide  valuable  information 
about both day-to-day performance 
and  developing problems..  A  rain 
gauge, thermometer, and wind gauge 
can be easily purchased,  installed 
maintained and  monitored at 
dam site.. 
6..2.11 Stress and strain - Measure 
ments to dete1mine stress and/or 
strain are common in concrete darns 
and to a lesser extent, in embank 
ment dams. 'The monitoring devices 
previously listed for measuring dam 
movements, crack and joint size and 
temperature are also appropriate for 
measuring stress and strain.. Monitor 
ing for stress and str·ain petmits very 
early detection of movement 

6.3 FREQUENCY OF 
MONITORING 
Ihe frequency of instrument readings 
or making obse1vations at a dam 
depends on several factors including: 
• Relative hazard to life and prop 

erty that the dam represents 
• Height or size of the dam 
• Relative  quantity  of  water  im 

pounded  by the dam 
• Relative   seismic  risk   at  the 

site 
• Age of the dam 
• Frequency and amount of water 

level fluctuation in the reservoir 
In general, as each of the above fac 

tors increases, the frequency of mon 
itoring should increase. For example, 
very frequent (even daily) readings 
should be taken during the first filling 
of  a reservoir,  and more  frequent 
readings should be taken during high 
water  levels  and  after  significant 
storms and earthquakes  As a rule of 
thumb,  simple visual  observations 
should be made during each visit to 
the dam and not less than monthly 
Daily or weekly readings should be 
made  during  the  first  filling,  im 
mediate  readings  should  be  taken 
following a storm or earthquake and 
significant seepage, movement,' and 
stress-strain  readings  should prob 
ably be made at least monthly 

1! il /J I/I 

 
 

 

 
 

 
 

 



 
Table Z I lists items to be maintained at a 
dam and the maintenance tasks to be per 
formed. The specific sections where the main 
tenance tasks are discussed are also noted 

TABLE 7.1 59 
MAINTENANCE GUIDELINES 

DIRECTORY 
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REQUIRED ...: < 
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FEATURE 
EMBANKMENT DAM 
Upstream Slope 
Downstream Slope 
Left/Right  Abutments 
Crest 
Internal Drainage Sys 
Relief Drains 
Riprap & Slope 
Protection 

 
CONCRETE DAMS 
Upstream Slope 
Downstream Slope 
Left/Right Abutments 
Crest 
Internal Drain  System 
Relief Drains 
Galleries 

Sluiceways/Controls 
 

SPILLWAYS 
Approach Channel 
InJet/outlet  structure 
Stilling Basin 
Discharge conduit/ 
Channel 
Control Features 
Erosion Protection 
Side Slopes 

 
OUTLETS & DRAINS 
InJet/outlet  structure 
Stilling Basin 
Discharge Channel 
Irashrack/Debris Control 

Emergency  Systems 
 

GENERAL AREAS 
Reservoir Surface 
Mech/ elect systems 
Shoreline 
Upstream Watershed 
Downstream Channel 
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CHAPTER 7 
MAINTENANCE  GUIDELINES 

 
 

7.0 GENERAL 
A good maintenance program will 
protect a dam against deterioration 
and prolong its life. A poorly main 
tained dam will deteriorate and can 
fail. Neally all the components of a 
dam and the materials used for dam 
construction are susceptible to dam 
aging deterioration if not properly 
maintained A good maintenance 
progr am provides not only protection 
for the owner, but for the . general 
public as well. Moreover, the cost of 
a proper maintenance program is 
small compared to the cost of major 
repairs, loss of life and property and 
resultant litigation 
A dam owner should develop a basic 
maintenance program based primarily 
on systematic and frequent inspec 
tions.. Inspections, as noted in Chap 
ter 5, should be done at least monthly 
and after major flood or earthquake 
events. During each inspection, a 
checklist of items calling for main 
tenance should be used 

 
 

 
7.1 MAINTENANCE 
PRIORITIES 
Maintenance is a task which should 
never be neglected. If it is, several 
areas ultimately will need attention - 
some of gr·eater concern than others. 
The following outline lists, by rela 
tive priority, the various problems or 
conditions that might be encountered 
in a deteriorated dam 
7..L I Immediate maintenance -The 
following conditions are critical and 
call for immediate attention: 
• A dam about to be overtopped or 

being overtopped 
• A dam about to be breached (by 

progressive erosion, slope failure, 
or other circumstances) 

• A dam showing signs of piping or 
internal erosion indicated by 
increasingly cloudy seepage or 
other symptoms 

• A spillway being blocked. or 
otherwise rendered inoperable, or 
having normal discharge re 
stricted 

• Evidence of exc.essive seepage 
appearing anywhere at the dam 
site (an embankment becoming 
saturated, seepage exiting on the 
downstr·eam face of a dam) 
increasing in volume.. 

Although the remedy for some criti 
cal problems may be obvious (such 
as clearing a blocked spillway), the 
problems listed above generally 
require the services of a Professional 
Engineer familiar with the construc 
tion and maintenance of darns. The 
emergency action plan (discussed in 
Chapter 8) should be activated When 
any of the above conditions are 
noted.. 
7..1.2 Required maintenance at 
earliest possible date - 1he follow 
ing maintenance should be com 
pleted as soon as possible after the 
defective condition is noted: 
• All underbrush and trees should 

be removed from the darn, and a 
good grass cover should be 
established 

• Eroded ar·eas and gullies on 
embankment darns should be re 
stored and reseeded 

• Defective spillways, gates, valves, 
and other appurtenant features of 
a darn should be repaired 

• Deteriorated concrete or metal 
components of a dam should be 
repaired as  soon as weather 
permits 

7.1.3 Continuing maintenance - 
Several tasks should be performed on 
a continuing basis: 
• Routine   mowing   and   general 

maintenance 
• Maintenance and f illing of any 

cracks and joints on concrete 
dams 

• Observation of any springs or 
ar·eas of seepage 

• Inspection of the dam (as dis· 
cussed in Chapter 5) 

• Monitoring of development in the 
watershed which would 
materially   increase    runoff from  
storms 
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• Monitoring of development 
downstream and updating the 
emergency notification plan to 
include new homes or other 
occupied structures within the 
ar·ea 

 
 

7.2 SPECIFIC MAINTENANCE 
ITEMS 
7..2..I Earthwork Maintenance and 

Repair  - Deterioration  of  the  sur 
faces of an earth dam may occur for 
several reasons.. For example, wave 
action  may  cut  into the  upstream 
slope, vehicles may cause ruts in the 
crest or slopes, or runoff waters may 
leave erosion gullies on the down 
stream  slope..  Other  special  prob 
lems,  such  as  shrinkage  cracks  or 
rodent  damage,  may  also  occur.. 
Damage  of  this  nature  must  be 
repaired on a continuing basis.. The 
maintenance  procedures  described 
below are effective in repairing minor 
earthwork problems.. However, this 
section is not intended to be a techni 
cal guide, and the methods discussed 
should not be used to solve serious 
problems..  Conditions such as em 
bankment slides, structural cracking, 
and sinkholes threaten the immediate 
safety of a dam and require immediate 
repair   under  the  direction  of  an 
engineer. 
The  material   selected  for  repairing 

embankments depends upon the pur 
pose   of  the  earthwork.   Generally, 
earth should be free from vegetation, 
organic  materials,   tr·ash,   or  large 
rock.  Most  of  the  earth  should  be 
fine-grained   soils   or   earth   clods 
which easily   break    down   when 
worked  with compaction  equipment 
The intent is to use a material which, 
when compacted, forms a firm, solid 
mass, free from excessive voids. 
If flow-resistant portions of an 
embankment ar·e being repaired, 
materials which are high in clay or 
silt content should be used.. If the 
area is to be free draining or highly 
permeable (i.e.., riprap bedding, etc. ) 
the material should have a higher 
percentage of sand and gravel As a 
general rule, it is usually satisfactory 
to replace or repair damaged areas 
with soils similar· to those originally 
in place.. 
An important soil property affecting 
compaction is moisture content Soils 
which are too dry or too wet do not 
compact well One may roughly test 
repair material by squeezing it 

 
 

into a tight ball.. If the sample main 
tains its shape without cracking and 
falling apart (which means it is too 
dry), and without depositing excess 
water onto the hand (which means it 
is too wet), the moistur·e content is 
probably  near  the proper  level. 
Before placement of earth, the repair 
area must be prepared by removing 
all inappropriate material.. Vegeta 
tion such as brush, roots, and tree 
stumps must be cleared and any large 
rocks or trash removed.. Also, unsuit 
able earth, such as organic or loose 
soils, should be removed, so that the 
work surface consists of exposed frrm 
clean embankment material 
Following clean-up, the affected area 
should be shaped and dressed, so that 
the new fill can be compacted and 
will properly tie into the existing fill. 
If possible, slopes should be trimmed, 
and surfaces roughened by scarifying 
or plowing to improve the bond be 
tween the new and existing fill and to 
provide a good base to compact 
against 
Soils should be placed in loose layers 
up. to 8 inches thick and compacted 
manually or mechanically to form a 
dense mass free from large rock or 
organic material.. Soil moistur·e must 
be maintained in the proper range. 
The fill should be watered and mixed 
to the proper wetness or scarified and 
allowed to dry if too wet. 
During backftlling, care should be 
taken that fill does not become too 
wet from rainstorm runoff. Runoff 
should be directed away from the 
work area and repair· ar·eas should be 
overfilled so that the fill maintains a 
crown which will shed water.. 
As mentioned  eariler, occasionally 

minor cracks will form in an earth 
dam   because   of   surface  drying. 
These ar·e called dessication (drying) 
cracks and should not be confused 
with structural or settlement cracks.. 
Drying cracks ar·e usually parallel to 
the main axis of the dam, typically 
near  the upstr·eam  or downstream 
shoulders of the crest These cracks 
often  run  intermittently  along  the 
length of the dam and may be up to 4 
feet deep.. Drying eracks can be dis 
tinguished from more serious struc 
tural cracks because the former are 
usually no wider than a few inches 
and have edges that are not offset 
vertically 
As  a precaution,  suspected drying 
cracks should initially be monitored 

 
 

with the same care used for structural 
cracks.. The problem area should be 
marked with survey stakes, and mon 
itoring pins should be installed on 
either side of the crack to allow 
recording of any changes in width or 
vertical offset. Once satisfied that 
observed cracking is the result of 
shrinkage or drying, an owner may 
stop monitoring. ' 
However, these cracks will close as 

climatic or soil moisture conditions 
change.. If they do not, it may be 
necessary to backftll the cracks to 
prevent entry of surface moisture 
which could result in saturation of the 
darn. The cracks may be simply filled 
with earth that is tamped in piace 
with hand or tools.. It is also recom 
mended that the crest of a darn be 
graded to direct runoff waters away 
from areas damaged by drying 
cracks.. 
As Chapter 5 suggests, erosion is one 
of the most common maintenance 
problems at embankment structures. 
Erosion is a natural process, and its 
continuous forces will eventually 
wear down almost any surface or 
structure. Periodic and timely main 
tenance is essential to prevent con 
tinuous deterioration and possible 
failure.. 
Sturdy  sod,  free  from  weeds  and 
brush, is an effective means of pre 
venting erosion. Embankment slopes 
are normally designed and construct 
ed so that surface drainage will be 
spread out in thin layers (sheet flow) 
on the grassy cover.. When embank 
ment sod is in poor condition or flows 
are concentrated at any location, the 
resulting erosion will leave rills and 
gullies in the embankment slope. An 
owner should look for such areas and 
be aware of the problems that may 
develop..   Eroded   areas  must   be 
promptly repair·ed to prevent more 
serious damage to the embankment 
Rills and gullies should be filled th 
suitable soil (the upper 4 inches 
should be top soil, if possible,) cc>m 
pacted, and then seeded. A local Soil 
Conservation Service Officer can be 
very helpful in selecting the types of 
grass to use for dam surface protec 
tion Erosion in large gullies can be 
slowed by stacking bales of hay or 
straw across the gully until perma 
nent repairs can be made.. 
Not only should eroded areas be 
repaired, but the cause of the erosion 
should be found to prevent a continu 
ing  maintenance  problem   Erosion 



 
 

might be caused or aggravated by 
improper drainage, settlement, ped 
estrian traffic, animal burrows, or 
other factors.. The cause of the ero 
sion will have a direct bearing on the 
type of repair needed 
Paths due to pedestrian or two-wheel 
and four-wheel vehicle traffic are a 
problem on many embankments.. If a 
path has become established, vegeta 
tion will not provide adequate protec 
tion and more durable cover will be 
required unless traffic is eliminated. 
Small stones, asphalt, or concrete 
may be used effectively to cover foot 
paths.. In addition, railroad ties or 
other tr·eated wood beams can be 
embedded into an embankment slope 
to form an inexpensive stairway.. 
Erosion is also common at the point 
where an embankment and the con 
crete walls of a spillway or other 
structure meet. Poor compaction 
adjacent to such a wall during con 
struction and subsequent settlement 
can result in an area along the wall 
lower than the grade of the embank 
ment. Runoff, therefore, often con 
centrates along these structures, 
resulting in erosion. People also fre 
quently walk along these walls, wear 
ing down the vegetal cover Possible 
solutions include regrading the area 
so that it slopes away from the wall, 
adding more resistant surface protec 
tion, or constructing wooden steps. 
Adequate erosion protection is also 
needed along the contact between the 
downstr·eam face of an embankment 
and the abutments.. Runoff from rain 
fall can concentrate in gutters con 
structed in these areas and can reach 
erosive velocities because of relatively 
steep slopes. Berms on the down 
stream face that collect surface water 
and empty into these gutters add to 
the runoff volume.. Sod-surfaced gut 
ters may not adequately prevent ero 
sion in these areas.. Paved concrete 
gutters may not be  desirable either 
because they do not slow the water 
and can be undermined by erosion. 
Also, small animals often construct 
burrows underneath these gutters 
adding to the erosion potential.. 
A well-graded mixture of rocks up to 
9 to 12 inches in diameter (or larger) 
placed on a layer of sand (filter) 
generally provides the best prote tion 
for these gutters on small darns. 
Riprap slushed with a thin concrete 
slurry has also been successful in 
preventing erosion on larger dams 
and should be used if large stone 
material is not available. 

 
 

As with erosion around spillways, 
erosion adjacent to gutters results 
from improper construction or a poor 
design in which the fmished gutter is 
too high with respect to adjacent 
ground This  condition  prevents much 
of the runoff water from enter ing the 
gutter. Instead, the flow con centrates 
along the side of the gutter, erodes and 
may eventually underc mine the 
gutter. 
Care should be taken when replacing 
failed gutters  or designing new gut 
ters  to  assure  that 
• The channel has adequate 

capacity 
• Adequate erosion protection and 

a satisfactmy filter have been 
provided 

• Surface runoff can easily enter the 
gutter 

• The outlet is adequately protected 
from erosion 

7.2.2 Riprap maintenance and 
repair - A serious erosion problem 
called "beaching" can develop on the 
upstream slope of a dam Waves 
caused by high winds or high-speed 
boats can erode the exposed face of 
an embankment by repeatedly strik 
ing the surface just above the pool 
elevation, rushing up the slope, then 
tumbling back into the pool. This 
action erodes material from the face 
of the embankment and displaces it 
down the slope, creating a "beach.." 
Erosion of unprotected soil can be 
rapid and, during a severe storm, 
could lead to complete failure of a 
dam.. 
The upstream face of a dam is com 
monly protected against wave ero 
sion and resultant beaching by 
placement on the face of a layer of 
rock riprap over a layer of filter 
material. Sometimes, materials such 
as steel, bituminous or concrete fac 
ing, bricks or concrete blocks are 
used for this upstream slope protec 
tion .. Protective beaches ar·e some 
times actually built into small dams 
by placing a berm (8 to 10 feet wide) 
along the upstream face a short dis 
tance below the normal pool level 
thereby providing a surface on which 
wave energy can dissipate. Generally, 
however, rock riprap provides the 
most economical and effective 
protection 
Nonetheless, beaching can occur in 
existing riprap if the embankment 
surface is not properly protected by a 
filter.. Water running down the slope 
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under the riprap can erode the 
embankment. Sections of riprap 
which have slumped downward are 
often signs of this kind of beaching.. 
Similarly, concrete facing used to 
protect slopes may fail because waves 
wash soil from beneath the slabs 
through joints and cracks. Detection 
of this problem is difficult because the 
voids are hidden and failure may be 
sudden and extensive. Effective slope 
protection must pre vent soil from 
being removed from the  embankment 
When erosion occurs and beaching 
develops on the upstream  slope of a 
darn, repairs should be·made as soon 
as possible.. 'The pool level should be 
lowered and the smface of the dam 
prepared for repair .. A small berm or 
"bench" should be built across the face 
of the darn at the base of the new layer 
of protection to help hold ·the layer in 
place. The size of the bench needed 
depends on the thickness of the 
protective  layer 
A riprap layer should extend a 
minimum of 3 feet below the lowest 
expected normal pool level Otherc 
wise, wave action during periods of 
low lake level will undermine and 
destroy the protection. 
If rock riprap is used, it should con 
sist of a heterogeneous mixture of 
irregular shaped stone placed over a 
sand and gravel filter. The  largest rock 
must be large enough in both size and 
weight to break up the energy of the 
maximum expected waves and hold 
smaller stones in place.. (An engineer 
may have to be consulted to 
determine size.) The smaller rocks 
help to fill the spaces between the 
larger pieces and to form a stable mass. 
The filter prevents soil particles on the 
embankment surface from being 
washed out through the spaces 
between the rocks in the rip rap.. 
Ifthe filter material itself can be 
washed out through these voids iind 
beaching develops, two layers  of 
filters may be required. The lower 
layer should be composed of sand or 
filter fabric to protect the soil smface 
and the upper layer should be com 
posed of coarser materials. 
A darn owner should expect some 
riprap deterioration because of 
weathering. Freezing and thawing, 
wetting and drying, abrasive wave 
action and other natural processes will 
eventually  break down the mate1ial. 
Therefore, sufficient main tenance 
funds should be allocated for the  
regular   replacement   of  riprap 
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The useful life of riprnp varies 
depending on the characteristics of 
the stone used, Thus, stone for riprap 
should be rock that is dense and well 
cemented When riprap breaks down, 
and erosion and beaching occur more 
often than once every three to five 
years, professional advice should be 
sought to design more effective 
slope protection, 

7.2.3 Vegetation maintenance- The 
entire dam should be kept clear of 
unwanted vegetation such as brush or 
trees Excessive growth may cause 
several problems: 
• It can obscure the surface of an 

embankment and prevent a thorc 
ough inspection of the dam 

• Large trees can be uprooted by 
high wind or erosion and leave 
large holes, that can lead to 
breaching of the dam 

• Some root systems can decay and 
rot, providing passageways for 
water, and thus causing erosion 

• Growing root systems can lift 
concrete slabs or structur·es 

• Weeds can prevent the growth of 
desirable  grasses 

• Rodent habitats can develop 
When brush is cut down, it should be 
removed from a dam to permit a clear 
view of the embankment Following 
removal of large brush or trees, the 
left over root systems should also be 
removed if possible and the resulting 
holes properly filled Incases where 
they cannot be removed, root sys 
tems can be treated with herbicide 
(properly applied) to retard further 
growth. After the removal of. brush, 
cuttings may need to be burned, If 
this is done, dam owners should 
notify the local fire department, 
forest service, or other agency re 
sponsible for fire controL 
If properly maintained, grass is not 
only an effective means of controlling 
erosion, it also enhances the appear 
ance of a dam and provides a surface 
that can be easily inspected, Grass 
roots and stems tend to trap fine sand 
and soil particles, forming an erosion 
resistant layer once  the plants are 
well established Gtass is least effec 
tive in ar·eas of concentrated runoff or 
in areas subjected to wave action 
7,2.4 Livestock control - Livestock 
should not be allowed to graze on an 
embankment surface, When soil is 
wet, they can damage vegetation and 
destroy the uniformity of the surface 

 

Moreover, livestock tend to walk in 
established paths and thus can pro 
mote severe erosion Such paths 
should be regraded and seeded, and 
the livestock should be permanently 
fenced out of the ar·ea. 
7..2.5 Rodent damage  control - 
Rodents, such as groundhogs (wood 
chucks), muskrats, and beavers are 
naturally attracted to the habitats 
created by dams and reservoirs and 
can, by their behavior, endanger the 
structural integrity and proper perforc 
mance of embankments and spillway&. 
Groundhog and muskrat burrows can 
weaken embankments  and can serve 
aspathways for seepage,. Beavers can 
plug a spillway and raise the pool 
level, Rodent control is essential to 
the preservation of a dam, 
The groundhog is the largest member 
of the squirrel family,. Its coarse fur is 
a typically grayish brown with a red 
dish cast Occupied groundhog bur" 
rows are easily recognized in the 
spring because of the groundhog's 
habit of keeping them "cleaned out" 
Fresh soil is generally found at the 
mouth of such active burrows. Half 
round mounds, paths leading from the 
den to nearby fields, and clawed or 
girdled tr·ees and shrubs also indicate 
inhabited burrows and dens, 
When burrowing into an embank 
ment, groundhogs stay above the 
phreatic surface (upper surface of 
seepage or saturation) to stay dry. 
Theburrow is rarely a single tunnel It 
is usually forked, with more than one 
entrance and with several side pas 
sages or rooms from l to 12 feet in 
length 
Controls should be implemented durc 
ing early spring when active burrows 
ar·e easy to find, young groundhogs 
have not yet  scattered, and there is 
less likelihood of damage to other 
wildlife. Insummer, fall, and winter, 
game animals may scurry into ground 
hog burrows for brief protection and 
may even take up permanent residence 
during the period of groundhog 
hibernation 
Groundhogs can be controlled with 
fumigants or firearms. Fumigation is 
the most practical method although 
around buildings or high fire hazard 
areas, shooting may be preferable .. 
Gas cartridges for fumigation may be 
purchased at local farm exchanges, 
farm supply centers, and many county 
extension offices,, 

 

Groundhogs will be discouraged from 
inhabiting an embankment ifthe grass 
cover is kept mowed.. 
The muskrat is a stocky rodent with a 
broad head, short legs, small  eyes, and 
rich dark brown fur .. Muskrats are 
chiefly nocturnal and can be found 
wherever there are marshes, swamps, 
ponds, lakes, and str·eams having 
calm or  very slowly moving water 
with vegetation inthe water and along 
the banks. 
Barriers, such as properly construct 
ed riprap and filter layers, provide the 
most practical protection from musk 
rats by preventing burrowing, As a 
muskrat tries to construct a burrow, 
the sand and gravelofa filter layer will 
cave in and discourage den building. 
Filter layers and riprap should extend 
at least 3 feetbelow water line, Heavy 
wir·e fencing laid flat against a slope 
and extending above and below the 
waterline can also be effective. Elimi 
nating or reducing aquatic vegetation 
along a shoreline will also discourage 
muskrat habitation, Trapping with 
steeltr aps is normally the mostpracti 
cal method of removing muskrats that 
have already inhabited a pond, 
The easily recognized beaver, if in 
habiting an area around adam, will try 
to plug the spillway with their cut 
tings, Routinely removing the cuttings 
can alleviate the problem or an elec 
trically charged wire or wires can be 
placed around the spillway inlet. 
Beaver may be trapped during the 
proper season and sometimes a local 
furtrapper will perform the work at lit 
tle or no expense to the owner.. 
Methods of repairing rodent damage 
depend upon the nature of the damage, 
but in any case, extermination of the 
rodent population is the required first 
step. Ifthe damage consists mostly of 
shallow holes scattered across an 
embankment, repair may be necessary 
to maintain the appearance of the 
dam, to keep runoff waters from infil 
trating the dam, or to discourage 
rodents from subsequently  returning 
to the embankment In these cases, 
tamping of earth into the rodent hole 
should be sufficient repair,. Soil should 
be placed as deeply as possible and 
compacted with a pole or shovel 
handle 
Large burrows on an embankment 
should be filled by mud-packing. This 
simple, inexpensive method involves 
placing one or two lengths of metal 
stove or vent pipe vertically over the 
entr·ance of the den with a tight seal 



 
 

between the pipe and den  A mud 
pack mixture is then poured into the 
pipe until the burrow and pipe are 
filled with the earth-water mixture. 
The pipe is removed and additional 
dry earth is tamped into the entrance.. 
The mud-pack mixture is made by 
adding water to a 90 percent earth and 
IO percent cement mixture until a 
slurry of thin cement is attained.. All 
entrances should be plugged with 
well-compacted earth and vegetation 
re-established Dens should be elim 
inated promptly because one burrow 
can lead to failure of a dam.. 
Different repair measur·es are neces 
sary if a dam has been damaged by 
extensive smallrodent tunneling or by 
beaver or muskrat activity In these 
cases, lt may be necessary to excavate 
the damaged ar·ea down to competent 
soil and repair as described in Sec 
tion 7. 2.J 
Occasionally,   rodent   activity   will 

result   in   passages   which   extend 
through the embankment that could 
result in leakage of reservoir  water, 
piping,  and,  ultimately,  failure..  In 
these  cases, the downstream  end of 
the  tunnel  should  not  be  plugged 
since this will add to the saturation of 
the   dam  Tunnels   of   rodents   or 
ground  squirrels  will  normally  be 
above   the   phreatic   surface   with 
primary entrance on the downstream 
side of the dam, while those of beaver 
and muskrat normally exist below or 
at the water surface with entrance on 
the upstream slope.. Ifa rodent hole is 
found that extends through the dam, 
the best  procedure  is first to locate 
the upstream end of the passage. The 
ar·ea around the entrance  should be 
excavated  and  then  backfilled  with 
impervious  material.  This  places  a 
plug or patch at the passage entrance 
so that reservoir  water  is prevented 
from  saturating  the  interior  of  the 
darn.  This  should  be  considered  a 
temporary   repair Excavation   and 
backfilling of the entire tunnel or fill 
ing of the tunnel with cement grout 
ar·e possible long-term solutions, but 
pressure cement   grouting   is   an 
expensive  and sometimes dangerous 
procedure.. Indeed, pressur·e exerted 
during grouting can cause additional 
damage  to  the  embankmeut  in  the 
form   of   hydraulic   fracturing   (an 
opening  of cracks  by high pressure 
grouting).  Thus, grouting should be 
performed only under the direction of 
an engineer.. 

 

7..2..6 Traffic damage control - As 
mentioned eariler, vehicles driving 
across an embankment dam can create 
ruts in the dam crest if the crest is not 
surfaced with roadway material The 
ruts can then collect water and cause 
saturation and sof tening of the dam. 
Other ruts may be formed by vehicles 
driving up and down a dam face.. 
These ruts can collect runoff and 
result in severe erosion. Vehicles 
should be banned from dam slopes 
and kept out by fen ces or barricades 
.. Any ruts should be repair'ed as soon 
as possible using the methods outlined  
in Section 7..2 L 
7.2..7 Mechanical maintenance - 
Proper operation of a dam's outlet 
works is essential to the safe and 
satisfactory operation of a dam.. 
Release of water from a dam is nor" 
mally a frequent or ongoing function. 
However, on some reservoirs used 
for recreation, fish propagation, or 
other purposes that do not require 
continual release of water, an oper 
able outlet provides the only means 
for the emergency lowering of the 
reservoir' and is therefore, essential 
for the safety of the dam. 
H routine inspection of the outlet 
works indicates the need for main 
tenance, the work should be com 
pleted as soon as access can be 
gained. Postponement of main 
tenance could cause damage to the 
installation, significantly reduce the 
useful life of the structure, and result 
in more extensive and more costly 
repairs when finally done.. More 
importantly, failure to maintain an 
outlet system can lead dir·ectly to 
failure of the dam. 
The simplest procedure to insur·e the 
smooth operation of outlet gates is to 
operate all gates through their full 
range at least once and preferably 
twice annually.. Many gate manufac 
turers recommend operating gates as 
often as four times a year.. Because 
operating gates under full reservoir 
pressur·e can result in large outlet dis 
charges, gate testing  should be 
scheduled during periods of low 
storage. If this cannot be done, they 
should be operated during periods of 
low stream flow. Iflarge releases are 
expected, outlets should be tested 
only after coordinating releases with 
water administr ation  officials and 
notifying downstream residents and 
water users. 
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Operation of the gates minimizes the 
buildup of rust in the operating 
mechanism and therefore, the likeli 
hood of seizure of the operating 
mechanism During this procedure, 
the mechanical parts of the hoisting 
mechanism - including drive gears, 
bearings, and wear plates -should be 
checked for adverse or excessive 
wear, all bolts, including anchor 
bolts, should be checked for tight 
ness, worn and corroded parts should 
be replaced, and mechanical and 
alignment adjustments should be 
made as necessary. 
The way the gate actually operates 
should also be noted. Rough, noisy, 
or enatic movement could be the first 
signs of a developing problem. The 
cause of operational problems should 
be investigated and corrected 
immediately.. 
Excessive force should be neither 
needed nor applied to either raise or 
lower a gate.. Most hoisting mech 
anisms are designed to operate satis 
factorily with a maximum force of 40 
pounds on the operating handle or 
wheel. Ifexcessive force seems to be 
needed, something may be binding 
the mechanical system. The applica 
tion of excessive force may result in 
increased binding of the gate or 
damage to the outlet works.. If there 
does seem to be undue resistance, the 
gate should be worked up and down 
repeatedly in shott strokes until the 
binding ceases, and/or the cause of 
the problem should be investigated. 
Of course, the problem should be 
corrected as  soon as possible to 
assure the continued operability of 
the gate. 
Ifa gate does not properly seal when 
closed, debris may be lodged under 
or around the gate leaf or frame.. 'The 
gate should be raised at least 2 to 3 
inches to flush the debris, and the 
operator should then attempt to 
reclose the gate.. This procedur·e 
should be repeated until proper seal 
ing is achieved However, if this 
problem or any other problem per 
sists, a manufacturer's representative 
or engineer experienced in gate design 
and operation should be consulted. 
An outlet gate operating mechanism 
should always be well lubricated in 
accordance with manufacturer' s 
specifications. Proper lubrication 
will not only reduce wear in the 
mechanism, but also protect it 
against adverse weather  Gates with 
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oil-filled stems (i.e,., stems encased in 
a larger surrounding pipe) should be 
checked semiannually to assure the 
proper oil level is maintained. H such 
mechanisms are neglected, water 
could enter the encasement pipe 
through the lower oil seal and could 
cause failure  of the upper and/or 
lower seals which in turn could lead 
to the corrosion of both the gate stem 
and  interior  of  the  encasement pipe,, 
The metal used in gate seats is 
usually brass, stainless steel, bronze, 
or other rust-resistant alloys,, Older 
or smaller gates may not be fitted 
with seats, making them susceptible 
to rusting at the contact surfaces be 
tween the gate leaf and gate frame. 
Operation of gates should prevent 
excessive rust buildup or seizure,, 
For satisfactory operation, a gate stem 
must be maintained in  proper 
alignment with the gate and hoisting 
mechanism Proper alignment and 
support is supplied by stem guides in 
sufficient number and properly spaced 
along the stem. Stem guides are 
brackets or bearings through which a 
stem passes, 'They both prevent lateral 
movement of the stem and bending or 
buckling when a stem is subjected to 
compression as a gate is being closed,, 
Ihe alignment of a stem should be 
checked during routine inspections,, 
Alignment may be checked by sight 
ing along the length of the stem, or 
more accurately by  dropping a 
plumbline from a point near the top 
of the stem to the other end,, The stem 
should be checked in both an 
upstream/ downstream direction as 
well as in a lateral direction to ensme 
straightness,, While checking align 
ment, all gate stem guide anchors and 
adjusting bolts should be checked for 
tightness.. A loose guide provides no 
support to the stem and could cause 
buckling  of the stem  at that point 
If during normal inspection, the stem 
appears out of alignment, the cause 
should be repaired, The gate should 
be completely lowered and all ten 
sion or compression taken off the 
stem. Any misaligned stem guides 
should be loosened and made to 
move freely,, The hoisting mechanism 
should then be operated to put ten 
sion on the stem, thereby straighten 

 

Many outlet gates are equipped with 
wedges that hold the gate leaf tightly 
against the gate frame as the gate is 
closed, thus causing  a tight seal, 
Through years of use, gate seats may 
become worn, causing the gate to leak 
increasingly,. If an installation has a 
wedge system, the leakage may be 
substantially reduced or eliminated by 
readjusting the wedges, 
Because adjustment of these gates is 
complicated, inexperienced person 
nel can cause extensive damage to a 
gate. Improper adjustment  could 
cause premature seating of the gate, 
possible scoring of the gate seats, 
binding of the gate, gate vibration, 
leakage, uneven closing of the gate, 
or damage to wedges or gate guides. 
Thus, only experienced personnel 
should perform adjustments, and a 
gate supplier or manufacturer should 
be consulted to obtain names of peo 
ple experienced in such work, 
Ice can exert great force on and cause 
significant damage to an outlet gate 
leaf. Storage levels in a reservoir dur 
ing winter should be low enough that 
ice cannot form behind a gate, To 
prevent ice damage, the winter water 
level should be significantly higher 
than the gate if storage is maintained 
through the winter or, if the reservoir 
is to remain empty over the winter 
months, the outlet should be left fully 
open , If operations call for the water 
level to move across the gate during 
the winter, a bubbler or other anti 
icing system may be needed, 
7.2.8 Electrical maintenance - 
Electricity is typically used at a 
dam to: 
• Provide lighting 
• Operate outlet gates 
• Operate recording equipment 
• Operate spillway gates 
• Operate other miscellaneous 

equipment 
It is important that an electrical sys 
tem be well maintained,, Main 
tenance should include a thorough 
check of fuses and a test of the sys 
tem to ensure that all parts are prop 
erly functioning, The electrical system 
should be free from moisture and dirt, 
and wiring should be checked for cor 
rosion and mineral deposits,, Any 
necessary repairs should be com 
pleted immediately, and records of 
the  repair  work  should  be  kept 

 

and ensuring that fuel is readily 
available 
7.2.9 Cleaning - As already sug 
gested, the proper operation of 
spillways, sluiceways, approach 
channels, inlet/outlet structures, still 
ing basins, discharge conduit, dam 
slopes, trashracks, and debris control 
devices require regular and thorough 
debris removal and cleaning,. Clean 
ing is especially  important  after 
upstr,eam storms which tend to send 
more debris into the reservoir, 
'1.2. l0  Concrete maintenance  - Also 
as mentioned, periodic main 
tenance should be performed on all 
concrete surfaces to repair deteri 
orated areas,. Concrete deterioration 
should be repaired immediately when 
noted; it is most easily repaired in its 
early stages. Deterioration can 
accelerate and, if left unattended, can 
result in serious problems or dam 
failure,, An experienced engineer 
should be consulted to determine 
both the extent of deterioration and 
the proper method of repair, 
7.2.11 Metal component main 
tenance - All exposed, bare ferrous 
metal on an outlet installation, 
whether submerged or exposed to air, 
will tend to rust. To prevent corro 
sion, exposed ferrous metals must 
either be painted or heavily greased, 
H painted, the paint should be 
appropriate and applied following the 
paint manfacturer' s directions, 
When areas are repainted, steps 
should be taken to assure that paint 
does not get on gate seats, gate 
wedges, or gate stems where the 
stems pass through the stem guides, 
or on other friction surfaces where 
paint could cause binding,. Heavy 
grease should be used on surfaces 
where binding can occur, Because 
rust is especially damaging to contact 
surfaces, existing rust should be 
removed before the periodic applica 
tion of grease., 

ing it, but the  gate  should  not  be 
opened, The affected guides should 
then be aligned and fastened so that 
the stem passes exactly through their 
centers 

Generators used for auxiliary emerc 
gency power must also be main 
tained. This work includes changing 
oil, checking batteries  and antifreeze 



- w z 

s 

 

z 

g 
_ u 

 
Table 8 1 is a reference directory of occurren 
ces and emergency actions to he taken if 
needed 
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EMERGENCY  ACIION 
HYDRAULIC 
Lower water level 
Increase outlet flows 
Controlled Breach 
Sandbags (increase 

freeboard) 
Plug leak entrance 

Close outlet 

 
EROSION CONTROL 
Sandbags 
Riprap 
Weight toe area 

 

OPERATIONS 
Inspect 
Monitor 
Repair & maintain 
Emergency notification 
Operate at reduced 
level 
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CHAPTER 8 
EMERGENCY ACTION PLAN GUIDELINES 

 
 

8.0 THE EMERGENCY ACTION 
PlAN 
Although most dam owners have a 
high level of confidence in the struc 
tures they own and are certain their 
dams will not fail, history has shown 
that on occasion  dams do fail and 
that often these failures cause exten 
sive property damage and deaths.. A 
dam owner should prepar e for this 
possibility by developing an emer 
gency action plan which provides a 
systematic means to: 
• Identify emergency conditions 

threatening  a dam 
• Expedite effective response a 

tions to prevent failure 
• Reduce loss of life and property 

damage  should failure occur 
A dam owner is responsible for pre 
paring a plan stating the above pur 
poses and listing actions that the 
owner, the operating personnel and 
local government authorities should 
take.. A plan should include sections 
on: 
Purpose:  (indicated  above) 
Situation: 
• A list of problem indicators (see 

the checklist  included  in  Table 
8 3) 

• A summary of communities in the 
potential inundation zone and 
flood travel times 

• A list of anticipated failure situa 
tions that can be used as a guide 
for appropriate responses  such 
as: 
• Failure pending - stmcture can 

likely be saved with immediate 
remedial action 

• Failure imminent - structure 
may possibly be saved with 
immediate  remedial  action 

• Failure in progress - no chance 
to save the structure 

• Flooding expected or in pro 
gress upstream from the dam 
site 

• Any other conditions peculiar 
to this dam 

E xecution 
• A list of remedial actions to pre 

vent failure (see Section 8.2.) 
• A plan for notification of down 

str earn communities that allows 
the greatest possil>le time to warn 
and evacuate residents should 
failure occur· and a list of tele 
phone numbers of emergency pre 
paredness officials in each 
community (There is an impor 
tant distinction between notifica 
tion and warning.. Notification is 
the responsibility of the dam 
owner; he or she must notify com 
munity emergency officials of 
inrpending failure.. These officials 
must then warn the public and 
evacuate them from the inunda 
tion zone if necessary.. Public 
warning processes need not be 
fully specified in the dam owners' 
emergency action plan..) 

Resources   and  Coordinating 
Instruction s::· 
• A list of those who can be of assis 

tance, related telephone numbers, 
and radio call signs 

• A list of materials for use in 
remedial action; for example, 
sandbags, high intensity lighting 
for night  repairs 
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A dam owner should make full use of' 
other persons who are concerned 
with dam safety.. Cooperative plan 
ning can greatly benefit  all parties 
and result in a more concrete, 
integrated, plan.. People and organi 
zations with whom a dam owner 
should coordinate emergency plan 
ning include: 
LOCAL  PARTICIPANTS 
The dam's owners, shareholders, and 

beneficiaries 
Officials of nearby downstream cities 

and towns 
Local police, county sheriff 
Local emergency officials 
Local fire department 
County highway department 
Local construction companies 
News media serving the area (radio, 

TV, newspaper)  
Nearby  engineering  firms 
Professional diving services 
Helicopter services 
Hospital ancVor ambulance services 
STATE AGENCIES 
State Engineers office 

State  Engineer 
Dam Safety Branch 
Local water commissioner 
Division engineer 

State office responsible for disaster 
emergency  services 
State Highway Patrol 

Department of highways 
Department of health 
FEDERAL AGENCIES 
Bureau of' Reclamation 
U..S. Forest  Service 
National Park Service 

 
TA8ll 8.2 

POTENTIAL PROBLEMS 
AND IMMEDIATE RESPONSE ACTIONS 

OVERfOPPING BY FLOOD WAIERS 
• Open outlet to its maximum safe capacity 
• Place sandbags along the crest to increase freeboard and force more water through the 

spillway and outlet 
• Provide erosion-resistant protection to the downstream slope by placing plastic sheets 

or other materials over erOding areas 
9 Divert flood waters around the reservoir basin if possible 
• Create additional spillway capacity by making a controlled breach in a low embank- 

ment or dike section where the foundation materials are erosion resistant 
WS S OF FREEBOARD OR DAM CROSS SECIION DUE  IO STORM 
WAVE EROSION 
• Place  additional  riprap  or  sandbags  in  damaged  areas  to  prevent  further 

embankment  erosion 
• Lower the water level to an elevation below the damaged area 
• Restore freeboard with sandbags <ir earth and rockfill 
• Continue close inspection of the damaged area until the storm is over 
SLIDES ON  THE  UPSIREAM  OR DOWNSIREAM   SLOPE  OF  IHE 
EMBANKMENT 
• Lower the water level at a rate and to an elevation considered safe given the slide con 

dition. H the outlet is damaged or blocked, pumping, siphoning, or a controlled breach 
may be required 

• Restore lost freeboard if required by placing sandbags or filling in the top of the 
slide 

• Stabilize slides on the downstream slope by weighting the toe area with additional soil, 
rock, or gravel 

EROSIONAL  FWWS  J HROUGH  IHE EMBANKMENI,  FOUNDAIION, 
OR ABUTMENTS 
• Plug the flow with whatever material is available (hay bales, bentonite, or plastic 

sheeting if the entrance to the leak is in the reservoir basin) 
• Lower the water level until the flow decreases to a non-erosive velocity or until it 

stops 
• Place a protective sand and gravel filter over the exit area to hold materials in 

place 
• Continue lowering the water level until a safe elevation is reached 
• Continue operating at a reduced level until repairs can be made 

U..S.. Army Corps of Engineers 
Federal Bureau of Investigation 
Federal   Emergency   Management 

Agency 
Federal Energy Regulatory 

Commission 
United States Geological Survey 
A checklist to assist in the develop 
ment of an emergency action plan is 
provided at the end ofthis chapter.. A 
dam owner should use this list to 
develop a plan and to update the plan 
periodically thereafter as conditions 
change (see Table 8..3).. 

8.1 IDENTIFICATION OF 
EMERGENCY CONDITIONS 
AND INITIATION OF 
EMERGENCY RESPONSE 
ACTIONS 
As discussed  in earlier chapters, a 
dam owner should observe a dam 
structure and the dam site on a 
regular basis. Failur·e is most often 
caused by overtopping, water flowing 
tluough a dam's key components, 
and weaknesses in the foundation 
and outlet works.. As discussed in 
Chapters 5 and 6, a number of 
indicators can signal the beginning of 
problems that might cause failure. 
At a minimum, a dam owner should 
include in the "Situation" portion of 
the plan a reminder to check the his 
tory and location of hazards which 
could lead to overtopping or other 
acute problems .. These are discussed 
in detail in Chapter 3 and include: 

• Earthquakes and active faults 
• Flooding, storms, snow melt 

runoff 
• Landslides 
Reporting a Dam Safety Incident - 
When reporting  a dam incident, all 
dir'ections for example "left of ' or 
"tight from") ar·e from the point of 
view of an obse1ver facing down 
stream. 
When an "indicator" or dangerous 
condition appears, a dam owner or 
responsible agent must take immed 
iate action. Iffailure is possible, that 
person should report the situation to 
state and local dam safety authorities 
immediately.. The report should 
include: 
• The name of the person making 

the report and how he or she can 
be contacted 



 
 

FAILURE OF APPURTENANT  STRUCTURES SUCH AS OUTLETS OR 
SPILLWAYS 
• Implement temporary measures to protect the damaged structure, such as closing an 

outlet or providing temporary protection for a damaged spillway 
• Employ experienced professional  divers if necessary to assess the problem and 

possibly implement repair 
• Lower the water level to a safe elevation.. n· the outlet is inoperable, pumping, siphon- 

ing, or a controlled breach may be required 
MASS MOVEMENT OF THE DAM ON IlS FOUNDAIION, 
(SPREADING OR MASS SLIDING FAILURE) 
• Immediately lower the watel' level until excessive movement stops 
• Continue lowering the water until a safe level is reached 
• Continue operating at a reduced level until repairs can be made 
EXCESSIVE  SEEPAGE AND HIGH LEVEL SATURAIION  OF  THE 
EMBANKMENT 
• Lower the water to a safe level 
• Continue frequent monitoring for signs of slides, cracking or concentrated seepage 
• Continue operation at a reduced level until repairs can be made 
SPILLWAY BACKCUITING  THREATENING  RESERVOIR 
EVACUATION 
• Reduce the flow over the spillway by fully opening the main outlet 
• Provide temporary protection at the point of erosion by placing sandbags, riprap 

materials, or plastic sheets weighted with sandbags 
• When inflow subsides, lower the water to a safe level 
• Continue operating at a low water level in order to minimize spillway flow 
EXCESSIVE SETTLEMENT OF THE EMBANKMENT 
• Lower the water level by releasing it through the outlet or by pumping, siphoning, or a 

controlled breach 
• Ifnecessary, restore freeboard, preferably by placing sandbags 
• Lower water to a safe level 
• Continue operating at a reduced level until repairs can be made 
LOSS OF ABUTMENT  SUPPORT OR EXTENSIVE  CRACKING IN 
CONCRETE  DAMS 
• Lower the water level by releasing it through the outlet 
• Implement notification procedures 
• Attempt to block water movement through the dam by placing plastic sheets on the 

upstream face 
• Lowering water to a safe level 
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A reporting form is included in 
Appendix B of this manual.. Owners 
should use it as a guide and supple 
ment it with additional site-specific 
details. 
Additionally, the items on the report 
form should be periodically reviewed 
by owners and operators who fre 
quently visit the dam site.. An up-to 
date report form and accurate report 
will permit intelligent assessment of a 
problem situation and proper imple 
mentation of an emergency action 
plan. 
Immediate Response Actions - 
Response actions should be listed in 
the "Execution" section of the 
emergency action plan  according  to 
the problem or indicators being 
addressed (as in  Iable 8..2). 

 

8.2 GUIDELINES FOR 
EMERGENCY   NOTIFICATION 
An essential part of the "Execution" 
Section of an emergency action plan 
is a list of agencies/persons to be 
notified in the event of a potential 
failur·e. Names for this list should be 
obtained from and coordinated with 
local law enforcement agencies and 
local disaster emergency services 
offices. The list should include key 
people or agencies who can activate 
warning and evacuation procedures for 
the public or who might be able to 
assist a dam owner in delaying or 
preventing faiJw·e. The following 
agencies can offer emergency assis 
tance if failw·e of a dam appears 
imminent 

• The name of the dam, lake or 
rese1voiI, and river, stream, 01 
tributary the dam is located on 

• The location of the dam by the 
nearest highways, roads or towns 
and by township and section, and 
range and principal meridian, if 
known 

• A description of the problem (for 
example, excessive leakage, 
cracks, sand boils, slides, wet 
spots, etc..) 

• The location of the problem area 
on the dam relative to embank 
ment height (for example, "about 
1/3 up from the toe") and relative 
to the dam's crest (for example, 
100 feet to the right of the outlet 
or abutment) and in terms of what 
part of the dam is actually affected 
(for example, upstream slope, 
crest, or downstream slope) 

• A description of the extent of the 
problem  area 

• An estimate of the quantity of 
unusual flow as well as a descrip 
tion of flow quality (clear, 
cloudy, muddy) 

• A reading of the water level in the 
reservoir relative to the dam's 
crest, spillway and/or the gauge 
rod 

• An indication of whether the 
water level is rising or falling 

• An indication of whether the 
situation appears to be worsening 

• An indication of whether the 
problem appears to be contain 
able or is an emergency 

• ·111e current weather conditions at 
the  site 

• Anything else that seems 
important 

• Local   sheriff;  police,   and/or 
fire departments 

• Local disaster emergency agency 
• County engineer 
• State  department   responsible 

for· dam safety 
• State disaster emergency serv· 

ices office 
A copy of the notification list should 
be posted in a prominent, accessible 
location at the dam  - near a 
telephone and/or radio tr ansmitter, if 
possible.. It should be periodically 
(once or twice a year) verified and 
updated as necessary. It should 
include individual names and titles, 
locations, office and home telephone 
numbers, and radio frequencies and 
call signals if appropriate. Special 
procedures should be developed for 
nighttime, holiday, and weekend 
notification and for notification dwc 
ing a severe storm when telephones 
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may not be working or highways may 
be impassable. 
The notification element of an 
emergency action plan should be 
brief, simple, and easy to implement 
under any conditions. Notification of 
impending failure is the first step in 
the process that leads to public warn 
ing. A dam owner should be careful 
to quickly notify the key official re 
sponsible for warning and evacuating 
the public.. Normally, this is the 
county sheriff  or city police chief. 

• Notification of that official is the 
clear responsibility of the dam owner 
who should know the roles and re 
sponsibilities of both the official and 
the agency that will carry out public 
safety actions Often, if a reservoir is 
large, the potential inundation zone 
will extend for many miles, and 
failure will threaten several com 
munities and counties.. A dam owner 
should include the proper official for 
each jurisdiction in the notification 
plan, so all can be notified as quickly 
as possible, (use position titles for 
officials so that the plan does not 
require updating every time a person 
changes jobs).. 
Certain key information must be 
included in every notification  plan 
including information about potential 
inundation areas and travel times for 
the breach (flood) wave.. Inundation 
maps showing potential areas of 
flooding from a dam failure are 
especially useful in local warning and 
evacuation planning. Detailed infor 
mation about the identification of 
inundation zones and the develop 
ment of maps can be found by con 
tacting a state engineer's office or 
local planning office. 

 
 

TABLE 8.3 
CHECKLIST   FOR 

DAM  EMERGENCY 
PLANS 

I. Development of Plan 
A. Overview: Use fonnat suggested 

in paragraph 8..0 
L Are reporting procedures 

clear in showing what data 
must be collected and what 
infonnation should be re 
ported? 

2 Are tenns in the plan defined 
so that users will have no 
questions about the nature of 
the situation? 
a. failure   vs impending 

failure 
b. emergency situation vs. 

potential problem 
c.   rapidly vs.. slowly devel 

oping situation 
B. Problem Identification 

I Are all indicators of poten 
tial failure covered in the 
plan? 
a. Slumping/sloughing 
b..  Erosion 
c Riprap displacement 
d Slides on dam or abut 

ment 
e.. Increased amount of 

seepage 
f:   Cloudy or dirty seepage 
g.   Boils 
h Piping 
L   Whirlpools (vortices) 
j. Settlement 
k.   Cracks 
L   Bogs 
m.  Sinkholes 
n   Abnonnal   instrumenta 

tion readings 
o..   Failure of operating 

equipment 
p.   Water in the intake tower 
q..   Other 

2 Are all emergency situations 
covered in the plan? 
a   earthquakes 
b.  floods 
c.   storms 
d. massive landslides 
e.. volcanic eruptions 
[  fires 
g.   civil disturbance 
h   sudden water releases 

other potential disasters 
3. Does the problem identifica 

tion section list all the possi 
ble locations of a problem? 

4. Are the above elements, 
indicators and events suf 
ficently defined so that the 
user can understand them? 

 
 

5. Does the plan identify the 
cause of the problem? 

6.. Can the user ascertain the 
seriousness of the problem? 
(i..e. , when the problem be 
comes an emergency) 

7  Can the user determine what 
action is needed? 

8.. Can the user ascertain exact 
ly when to notify local 
officials and which local 
officials to notify depending 
on the nature of the problem? 

9. Can the user determine what 
equipment or supplies are 
needed for each type of 
problem? 

I0 Does the fonnat of the plan 
easily link problem iden 
tification with the action to 
take, notification to make, and 
equipment and supplies to 
use? 

11. Does the plan include a list 
of historical problems or 
most common problems for 
the type of dam in question? 

C. Notification 
L Does the plan contain a list 

of key agency personnel 
and show: 
a   their office and 24-hour 

telephone number 
b.  the name of their alter 

nate 
c. which   officials  to   call 

fJISt 
d. responsibilities   of the 

officials 
2 Does the plan show the dam 

tender or project manager's 
responsibility in the event of 
a total loss of communica 
tions? 

3 Does the plan's format allow 
the user to find the name of 
the primary contacts quick 
ly? Has the order of notifica 
tion been prioritized? 

4. Does the plan's list of local 
officials in charge of evacua 
tion include: 
a   office and 24-hour tele 

phone number 
b.  names of alternates 
c. which officials should be 

contacted  first 
d. at  what  point  officials 

should be called 
e.   how   messages   should 

be worded 



 
 

5.. Does the plan describe the 
communication  system? 
a  under normal conditions 
b.  when backup is neces 

sary 
c. Are radio call numbers and 

frequencies inclnded 
  for own radios 
    for  those   to 
be notified 

6. Does the plan include pro 
cedures for downstream 
notification? 
a downstream operators 
b  other dams 
c   industries 
d  other agencies 
e.  recreational users 

D.. Local Coordination 
I Was the development of the 

plan coordinated with local 
officials? 
a   did agencies contribute 
b. was the plan integrated 

into the local plan 
2, Do inundation maps provide 

sufficient information and 
explanation? 
a is language understand- 

able 
b.   are terms explained 
c,   is map usage explained 
d    are criteria explained 
e   is travel time shown 
f. are hazardous elevations 

shown 
g is flood plain information 

available 
E. Resources 

1 Are resources adequately 
identified? Does the plan 
indicate how to locate emer 
gency equipment? 
a. are equipment and sour 

ces specifically des 
cribed with the contact 
name and telephone 
number included 

b are supplies and  sup pliers 
specifically des cribed 
with the name of the 
contact and tele phone 
number  included 

c. are repair material and 
erosion protection mater 
ial described 

d are memos of under 
standing to share resour" 
ces with government 
entities described 

 

F Review 
I. Was there a comprehensive 

review of the plan at the time 
it was developed?  Was it 
a  technically accurate 
b workable 
c.   in compliance  with  cri 

teria 
d.  sufficiently   comprehen 

sive 
e  presented effectively 

II.Implementation  of  Plan 
A Local Coordination 

1. Were emergency plans (in 
cluding notification lists and 
inundation maps) sent to all 
appropriate officials? Is the 
list maintained? 

2 Have local officials had a 
briefmg or other explanation 
of the plan? Is a record of 
such briefing maintained? 
Did the briefing explain: 
a   basic project data 
b   maps 
c.  communication networks 
d    points  of  contact 
e    notification  procedures 

3 . Have effective lines of com 
munication for  critical con 
ditions been set up? 

4. Have the dam owner and 
local officials agreed on their 
relationship, roles and re 
sponsibilities during a dam 
failure.. Is the agreement in 
writing'.? 

5 Has the dam owner reviewed 
local evacuation plans and 
discussed them  with local 
officials? 

B.  Training 
I.. Has a plan for exercising the 

plan been developed? 
2 Have exercises been conduc 

ted? Is a schedule of exer 
cises maintained? 

3. Have the following elements 
of the plan been exercised? 
a  problem identification 
b.  emergency scenarios 
c notification of dam owner 

and operating staff 
d notification of others 
e.   communication  system 
f resource list 

4. Were all appropriate person 
nel involved in the test? 
a owner's personnel 
b dam  safety personnel 
c maintenance  personnel 
d   support stall 
e    local officials 
f.   contractors and suppliers 
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C  Personnel  and Resource Readi 
ness 

Are all appropriate employ 
ees familiar with the emer 
gency action plan? 

2. Do all appropriate employees 
have  access to the plan? 

3 Have all appropriate person 
nel received training in the 
following'? 
a   how to use the plan 
b  identifying a problem 
c.  identifying the severity of 

a problem 
d using the communication 

equipment 
e using the notification 

subplan 
I:   overall dam safety 

4 Are key personnel available 
24 hours a day? 

5 Is the division  of personnel 
into emergency response 
teams  appropriate? 

6 D.o employees understand 
their· roles during emergen 
cies? 

7 Do key employees have 
access to the dam during 
emergencies? 

8  Are resources ready? 
a   equipment 
h  list of contractors 
c. supplies on hand or read 

ily available 
D Updating and Reviewing 

1 Is the  plan  reviewed  at least 
armually7 

2 Are notification procedures 
regularly  updated? 
a names and telephone 

numbers of key staff 
h names and telephone 

numbers of local offi 
cials 

c. names and telephone 
numbers  of contractors 

3 Is the plan reviewed to make 
sure that: 
a  exercises are conducted 
b  personnel are trained 
c. communication equip 

ment  is maintained 
d other equipment is 

maintained 
e. the downstream warning 

system is in place and 
operational 

f: any new problems are 
included 

g inundation maps are still 
current 
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CHAPTER 9 
OPERATIONS GUIDELINES 

 
 

9.1 GENERAL 
An operations plan details each of 
the safety program components 
outlined in Chapter 4, and detailed in 
Chapters 5 through 8 The extent of 
an operations plan depends on the 
complexity of the dam itself -factors 
such as dam size, number and type of 
appurtenances and oper ating mech 
anisms 
The operation of a dam may involve 
adjusting the reservoir level, control 
ling debris by opening and closing 
valves, keeping records, and, in 
gener al, ensuring public safety. Prop 
er operation procedures is extremely 
important for maintaining a safe 
structure Many small dams do not 
need a full-time operator, but should 
be checked regularly,. Special opera 
tional procedures to be followed durc 
ing an emergency should be posted, 
particularly if the owner/operator is 
not always available 

 
 

 
9.2 OPERATIONS  PlAN 
GUIDELINES 
Establishing an operations procedure 
or plan calls for detailed documenta 
tion of the following: 
• Dam and rese1voir physical 

characteristics data 
• Descriptions of dam com· 

ponents (Chapter 2) 
• Operations instructions fo1 

opernble mechanisms (Chap 
ter 9) 

• Inspection guidelines (Chapter 
5) 

• Instrumentation and monitor 
ing guidelines (Chapter 6) 

• Maintenance operations guide 
lines (Chapter 7) 

• Eme1gency operntions guide 
lines (Chapter 8) 

• Bibliographical information 
(Appendix D) 

As recommended in Chapte1 4, 
collection and review of existing 
information on the dam design, con 
struction and structural character 
istics is the first step in developing a 
dam safety program.. Guidlines for 

inspections, monitoiing, main 
tenance, and emergency action plan 
ning are presented in the  other 
indicated chapters.. 
The  operation  plan   should  have 
several seperate sections: 
Section A: Background Data 

L  Vital dam statistics 
2 Description of appurtenances 

Section B: Operations Instrnctions 
and Records 

I. Operating instructions for oper- 
able mechanisms 

2. Inspection instructions and 
forms 

3 Monitoring instJ:uctions and 
forms 

4., Maintenance instructions and 
forms 

5, Biblography 
6.. Telephone list 

Section C: Emergency Warning 
System 
Sections A and B are described 
briefly below and a schedule of 
routine tasks is included. Instructions 
are included for frequent inspections, 
monitoring, and follow-up main 
tenance.. The Emergency Warning 
System plan is discussed in Chapter 
8. 
9,. L I  Background  Data 
I  Vital dam statistics include: 
a. General 

• Type of dam 
• Height of dam 
• Length of crest 
• Width of crest 
• Angle of upstream slope 
• Angle of downstr·eam slope 
• Available freeboard 
• Capacity tables fo1 

reservoir 
• Top of dam elevation 
• Capacity tables of inflow 

and outflow works 
• County location 
• rownship location 
• Stream name 
• Year completed 
• Hazard classification 
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b. Spillway 
• Type of spillway 
• Length of spillway 
• Spillway channel elevation 
• Normal pool elevation 
• Available freeboard 
• Maximum observed flow 

and date of occurrence 
• Discharge tables for 

spillway 
c..  Outlet 

• Size, configuration and 
type of outlet 

• Size and type of outlet 
control device 

• Discharge tables for outlet 
• Inlet invert elevation 
• Outlet invert elevation 
• Drainage systems and 

drain locations 
9.2.2 Operations Instructions and 
Records 
Operating instructions for operable 
mechanisms - The plan should pro 
vide complete, clear, step-by step 
instructions for operating all mecha 
nisms associated with a dam includ 
ing the outlet control valve and 
spillway gates.. Proper sequences 
should be emphasized and sketches, 
drawings, and photographs to aid in 
identifying specific handles, cranks, 
buttons, etc should be included. The 
COirect method of opening and clos 
ing guard gates, gate usage during 
low and high flow, openings at which 
excessive vibrations are experienced, 
and operating problems peculiar to a 
specific gate should also be listed.. 
For hydraulic and electric gates, a 
schematic diagram should  be pro 
vided showing each component (in 
cluding back-up equipment) and its 
place in the operating sequence.. 
Instructions on the general operation 
of the reservoir, including the regula 
tion of inflow and outlet ditches, 
should be given. These should state 
the maximum pool levels to be 
allowed at different times of the yeai, 
maximum and/or minimum carry 
over storage, maximum and/or mini 
mum permissible outlet releases. 
They should also describe operation 
of the outlet to limit or prevent 
excessive spillway flow, and the 
method for periodic drainage of the 
reservoir to pennit thorough outlet or 
upstr·eam slope inspection. 
Inspection and instrumentation - A 
clear, step-by-step set of instructions 
for   conducting   a   comprehensive 

 

inspection of the dam and its. sur 
roundings should also be provided. 
Forms, for recording data such as 
those in Appendix A, should be used 
and copies of all completed inspec 
tion records should be kept 
Monitoring instruction.• - Clear 
instructions on how to use monitor" 
ing instruments and how to take 
measurements at monitoring points 
should be prepared, a map identify 
ing each instrument and monitoring 
point should be included, and forms 
for recording the data should be pro 
vided. The monitoring points them 
selves, plus any seepage or other 
areas needing special attention should 
be kept clear of obscuring growth and 
be permanently marked, so they can 
be found during inspection. The help 
of a qualified engineer will be useful 
in developing this section 
Monitoring can only be beneficial if 
the observations ar·e recorded in an 
orderly way and form a clear· perfor 
mance record.. Thus, plotting or 
charting some of the readings will be 
necessary.. Instructions on how to 
make and record each measurement 
or observation must be provided. If 
the owner's engineer is not going to 
plot or chart the data, instructions 
and forms should be developed to 
allow owners, operators, or main 
tenance personnel to do this work. 
An experienced consulting engineer 
may be helpful in preparing the 
needed formats. 
Maintenance instructions - Instruc 
tions for performing periodic main 
tenance should be given in detail, so 
that new personnel can understand 
the task and experienced personnel 
can verify that they have completed 
the work properly All needed main 
tenance work should be identified 
and listed This list includes the tasks 
described in Chapter 7 such as: 

1. Removing brush and trees 
2.  Removing debris 
3.. Regrading the cr·est and/or access 

roads 
4.  Removing harmful  rodents 
5..  Operating and lubricating gates 
6..  Adrling riprap when needed 
7.  Sealingjoints in concrete facings 
8.. Oeaning drainpipes and outlets 
9..  Maintaining monitoring points 

10  Maintaining  security of operat 
ing equipment 

 

Bibliography - All available refernce 
material should be cataloged m a 
single list Other title, author or 
agency responsible for publication, 
date and place of publication or brief 
description, and the permanent loca 
tion of the material (for example fil 
ing cabinet in basement) should be 
included. Even materials without 
titles or authors, such as photographs 
and maintenance information, should 
be listed.. 
Telephone List - A comprehensive 
up-to-date listing of important tele 
phone numbers should be maintained 
and include: 
• Ihe owner/operator (home and 

office) phones 
• Employees actively involved with 

the dam 
• The local emergency manage 

ment agency 
• State police 
• Ihe local police and fire depart 

ments 
• The state agency responsible for 

dam safety 
• Qualified local engineering con 

sultants 
• Downstream residents 

 
9.2 SCHEDULE OF ROUTINE 
TASKS 
A schedule should be established 
that includes both day-to day tasks 
and tasks performed less frequently 
during the year. Such a schedule 
serves to formalize inspection and 
maintenance procedures and makes 
it easy to determine when a task 
should be done.. As suggested in 
Table 9.J, The frequency of a 
required task is often dependent upon 
the hazard classification of the darn 
(See Chapter 3).. 

 
9.3 RECORD KEEPING 
As already suggested, operating a 
dam should include keeping accurate 
records of: 
1. Observations:: All observations 

should be recorded. Periodic 
observation of seepage is par" 
ticularly important Again, photo 
graphs ar·e valuable for recording 
observations and documenting 
changes.. 

2. Maintenance: Written records of 
maintenance and  major  repairs ar·e 
important for evaluating the safety 
of  a dam 



 

3.. Railifall and Water Levels.: A 
record of the date, time, and max 
imum elevation of extremely high 
water and associated  rainfall or 
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TABLE 9.f 
OPERATION PLAN SCHEDULE OF ROUTINE TASKS 

Hazard Classifications 

runoff   is  especially  helpful  in            
evaluating the performance of a 
dam and its spillway system.. In 
particular, records should be kept 
for reservoirs that have widely 
fluctuating water levels.. 

4. Drawdown: A record should be 
kept of the amount, rate, and 
reason for pool level drawdown.. 

5.. Other Procedures: A complete 
record of all operating procedw·es 
should be maintained 

 Category I 
High Hazard 

Calej!OIY 2 
Significant 

Category 3 
Low Hazard 

 
Frequency 

Many lives lost, 
Excessive damage 

Few lives lost, 
Appreciable damage 

No lives lost, 
Minimal damage 

(Minimum)    
Daily Surveillance.   
Weekly Monitor seepage.. Surveillance.  
Monthly Collect and examine Collect and examine Swveillance. 

 observation well data observation well data. Monitor seepage.. 
   Collect and exanline 
   observation well data. 
Quarterly Inspect visually Inspect visually  
Bi annually fest outlet and   

 spillway components.   
Annually Inspection by 

engineer. 
Inspection by 
engineer. 

Visual inspection.. 
Iest outlet. 

 Check alignments Test outlet and spill-  
 and movements. way components..  
  Check alignments  
  and movements..  
As required Routine maintenance Routine maintenance Routine maintenance 

 and additional 
inspections. 

and additional 
inspections. 

and additional 
inspections. 

   Check alignments 
   and movements 
Immediately 
after floods 

Additional 
inspections. 

Additional 
inspections.. 

Additional 
inspections 

and earth-    
quakes    
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CHAPTER 10 
REDUCING THE CONSEQUENCES 
OF DAM FAILURE 

 
 

10.1 SUPPLEMENTS TO A 
DAM SAFETY PROGRAM 
This manual has stressed safety as 
both a fundamental need and a prime 
responsibility of the dam owner. 
Developing an effective dam safety 
program is the single most important 
measure a dam owner can take to 
reduce the possibility or consequen 
ces of dam failure,. However, on a 
national scale, an acceptable level of 
dam safety is still far from being 
achieved Losses ar·e continuing to 
increase and may intensify as pop 
ulation growth and migration con 
tinue.. From both the perspective of 
the nation and the dam owner, other 
steps must be taken to reduce loss of 
life and property and subsequent 
liability, 
Liabilities which are determined 
following a dam failure strongly 
affect both organizations and people, 
governments and dam owners. De 
termination of liability is the legal 
means developed by society to 
recover damages due to a "wrong" 
(in this case, lack of dam safety) and 
is another aspect of the dam safety 
problem A thorough understanding 
of this legal process can help the dam 
owner decide the steps to be taken to 
reduce liability, 
A discussion of liability and its rela 
tion to a dam owner is presented 
below, followed by a discussion of 
three important measures beyond 
that of individual dam safety that 
dam owners can promote to reduce 
liability - the use of insurance, the 
provision of governmental assis 
tance, and the use of consultants. 

 
10.2 LIABILITY 
The  following  discussion  reviews 
general principles concerning liability 
and   the  operation   of   reservoirs 
Liability in specific instances, how 
ever, very much depends upon the 
dam, the accident, the owner and the 
jurisdiction  in  "'hich  the  reservoir 
is located 
The liability of an owner of a reserc 
voir   is   considered   general   civil 

("tort") liability, A tort is simply a 
civil wrong for which an injured party 
may recover damages from the re 
sponsible party,, Inmost circumstan 
ces, simply causing damage is not 
sufficient basis for the imposition of 
liability, Negligence must accom 
pany the injury before lfability is 
incuned However, negligence is not 
a fixed concept; it has been modified 
and changed by court decisions over 
the years,. In simplest terms, it has 
been described as the violation of a 
duty to act as a reasonable and pru 
dent person would act; a violation 
which directly results in damage to 
another 
The questions of what "duty" is 
imposed by society and what stan 
dard of reasonable  care is imposed 
by the duty have undergone enmc 
mous scrutiny and changes over the 
past 25 years.. Inmany instances the 
duty to make a product safe or the 
duty to insure that one's property 
does not pose a danger to others, has 
been significantly increased 
While the concept of negligence has 
been substantially broadened, changes 
in the limits of negligence do not dir 
ectly affect darn owners because a 
separate basis of liability has  long 
been imposed upon them, This stan 
dard is one of "strict liability,... Strict 
liability is not based upon fault or 
negligence, rather it is based solely 
upon resulting damage, regardless of 
fault. Strict liability is generally 
applied to those activities which ar·e 
deemed "ultra-hazardous" and not 
capable of being rendered reasonably 
safe.. , 
The whole concept of strict liability 
was first established in a case involv 
ing a reservoir -- the 1866 English 
case, Fletcher  vs,. Rylands, L.R l, 
Ex. 265 A r eservoir was built in the 
vicinity of abandoned coal mines; the 
water from the reservoir found its 
way into the abandoned shafts and 
from there into active shafts and 
caused damage Under present legal 
thought, the basis of liability for such 
an occurrence may well be negligent 
design  (i e.,,  failure  to  adequately 
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investigate the sUirounding cir" 
cumstances at the time the reservoir 
was built),. However, in the actual 
decision, it was assumed that no one 
could have known the abandoned 
mine shafts existed and specifically 
decided that the owner was not 
negligent. Nonetheless, the English 
Court established the concept of 
strict liability for reservoir owners, 
and the owner of the reservoir was 
found to be liable for the escape of 
water from the reservoir regardless of 
fault 
Fletcher vs.. Rylands has subse 
quently been adopted by most U S. 
coUits and has been cited when 
similar circumstances are con 
sidered It is the basis for imposing 
liability on the owner of a reservoir 
for all damages caused, regardless of 
fault and without need to prove 
negligence., 
Thus, with a very limited number of 
exceptions, the general statement of 
liability for the owner or operator of a 
reservoir is: 

 

intentional acts by third parties 
which the owner could not protect 
against or anticipate wer e a viable 
defense to strict liability 
Still, where there is no remedial 
legislation, the circumstances in 
which a reservoir owner is not liable 
for all damages caused by the leaking 
or breaking of his dam are severely 
limited. 
While the standard of liability im 
posed on a reservoir owner affords 
extremely limited relief, several 
states have enacted legislation which 
limits, in certain circumstances lia 
bility for damages. In many other 
states, by statute or common law, the 
owner of a reservoir is entitled to util 
ize (i.e.., release water to) the "nor" 
ma! high water line" of a stream 
without incurring liability for prop 
erty damaged within the  "normal" 
flood area However, the definition.of 
the limits within which no liability is 
imposed vary from place to place and 
may not be clear ly designated on 
maps.. Nonetheless, the right to util- 

 

able care and foresight are broadly 
interpreted, the change may not 
greatly affect the actual standard of 
liability imposed. 
In summary, existing law holds a 
reservoir owner to the highest stan 
dard of care. Pending legislation may 
limit liability in certain circumstan 
ces, however the general statement 
remains unchanged: the owner is lia 
ble for all damages caused by water 
escaping from a r eservoir -- despite 
the best efforts of the owner 

 
10.3 MEASURES TO REDUCE 
THE  CONSEQUENCES 
OF DAM FAILURE 
A dam owner can directly and 
indirectly influence the introduction 
and use of a variety of measures that 
will reduce the consequences of dam 
failure Insur ance can be purchased 
thus, spreading costs from a single 
dam owner to others, Land use 
measures, although difficult to insti 
tute, can be an even better means of 
mitigating future disasters. (If people 
are restricted fiom living in inunda 
tion zones, safety is obviously radi 

"IF WATER ESCAPES FROM A DAM, 
REGARDLESS OF FAULT, THE OWNER 
IS RESPONSIBLE FOR ALL DAMAGES 
SUSTAINED." 

cally improved.) Increasing public 
awareness and governmental plan 
ning are also measures that can 
reduce the consequences of dam 
failure 
A dam owner can obtain insurance 

It should be noted however, that all 
of the discussion conceui.ir\g com 
pensation for damages due to release 
of water from a reservoir deal solely 
with water that has previously been 
stored In all circumstances to date, 
and in most states by specific statute, 
a reservoir' owner may pass on all 
natural flood waters without incur 
Iing any liability downstream 
Strict liability has two relatively 
narrow exceptions: acts of God, or 
intentional acts of third parties, over 
whom the owner had no control 
While acts of God are recognized as 
a defense, this does not include all 
natural occurrences over which the 
owner had no control, but is more 
narrowly limited to those events over 
which the owner had no control and 
also which the owner could not, using 
available expertise, have anticipated. 
The other exception -- intentional 
acts of third parties -was established 
by the Wyoming Supreme Court in 
the Wheatland case.. The Wheatland 
Itrigation District asserted that their 
reservoir had been damaged by 
saboteurs, and the Wyoming Su 
preme Court recognized that illegal, 

ize defined or "historic" floodplain 
regions downstr earn of a reservoir 
can provide substantial relief from 
strict liability for a reservoir owner, 
With the recent insurance crisis and 
soaring liabililty insur ance rates, 
many states ar·e considering legisla 
tion which would limit either the 
basis of liability or the amount of 
liability that can be imposed on a 
reservoir owner. Some states, fbr 
example, are considering legislation 
which would change the standard of 
liability for a reservoir owner from a 
standard of "strict liability" to one of 
proven negligence 
If coupled with a redefinition of 
negligent actions, statutory modifica 
tion of the basis of a reservoir 
owner's liability could have a signifi 
cant effect However, as noted above, 
the trend during the past 25 years 
has been to broaden, not narrow, the 
scope of negligent be havior by 
imposing broad expec tations of 
prudence and foresight. Even if 
standards of "strict liability" are 
replaced by standards of "negli 
gence," in the case of a reservoir 
owner, because the criteria of reason- 

dir·ectly and should do so. The other 
measures discussed here: land use, 
public awar eness and preparedness 
planning, ar e essentially contr oiled 
by local governments, Therefore, 
dam owners would be wise to to 
encourage as strongly as possible 
awareness and action in the public 
sector. Finally, a dam owner may 
also wish to hire consultants from the 
private sector when the information 
needed for prudent decisions exceeds 
their expertise 

 
10.2.I Insurance - Insur ance can 
provide liability and asset protection 
and thus, is important for dam 
owners. In many states a minimum 
level of insurance coverage is man 
dated by law; in others it is not. In 
either case, the level of insurance 
carried should be based on: state law, 
value of facilities at risk, potential 
downstream impacts, condition and 
age of the dam, likelihood of an inci 
dent occurring and the cost of avail 
able of insurance Insur ance spreads 
risk among a large group of people 
and can not only provide protection 
for the person or organization Owning 
the dam, but also for employees and 



 

governing boards who may be held 
personally liable Types of coverage, 
availability and cost will vary from 
time to time, so it is, advisable to seek 
professional advice when considering 
the purchase of insurance Some 
insurance companies and brokers 
specialize in issues related to darn 
failure, Recommendations of insurers 
can normally be obtained from 
insurance indus1Iy representatives or 
from the state agency responsible for 
darn safety,, Not only can damage 
and liability be covered, the cost of 
business interruption, lost income, 
and workmen's compensation can 
also be provided, 
Insurance can spread and reduce 
potential loss and as such should be 
an accepted cost of doing business. 
Many persons have avoided this cost 
and have paid severely for their 
shortsightedness,, 
l 0.2.2 Governmental assistance - 
One of the fundarnential functions of 
government is to protect citizens 
from threats to their' health, safety, 
and general welfar,e. Reducing the 
consequences of darn failure is 
clearly a duty of federal, state and 
local governments which have joint 
and separate responsibilities to the 
public concerning darn safety, 
Land use planning, public awareness 
programs, and emergency prepar'ed 
ness planning are typically conduct 
ed at the local level - the level of 
government most immediate and re 
sponsive to the darn owner.. Federal 
agencies have technical expertise 
and can normally provide technical 
assistance when requested, but ulti 
mately, each state is responsible for 
its own darn safety program 
Local government roles - Population 

 
 

decisions and only rely on state and 
federal government for support. All 
elements of mitigation planning are 
based upon or affected by the way in 
which the affected land is used,, 
H the land has not been developed, 
the establishment of open space 
areas in potential inundation zones is 
a particularly effective way to reduce 
future costs of darn failure,. Indeed, 
this is the best mitigation s1Iategy to 
reduce future  loss, Despite this 
utility, organized programs or sttat 
egies of land acquisition or settle 
ment res1Iiction exist in few states - 
usually because of strong opposition 
among developers and land owners, 
ff land is already under development, 
zoning measures to limit high popula 
tion density can be useful. Also, the 
establishment of "green areas" - 
parks or golf courses - can be low 
cost means of limiting settlement in 
inundation zones, In some fully 
developed areas, flood proofing 
devices (walls, barriers) may prove 
useful, 
In much of the nation, land has 
already been developed and residen 
tial cons1Iuction in inundation zones 
is already in place People that live in 
such areas may have a false sense of 
security and not be aware that a 
hazard even exists, 
Experience has clearly shown that 
simple warning and evacuation pro 
cedures can save a significant num 
beroflives,, Table 10,J demons1Iates 
this success and the corresponding 
failure when early detection and 
warning are not available,, Clearly, 
communities downstieam from a 
darn should establish an early notifi 
cation and warning system, 
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The stimulation of public awareness 
of this hazard and the development of 
warning and evacuation plans is 
clearly the responsibility of local 
government The utility of such 
efforts cannot be overlooked; the 
aggregate return will be large over the 
long term 
Existing levels of awareness vliry 
across the nation Some people are 
fully awar'e of their exposure to this 
hazard while many do not even real 
ize that they reside in an inundation 
zone, Obviously, tourists are usually 
less aware than permanent residents; 
camp grounds for example, are not 
normally posted with signs that point 
out the existence of a dam hazard, 
Clearly, awareness is the fust step in 
mitigating the hazard and increas 
ing safety, 
Thus, counties, cities, towns and 
smaller unincorporated communities 
urgently need: 
• Io develop programs to increase 

awareness of existing dam fail 
ure hazards, and more specific 
ally, of who is in danger, 

• Io develop plans for warning 
and evacuating the population, 

• Io increase public familiarity 
with plans through publications, 
well publicized exercises and 
other means. 

Usually, a public awareness progr,am 
will be well received and generate 
confidence in government Media - 
television, and newspapers - radio 
ar'e potentially the most effective way 
to educate people,, Darn owners 
should encourage public awareness 
as well as warning and evacuation 
planning, 

settlement pattern and population 
growth strongly affect the costs of 
darn failur,es,, More simply, if no one 

Table 10.1 
Comparison of warning success for selected dam failures 

and flash floods 
 

were allowed to settle in hazardous 
 f  if  li  ld b  l   

       
     

         
       

Early Potential Actual Joss Fatality 
  direction 

& waining 
loss of life of life rate (%)  

  No 2,500 139 5 6  

mensurately "Low-hazard"   darns Laurel Run Dam, Pa No 150 39 25 0 
ar'e continually  being transformed Kelly Barnes Dam, Ga No 200 39 200 
into "significant hazard" and "high 
hazard" dams as this settlement con Buffalo Creek, W, Va Some 4,000 125 3.1 
tinues., Increased  losses are inevit Ieton Dam, Idaho Yes 35,000 11 <O,l 
able  unless 
measures are 
use of land in 

significant land use 
enacted to resttict the 
inundation zones, 'The 

Southern Conn, 
June 1982 
(20 dams failed) 

Yes Unknown 0 0 

s1Iategies use d will reflect federal, Lawn Lake, Colo, Yes 4,000 3 <O.l 



state,  and  local  efforts,  but  local 
government must make the critical D.M.A.D, Utah Yes 500  0..2 
  Source:  Graham, 1983     
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State government roles - Most state 
governments have actively attempted 
to reduce the possibility of and con 
sequences of dam failure through any 
of several major programs .. 
While some local public and private 
organizations may capable of super 
vising dam safety, the authority and 
responsibility for such measures rest 
with  state  agencies  that  approve 
plans   and   specifications   for  the 
design and construction of dams, and 
conduct  of  inspections  of  existing 
dams. In most states, dam safety is 
monitored  by  the  department  of 
water resources,  state engineer's 
office, or an equivalent agency in the 
executive  branch  of  government 
These agencies often determine the 
rules and regulations governing the 
design, construction, and   main 
tenance of dams. 
The state office of emergency pre 
paredness is also concerned with 
dam safety.. However, it deals mainly 
with planning for the protection of 
people - awareness, warning and 
evacuation planning.. Disaster (in 
cluding dam failure) response and 
recovery efforts are part of this 
program.. 
Federal government roles - The 
Federal Emergency Management 
Agency (FEMA) develops and main 
tains guidelines for dam safety 
policy, as well as programs for pre 
par·edness, emergency response and 
recovery planning and mitigation 
planning.. FEMA coordinates all 
federal dam safety programs, and 
otherwise promotes both federal and 
nonfederal programs to reduce the 
hazard posed by unsafe dams 
The Federal Energy Regulatory 

Commission (FERC) supervises the 
dam safety program mandated by the 
Federal Power Act. It issues rules 
and regulations to ensur·e that licensed 
projects ar·e adequately constructed, 
operated and maintained to protect 
life, health and property.. FERC' s 
jurisdiction includes dams at hydro 
electric projects on navigable streams 
or on federally owned land projects 
using surplus water or waterpower 
from federally owned dams; and 
dams affecting interstate or foreign 
commerce. 

 
 

The Department of the Army, Corps 
of Engineers, is authorized by the 
Federal Water Pollution Control Act 
of 1972 and the River and Harbor 
Act of 1899 to issue permits for work 
involving the nation's waterways. 
Under the National Dam Safety Act 
of 1972, the Corps, working with 
individual states, inventoried 68,153 
dams, inspected 8,818, and estab 
lished a list of hazard criteria.. 
Five agencies within the Department 
of Agriculture are involved with non 
federal darns. These include the 
Agricultural Stabilization and Con 
servation Service (ASCS), the 
Farmer's Home Administration 
(FMHA), the Forest Service, the 
Rur·al Electrification Administration 
(REA) and the Soil Conservation 
Service (SCS).. Technical engineerc 
ing is the responsibility of the Soil 
Conservation Service.. 
The U.S. Department of the Interior, 
Office of Surface Mining (OSM) 
provides support to state regulatory 
agencies that conduct dam inspection 
and monitoring as it relates to surface 
mining. The Department's Bur·eau of 
Reclamation also manages a pro 
gr·am of water development which 
includes providing water for irriga 
tion, the hydroelectric power indus 
try, and recreation. 
10.2..3 Consultants role in dam 
safety - A dam is a special kind of 
structure which is conceptually sim 
ple but made of many complicated 
components. Several engineering 
skills ar·e needed  to design, build, 
inspect and repair a dam, and it is 
uncommon that a dam owner has all 
of these technical skills.. Even if the 
dam owner did have these skills, it is 
unlikely that an owner could devote 

 

the time and effort necessary to do 
the work properly. Thus, private con 
sultants can play an important role in 
a dam safety program, and owners 
should consider contracting with 
consulting firms for assistance. 
When hiring a consultant, certain 
steps will insme that an owner obtains 
what is really needed The initial 
screening of possible con sultants 
should be based on pro fessional 
qualifications.. A list of consultants 
who have experience with dams may 
be available from the state office 
managing dam safety. The owner 
should then investigate the 
background and experience of the 
company and the specific experience 
of the individuals who will do the 
work 
The owner should be sure to define as 
clearly as possible the work to be 
done. Although some owners select a 
consulting firm based on qualifica 
tions and then work with the furn to 
define the work to be done, an owner 
can often define the scope of work 
himself, and then receive bids and 
proposals from several consultants.. 
This latter arrangement usually 
results in the lowest cost for a given 
piece of work. 
Ifmany of the items discussed in this 
guidebook ar·e new and unfamiliar to 
a dam owner, a consultant should be 
contacted immediately.. Professional 
consultants help conduct a proper 
and safe evaluation of a dam, and can 
help develop and execute an effective 
dam safety program.. Of course, a 
dam owner should have confidence 
in the consultant he hires.. When a 
consultant makes recommendations, 
they must be taken seriously. 
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APPENDIX B 
REPORT FORM 



DAM INCIDENT REPORT FORM 
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APPENDIX C 
GLOSSARY 

 
 
 
 

ABUTMENT 
That part of a valley side against which a dam is constructed. An artificial abut 
ment is sometimes constmcted as a concrete gravity section, to take the thrust of 
an arch dam where there is no suitable natural abutment. Right and left abut 
ments are those on respective sides of an observer looking downstream 

 
ACTIVE  STORAGE 
The volume of a reservoir that is available for power generation, irrigation, flood 
control, or other purposes .. Active stor age excludes flood surcharge.. It is the 
reservoir capacity less inactive and dead storages. The terms ""useful storage,'' 
"unable storage," or "working storage" are sometimes used but are not 
recommended 

 
AIRVENT PIPE 
A pipe designed to provide air to the outlet conduit to reduce turbulence during 
release of water  Extra air is usually necessary downstream of constrictions. 

 
APPURTENANT STRUCTURES 
Ancillary features of a darn, such as the outlet, spillway, powerhouse, tunnels, 
etc. 

 
AQUEDUCT 
An artificial channel for conveying water,ie. , a canal, pipe, or tunnel; hence the 
terms  "connecting aqueduct"  and "diversion aqueduct " 

 
ARCH DAM 
A concrete or masonry dam that is curved so as to tr ansmit the major part of the 
water pressure to the abutments.. 

 
Double Curvature Arch Dam 
An arch dam that is curved vertically as well as horizontally 

 
Arch Buttress Dam 
See Buttress Darn, 

 
Arch Gravity Dam 
See Gravity Darn 

 
AUXILIARY SPILLWAY 
See Spillway. 

 
AXIS OF DAM 
A plane or curved surface, arbitrarily chosen by a designer, appearing as a line in 
a plan or cross section to which the horizontal dimensions of the darn can 
be referred 

 
BACKWATER CURVE 
The longitudinal profile of the water surface in an open channel where the depth 
of flow has been increased by an obstruction, an increase in channel roughness, a 
decrease in channel width, or a flattening of the bed slope 

 
BASE WIDTH (Base Thickness) 
The maximum width or thickness of a darn measured horizontally between 
upstream and downstream faces and normal to the axis of the darn but excluding 
projections for outlets, etc 

 
BERM 
A horizontal step or bench in the sloping profile of an embankment darn 
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BLANKET 
 

Drainage Blanket 
A drainage layer placed directly over the foundation material. 

 
Grout Blanket 
See Consolidation Grouting 

 
Upstream Blanket 
An impe1vious layer placed on the reservoir floor upstream of a dam. Inthe 
case of an embankment dam, the blanket may be connected to the impe1me 
able element in a dam. 

 
BUTIRESS DAM 
A dam consisting of a wate1tight upstream face suppo1ted at inte1vals on the 
downstream side by a series of buttresses 

 
Arch Buttress Dam (curved Buttress Dam) 
A buttress dam that is cmved in plan 

 
Multiple Arch Dam 
A buttress dam whose upstr·eam  prut comprises a se1ies of ruches 

 
Cofferdam 
A temporruy structure enclosing all or prut of a construction ruea so that con 
struction can proceed in a diy ru·ea .. A "diversion cofferdam" diverts a liver 
into a pipe, channel, or tunnel. 

 
CONCRETE LIFT 
In concrete work the ve1tical distance between successive horizontal construc 
tion joints 

 
CONDUIT 
A closed channel for conveying discharge through or under  a drun. 

 
CONSOLIDATION GROUTING (Blanket GrouHng) 
The injection of groutto consolidate a layerof the foundation, resulting in greate1 
impe1meability and/or str·ength. 

 
CONSTRUCTION  JOINT 
The interface between  two successive  placings  or poms  of  concrete where a 
bond, not pe1manent separation is intended.. 

 
CORE WALL 
A wall built of impe1vious mateiial, usually concrete or asphaltic concrete, in the 
body  of an embankment  dam to prevent leakage. 

 
CREST GATE 
See Gate.. 

 
CREST LENGTH 
The length of the top of a dam, including the length of spillway, powerhouse, 
navigation lock, fish pass, etc.. where these structures fmm part of the length of a 
dam  If detached from a darn, these structUies should not be included.. 

 
CREST OF DAM 
The crown of an ove1flow section of a dam.. Inthe United States, the term "crest 
of dam" is often used when "top of dam" is meant To avoid confusion, the te1m 
"crest of spillway" and "top of drun" may be used to refer to the overflow section 
and the dam proper, respectively. 

 
CRIB DAM 
A gravity drun built up of boxes, c1ibs, crossed timbers, or gabions and filled with 
earth or  rock 



 

CULVERT 
(a) A drain or waterway built transversely under a road, railway, or embank 
ment, usually consisting of a pipe or covered channel of box section.. (b) A 
gallery or waterway constructed through any type of dam, which is normally dry 
but is used occasionally for discharging water; hence the terms "scour culvert," 
"drawoff culvert," and "spillway culvert." 

 
CURTAIN 
See Gmut curtain 

 
CURVED BUTTRESS DAM (Arch Buttress Dam) 
See Buttress Dam 

 
CURVED GRAVITY DAM 
See Gravity Dam. 

 
CUTOFF 
An impervious  construction  or material which reduces  seepage or prevents it 
from passing through  foundation  material. 

 
CUTOFF TRENCH 
An excavation later to be filled with impervious material to form a cutoff Some 
times used incorrectly to describe the cutoff itself. 

 
CUTOFF WALL 
A wall of impervious material (e..g., concrete, asphaltic concrete, steel sheet pil 
ing) built into the foundation  to reduce  seepage under the dam 

 
DAM 
A barrier built  acmss a watercourse  for  impounding or diverting the flow of 
water 

 
DEAD STORAGE 
The storage that lies below the invert of the lowest outlet and that, therefore, can 
not be withdrawn  from the reservok 

 
DESIGN FLOOD 
See Spillway Design Flood 

 
DIAMOND HEAD BUTIRESS DAM 
See Buttr·ess Dam. 

 
DIAPHRAGM 
See Membrane .. 

 
DIKE (Levee) 
A long low embankment whose height is usually less than 4 to 5 meters and 
whose length is more than 10 or 15 times the maximum height Usually applied 
to embankments or structures built to protect land from flooding. Ifbuilt of con 
crete or masonry the structure is usually refened to as a flood wall.. Also used to 
describe embankments that block areas on a reservoir rim that are lower than the 
top of the main dam and that are quite long. Inthe Mississippi Rive1basin, where 
the old French word levee has survived, the term now applies to flood pmtecting 
embankments whose height  can average up to  10 to 15 meters.. 

 
DIVERSION CHANNEL CANAL, OR TUNNEL 
A waterway used to divert water fmm its natural course.. These terms are 
generally applied to temporary structures such as those designed to bypass water 
around a dam site during construction. "Channel' is normally used instead of 
"canal" when the waterway is short.. Occasionally these te1ms are applied to 
permanent  structures.. 

 
DRAINAGE AREA 
An area that drains naturally to a particular point on a river 
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DRAINAGE LAYER OR BLANKET 
A layer of permeable material in a dam to relieve pore pressure or to facilitate 
drainage of fill 

 
DRAINAGE WELLS (Relief Well) 
A vertical well or borehole, usually downs1Ieam of impervious cores, grout cure 
tains, or cutoffs, designed to collect and direct seepage through or under a dam to 
reduce uplift pressure under or within a dam, A line of such wells forms a 
drainage curtain, 

 
DRAWDOWN 
The  lowering  of  water  surface  level  due  to  release  of  water  from   a 
reservoir.. 

 
EARTH DAM OR EARTHFILL DAM 
See Embankment Dam, 

 
EMBANKMENT 
A slope of fill material, usually earth or rock, that is longer than it is high The 
sloping side of a dam., 

 
Embankment Dam (Fiii Dam) 
Any   dam   cons1Iucted  of   excavated   natural   materials   or   of   industrial 
waste materials, 

 
Earth Dam (Earthflll Dam) 
An embankment dam in which more than 50% of the total volume is formed of 
compacted fine-grained material obtained from a borrow area, 

 
Homogeneous Earthflll Dam 
An embankment dam cons1Iucted of similar earth material throughout, except 
internal drains or drainage blankets; distinguished from  a  zoned  eartllltll dam, 

 
Hydraulic Fiii Dam 
An embankme)lt dam cons1Iucted of materials, often dredged, that are con 
veyed and placed by suspension in flowing water 

 
Rockflll Dam 
An embankment dam in which more than 50% of the total volume comprises 
compacted or dumped pervious  natur al or  crushed rock, 

 
Rolled Fiii Dam 
An embankment dam of earth or rock in which the material is placed in layers 
and compacted by using rollers or rolling equipment,, 

 
Zoned Embankment Dam 
An  embankment dam, of which is composed of  zones of selected materials 
having different degr,ees of porosity, permeability, and density,, 

 
EMERGENCY ACTION PLAN 
A predetermined plan of action to be taken to reduce the potential for property 
damage and loss of lives in an area affected by a dam break, 

 
EMERGENCY GATE 
A standby or reserve gate used only when the normal means of water con1Iol are 
not available,, 

 
EMERGENCY SPILLWAY 
See Spillway, 

 
ENERGY/DISSIPATING VALVE 
Any device consuucted in a waterway to reduce or destroy the energy of fast 
flowing water, 



 

EPICENTER 
The point  on the earth's surface directly  above  the focus of an earthquake.. 

 
FACE 
The external  surface of a structure, e..g.., the surface of a wall of a dam. 

 
FACING 
With reference to a wall or concrete dam, a coating of material, masonry or 
brick, for architectural or protection purposes, e. g, stonework facing, brickwork 
facing. With reference to an embankment darn, an impervious coating or face on 
the upstream slope of the dam.. 

 
FAILURE 
The uncontrolled  release of water from a darn.. 

 
FILTER (Fiiter Zone) 
A band or zone of granular material that is incorporated into a darn and is graded 
(either naturally or by selection) so as to allow seepage to flow across or down 
the filter without causing the migration of material from zones adjacent to 
the filter. 

 
FLASHBOARDS 
A length of timber, concrete, or steel placed on the crest of a spillway to raise the 
retention water level but that may be quickly removed in the event of a flood 
either by a tripping device or by deliberately designed failure of the flashboard or 
its supports.. 

 
FLOODPWN 
An area adjoining a body of water or natural stream that has been or may be 
covered by flood water. 

 
FLOODPLAIN MANAGEMENT 
A management program to reduce the consequences of flooding - either by 
natural runoff or by dam failur·e - to existing and future properties in a flood 
plain .. 

 
FLOOD ROUTING 
The determination of the attenuating effect of storage on a flood passing through 
a valley, channel, or reservoir.. 

 
FLOOD SURCHARGE 
The volume or space in a reservoir between the controlled retention water level 
and the maximum water level. Flood surcharge cannot be retained in the reset" 
voir but will flow over the spillway until the controlled retention water level is 
reached .. ( The term "wet freeboard" for describing the depth of flood surcharge 
is not  recommended;  see Freeboard). 

 
FLOOD WALL 
A concrete wall constructed adjacent to a stream for the purpose of preventing 
flooding of property on the landward side of the wall; normally constructed in 
lieu of or to supplement a levee where the land required for levee construction is 
expensive or not available. 

 
FOUNDATION OF DAM 
The natural material on which the dam structure is placed. 

 
FREEBOARD 
The vertical distance between a stated water level and the top of a darn. "Net 
freeboard," "dry freeboard," "flood freeboard," or "residual freeboard" is the 
vertical distance between the estimated maximum water level and the top of a 
dam. "Gross freeboard" or "total freeboard" is the vertical distance between the 
maximum planned controlled retention water level and the top of a dam.. (That 
part of the "gross freeboard" attributable to the depth of flood surcharge is some 
times referred to as the "wet freeboard," but this term is not recommended; it is 
preferable  that freeboard  be used with  reference  to the top of the dam. 
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GALLERY 
(a) A passageway within the body of a dam or abutment; hence the terms "grout 
inggallery,""inspection gallery," and "drainage gallery. "(b) A long and rather 
narrow hall; hence the following terms for a power plant "valve gallery," 
"transformer gallery," and "busbar gallery. " 

 
GATE 
A device in which a leaf or member is moved across the waterway from an exter" 
nal position to control or stop the flow.. 

 
Bulkhead Gate 
A gate used either for temporary closure of a channel or conduit to empty it for 
inspection or maintenance or for closure against flowing water when the head 
difference is small, e..g.,for diversion tunnel closure. Although a bulkhead gate 
is usually opened and closed under nearly balanced pressures, it nevertheless 
may be capable of withstanding a high pressure differential  when  in the closed 
position .. 

 
Crest Gate (Splllway Gate) 
A gate on the crest of a spillway to control overflow  or reservoir water 
level. 

 
Emergency Gate 
A standby or reserve gate used only when the normal means of water control is 
not available. 

 
Fixed Wheel Gate (Fixed Roller Gate, Fixed Axle Gate) 
A gate having wheels or rollers mounted on the end posts of the gate..  The 
wheels  bear against rails fixed in side grooves or gate guides.. 

 
Flap Gate 
A gate hinged along one edge, usually either the top 01 bottom edge.. Examples 
of bottom-hinged flap gates are tilting gates and belly gates, so-called due to 
thefr  shape in cross section 

 
Flood Gate 
A gate to control flood release from a reservoir. 

 
Guard Gate (Guard Valve) 
A gate or valve that operates fully open or closed. Itmay function as a second 
ary device for shutting off the flow of water in case the primary closur·e device 
becomes inoperable, but is usually operated unde1 balanced pressure, no 
flow conditions. 

 
outlet Gate 
A gate controlling the outflow of water from a reservoir. 

 
Radlal Gate (Tainter Gate) 
A gate with a curved upstream plate and radial arms hinged to piers or other 
supporting structures.. 

 
Regulatlng Gate (Regulating Valve) 
A gate or valve that operates under full pressure and flow conditions to throttle 
and vary the rate of discharge. 

 
Slide Gate (Sluice Gate) 
A gate that can be opened or closed by sliding it in supporting guides. 



 
 

GRAVITY DAM 
A dam constructed of concrete and/or masonry that relies on its weight for 
stability 

 
Arch Gravity Dam 
An arch dam in which part of the water pressw·e is tr·ansmitted to the abut 
ments by horizontal thrust and part to the foundation by  cantilever action. 

 
Curved Gravity Dam 
A gravity dam that is cwved in plan 

 
Hollow Gravity Dam (Cellular Gravity Dam) 
A dam that has the outward appearance of a standard gravity dam but that is of 
hollow construction. 

 
GROSS STORAGE (Reservoir capacity (Gross capacity of Reservoir) 
The gross capacity of a reservoir from the river bed up to maximum controlled 
retention water level. It includes active, inactive, and dead storage. 

 

GROUT BLANKET 
See Blanket. 

 
GROUT CAP 
A concrete pad or wall constructed to facilitate presswe grouting of the grout 
curtain beneath it 

 
GROUT CURTAIN (Grout Cutoff) 
A barrier produced by iajecting grout into a vertical zone, usually narrow 
horizontally, in the foundation to reduce seepage under a darn.. 

 
HEIGHT ABOVE LOWEST FOUNDATION 
The maximum height from the lowest point of the general foundation to the top of 
the  dam 

 
HYDRAULIC HEIGHT 
The height to which water rises behind  a dam and the difference between the 
lowest point in the original str·earnbed at the axis of the dam and the maximum 
controllable  water  surface 

 
HYDROGRAPH 
A graphic representation of dischar·ge, stage, or other hydraulic property with 
respect to time for a particular point on a stream. (At times the term is applied to 
the phenomenon the graphic representation describes; hence a flood hydrograph 
is the passage of a flood discharge past the observation point ) 

 
INACTIVE STORAGE 
The storage volume of a reservoir measwed between the invert level of the 
lowest outlet  and minimum  operating level. 

 
INCLINOMETER (lnclometer) 
An instrument, usually consisting of a metal or plastic tube inserted in a drill hole 
and a sensitized monitor either lowered into the tube or fixed within the tube.. 
This measures at different points the tube's inclination to the vertical.. By integr a 
tion, the lateral position at different levels of the tube may be found relative to a 
point, usually the top or bottom of the tube, assumed to be fixed. The system may 
be used to measwe settlement 

 
INTAKE 
Any structure in a reservoir, dam, or river through which water can be drawn into 
an aqueduct 
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INTENSITY SCAlE 
An arbitrary scale used to describe the severity of earthquake-induced shaking at 
a particular place.. The scale is not based on measurement but on direct observa 
tion.. Several scales are used (e..g., the Modified Mercalli scale,the MSK scale) 
all with grades indicated by Roman numerals from I to XII 

 
INTERNAL EROSION 
See Piping. 

 
INUNDATION MAP 
A map delineating the area that would be inundated  in the event of a dam 
failure.. 

 
LEAKAGE 
Unconttolled loss of water by flow through a hole or crack. 

 
LINING 
With reference to a canal, tunnel, shaft, or reservoir, a coating of asphaltic con 
crete, reinforced or unreinforced concrete, shotcrete, rubber or plastic toprovide 
watertightness, prevent erosion, reduce friction, or support the pe1iphery of the 
structure.. May also refer to lining, such as steel or concrete, of outlet pipe 
or conduit 

 
UVE STORAGE 
The sum of active and inactive storage volumes. When there is no inactive 
storage, as in some irrigation reservoirs, the terms "live storage" and "active 
storage" are equivalent. 

 
LOW LEVEL OUTLET (Bottom outlet) 
An opening at a low level from a reservoir generally used for emptying or for 
scouring sediment and sometimes for irrigation releases.. 

 
MAGNITUDE (see also Richter Scale) 
A rating of an earthquake independent of the place of obse1vation. It is 
calculated from seismographic measurements and is propedy expressed in 
ordinary numbers and decimals based on a logarithmic scale. Each higher num 
ber expresses an amount of earthquake ene1gy that is 10 times greater than that 
expressed by the preceding lower number, e..g., a magnitude 6 earthquake has 10 
times more energy than a magnitude 5 .. 

 
MASONRY DAM 
A darn constructed mainly of stone, b1ick, or concrete blocks that may or may 
not be joined with mmtar. A darn having only a masomy facing should not be 
referred to as a masomy darn. 

 
MAXIMUM CREDIBLE EARTHQUAKE (MCE) 
The severest earthquake that is believed to be possible at a site on the basis of 
geologic and seismological evidence. It is determined by regional and local 
studies including a complete review of all historic earthquake data of events suf 
ficiently nearby to affect the site, all faults in the ar·ea, and attenuations due to 
faults to the site. 

 
MAXIMUM CROSS SECTION OF DAM 
A cross section of a darn at the point of maximum height of the darn. 

 
MAXIMUM WATER LEVEL 
The maximum water level, including flood sur·charge, the darn is designed 
to withstand. 

 
MEMBRANE  (Diaphragm) 
A sheet or thin zone or facing made of a flexible material that is sometimes 
referred to as a diaphragm wall or diaphragm.. 



 

MINIMUM OPERATING LEVEL 
The lowest level to which the reservoir is drawn down under normal operating 
conditions .. 

 
MORNING GLORY SPILLWAY 
See Spillway 

 
NORMAL WATER LEVEL 
For a reservoir with a fixed overflow sill the lowest crest level of that sill. For a 
reservoir whose outflow is controlled wholly or partly by movable gates, siphons 
or other means, it is the maximum level to which water may rise under normal 
operating conditions, exclusive of any provision for flood surcharge. 

 
OPERATING BASIS EARTHQUAKE 
A hypothetical earthquake used for design purposes. A more moderate standard 
than the Maximum Credible Earthquake (see), it is based on regional and local 
geology and seismology studies and is considered likely to occur during the life of 
the darn. 

 
ONE-HUNDRED YEAR (100-Year) EXCEEDANCE INTERVAL 
The flood magnitude el{pected to be equalled or exceeded on the average of once 
in 100 years .. It may also be expressed as an exceedance frequency with a per· 
cent chance of being exceeded in any given year. 

 
OUTLET 
An opening through which water can be freely discharged from a reservoir. 

 
OVERFLOW DAM (Overtoppable Dam) 
A darn designed to be overtopped. 

 
PARAPET WALL 
A solid wall built along the top of a darn for ornament, for the safety of vehicles 
and pedestrians,  or  to prevent overtopping. 

 
PEAK FLOW 
The maximum instantaneous discharge that occur·s during a flood. It is coinci· 
dent with the peak of a flood hydrograph 

 
PERVIOUS ZONE 
A part  of the  cross  section of  an  embankment  darn  comprising  material  of 
high permeability .. 

 
PHREATIC  SURFACE 
The free surface of groundwater  at atmospheric pressure.. 

 
PIEZOMETER 
An  instrument   for   measuring  pore  water  pressure   within   soil,  rock,   or 
concrete. 

 
PIPING 
The  progressive   development   of   internal   erosion   by   seepage,   appearing 
downstr·earn  as a hole or seam discharging water that contains soil particles. 

 
PORE  PRESSURE 
The interstitial pressur·e of water within a mass of soil rock, or concrete. 

 
PRESSURE CELL 
An instrument for measuring pressur·e within a mass of soil, rock, or concrete or 
at an interface between  one and the other. 

 
PRESSURE RELIEF PIPES 
Pipes used to relieve uplift or pore water pressur·e in a darn foundation or in the 
darn structure. 
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PROBABLE MAXIMUM FLOOD (PMF) 
A  flood  that  would  result  from  the  most  severe  combination  of  critical 
meteorologic and hydrologic conditions possible in the region. 

 
One-Half PMF 
A flood with a peak flow equal to one-half of the peak flow of a probable max 
imum flood.. 

 
PROBABLE MAXIMUM PRECIPITATION (PMP) 
The maximum amount and duration of precipitation that can be expected to 
occur on a drainage basin.. 

 
PUMPED STORAGE RESERVOIR 
A reservoir filled entirely or mainly with water pumped from outside its natural 
drainage area.. 

 
REGULATING DAM 
A dam impounding a reservoir from which water is released to regulate the flow 
in a river, 

 
REUEF WELL 
See Drainage Well. 

 
RESERVOIR AREA 
The  surface  area  of   a  reservoir  when  filled  to  controlled  retention  water 
level 

 
RESERVOIR ROUTING 
The computation by which the interrelated effects of the inflow hydrograph, 
reservoir storage, and discharge from the reservoir are evaluated.. 

 
RESERVOIR SURFACE 
The surface of a reservoir at any level. 

 
RICHTER SCALE 
A scale proposed by CF. Richter to describe the magnitude of an earthquake by 
measurements made in well-defmed conditions and with a given type of seis 
mograh. The zero of the scale is fixed arbitrarily to fit the smallest recorded 
earthquakes.. The largest recorded earthquake magnitudes are near· 8.7 and are 
the result of observations and not an arbitrary upper limit like that of the intensity 
scale.. \ 

 
RIPRAP 
A layer of large uncoursed stones, broken rock, or precast blocks placed inran 
dom fashion on the upstream slope of an embankment dam, on a reservoir shore, 
or on the sides of a channel as a protection against wave and ice action. Very 
large riprap is sometimes referred to as armoring. 

 
RISK ASSESSMENT 
As applied to dam safety, the process of identifying the likelihood and conse 
quences of dam failure to provide the basis for informed  decisions  on  a course 
of action. 

 
ROCKFILL DAM 
See Embankment  Dam. 

 
ROLLCRETE , 
A no-slump concrete that can be hauled in dump trucks, spread with a bulldozer 
or grader, and compacted with a vibratory roller. 

 
SEEPAGE 
The interstitial movement of water that may take place through a darn, its foun 
dation, or its abutments. 



 
 

SEEPAGE COUAR 
A projecting collar, usually of concrete, built around the outside of apipe, tunnel, 
or conduit under an embankment darn, to lengthen the seepage path along the 
outer surface of the conduit. 

 
SILL 
(a) A submerged structure across a river to control the water level upstream. (b) 
The crest of a spillway.. (c) A horizontal gate seating, made of wood, stone, con 
crete or metal at the invert of any opening or gap in a structure, hence the 
expressions "gate sill" and Hstoplog sill " 

 
SLOPE 
(a) The side of a hill or mountain.. (b) The inclined face of a cutting or canal or 
embankment. (c) Inclination from the horizontal. In the Untied States,  it is 
measur·ed as the ratio of the nwnber of units of horizontal distance to the nwnber 
of corresponding units of vertical distance. The term is used in English for any 
inclination and is expressed as a percent when the slope is gentle, in which case 
the term "gradient" is also used.. 

 
SLOPE PROTECTION 
Ihe protection of a slope against wave action or erosion. 

 
SLUICEWAY 
See low-level  outlet 

 
SPILLWAY 
A structure over or through which flood flows are discharged. If the flow is con 
trolled by gates, it is a controlled spillway; ifthe elevation of the spillway crest is 
the only control, it is an uncontrolled spillway.. 

 
Auxlllary  Splllway (Emergency Spillway) 
A secondary spillway designed to operate only during exceptionally large 
floods. 

 
Fuse Plug Splllway 
An auxiliary or emergency spillway comprising a low embankment or a 
natural saddle designed to be overtopped and eroded away during a very rar·e 
and exceptionally Iar·ge flood. 

 
Primary Splllway (Prlnclpal Splllway) 
The principal  or first-used spillway during flood flows. 

 
Shaft Spillway (Momlng Glory Splllway) 
A vertical or inclined shaft into which flood water spills and then is conducted 
through, under, or around a darn by means of a conduit or tunnel. Ifthe upper 
part of the shaft is splayed out and terminates in a circular horizontal weir, it is 
termed a "belhnouth" or "morning glory" spillway.. 

 
Side Channel Splllway 
A spillway whose crest is roughly parallel to the channel immediately 
downstream of the spillway 

 
Siphon Splllway 
A spillway with one or more siphons built at crest level. his type of spillway 
is sometimes used for providing automatic surface-level regulation within 
narrow limits or when considerable discharge capacity is necessary within a 
short period of time.. 

 
SPILLWAY CHANNEL (Splllway Tunnel) 
A channel or tunnel conveying water from the spillway to the river 
downstr·earn. 
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SPILLWAY DESIGN FLOOD (SDF) 
The largest flood that a given project is designed to pass safely. Ihe reservoir 
inflow-discharge hydrograph used to estimate the spillway discharge capacity 
requirements and  corresponding maximum surcharge elevation in  the reservoir,, 

 
STIWNG BASIN 
A basin constructed to dissipate the energy of fast-flowing water, e,,g,, from a 

spillway or bottom outlet, and to protect the river bed from erosion, 
 

STOPLOGS 
Large logs or timber or steel beams placed on top of each other with their ends 
held in guides on each side of a channel or conduit providing a cheaper or more 
easily handled temporary closure than a bulkhead gate,, 

 
STORAGE 
The retention of water or delay of runoff either by planned operation, as in a 
reservoir, or by temporary filling of overflow areas, as in the progression of a 
flood crest through  a natural  stream  channel, 

 
STORAGE  RESERVOIR 
A reservoir that is operated with changing water level for the purpose of storing 
and releasing  water 

 
TAILRACE 
The tunnel, channel, or conduit that conveys the discharge from the turbine to 
the river; hence the terms "tailrace tunnel" and "tailrace canal." 

 
TAILWATER  LEVEL 
The level of water in the tailrace at the nearest free surface to the turbine or in the 
discharge  channel immediately  downstream  of the dam 

 
TOE OF DAM 
The junction of the downstream face of a dam with the ground surface, also 
referred to as downstream toe, For an embankment darn the junction of the 
upstr,earn face with ground surface is called the upstream toe,, 

 
TOP OF DAM 
Ihe elevation of the uppermost surface of a darn, usually a road or walkway, 
excluding any parapet wall, railings, etc,, 

 
TOP THICKNESS (Top Width) 
The thickness or width of a dam at the level of the top of the dam, Ingeneral, the 
term "thickness" is used for gravity and arch dams and "width" is used for 
other dams,, 

 
TRANSITION ZONE (Semlpervlous Zone) 
A part of the cross section of a zoned embankment darn comprising material of 
intermediate size between that of an impervious zone and that of a permeable 
zone, 

 
TRASH RACK 
A screen located at an intake to prevent the ingress of debris,, 

 
TUNNEL 
A long underground excavation usually having a uniform cross section, Types of 
tunnel include: headrace tunnel, pressure tunnel, collecting tunnel, diversion tun 
nel, power tunnel, tailrace tunnel, navigation tunnel, access tunnel, scour tunnel, 
drawoff tunnel, and spillway tunnel. 

 
UNDERSEEPAGE 
The interstitial movement of water through a foundation,, 



 

UPLIFT 
The upward pressw·e in the pores of a material (interstitial pressw·e) or on the 
base of a structure.. 

 
UPSTREAM  BlANKET 
See Blanket. 

 
VALVE 
A device fitted to a pipeline or orifice in which the closure member  is either 
rotated or moved transversely or longitudinally in the waterway so as to control 
or stop the flow. 

 
WATERSHED DIVIDE 
The divide or boundary between  catchment areas (or drainage ar·eas).. 

 
WATERSTOP 
A strip of metal, rubber, or other material used to prevent leakage through joints 
between adjacent sections of concrete. 

 
WEIR 
(a) A low darn or wall built across a stream to raise the upstream water level, 
termed fixed-crest weir when uncontrolled .. (b) A structure built across a stream 
or charmel for the pwpose of measuring flow, sometimes called ameaswing weir 
or gauging weir .. Types of weir include broad-crested weir, sharp-crested weir, 
drowned weir, and submerged weir 
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