Disclaimer

The document is offered as a general guidance document and some sections may not be
consistent with the draft Dam Safety Regulations or apply to all dams. Please contact the Dam
Safety Program if you have any questions regarding the applicability of the guidance document

to your dam.
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FOREWORD

Az a safety guide for dam owners,
this manual includes imporiant steps
that dam owners can take on a direct
and indirect basis 10 reduce the con-
sequences of dam failure. The bene-
ficiaries of such programs include
both the general public and the dam
owners themselves,

Although dams and rescryoirs are
important components of the nationat
infrastructure, existing dams are get-
ting older and new dams are being
built in harardous areas, At the same
time, development continues in
potential  inundation zomes down-
stream from dams. More people are
at risk from dam [lailure than ever
before despite beller engineering and
construction methods, and continued
loss of lives and property from dam
failores must be expected.

Many different people and organiza-
lions now contribute to dam safety,
and many are striving to improve the
national record. In addition, signifi-
cant contribulions to dam safety can
be made by the owners themse]ves,
Therefore, the authors strongly urge
continued reference to and use of this
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marueal, I but one life is saved
through the application of the puide-
lines discussed in this mamual, the
effort involved in its development
will be fully justified,

This manual stresses the imporlance
t: the darmm owner of the development
and active pursuit of a dam safety
program criented to the specific dam
structure and site. Also emphasized
are those public policy measures
which the dam owner may be able to
irfluence indirectty. These include
land use decisions, public dam safety
awareness and community warning
and evacuation planning. All are
steps that can miligate life and prop-
erty loss,

Appendix E, an integral part of the
manual, provides space for each state
by incorporate references to or dis-
cussions of individual state faws and
policies relating to dam safety, Of
course, If any portion of this manual
is in conflict with individual state
policies ar statutes, the lalter apply.
Each stale is encouraged to include
this information prier to disseming-
tion of the manual.
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AN AFPROACH TO
DAM SAFETY

There is an wrgent and continuing
need for dam salety in the United
States because of thousands of dams
are new in place across the ULS. and
many more are being built each vear.
These dams are essential elements of
the national infrastructure, but the
public risk in case of failure is grear;
large and prowing numbers of lives
angd valusble properties are at stake,
Although there are many who are
concerned about dam safety, legal
and moral responsibility essentiafly
rests with the dam owner.

Dam owners seérve soclety by meet-
ing important national needs and of
course, may also profit from dam
operations, However, these reasons
do not justify the utility and eFfective-
ness of ownership if the owner cannot
provide safety for people and prop-
erly. The cosls of dam safety are
small in comparison o those which
follow darm failure, particularly in oor
madern “litigious™ society, Liability
due to fallure could easily offset
years of profiability,

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
18 ditectly related to the dam strue-
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 nomally constructed
of earthfilt or concrete. Tt is impor-
tant that 3 dam owner be aware of Lhe
differcnt types of dams, essential
componenl parts of a dam, imporant

physical conditions likely to influence
the dam, and how the key com-
potents lunetion,

HAZARDS, RISK, FAILURES

Present national loss statistics from
darm failure fully justify the need for
dam owners to better understand the
public risks involved with dam
ownership, the kinds of hazards that
prornote these risks and the reasons
why dams fail. Public risk is high
because people have been allowed to
setile below dams in potential inun-
dation zones anyl because new dams
are being buill in less than ideai
sites.

Other elements of risk include natueral
phenomena such as Moods, earth-
quakes and landslides. These hazands
threaten darn structures and their sur-
roundings. Floods that excesd the
capacity of a dam’s spitlway and then
ercde the dam or abutments are par-
ticularly hazardous, as 13 seismic
aclivity that may cause gracking or
seepage. Similarly, debns from land-
slides may block a dam’s spillway
and cause an overflow wave that
erodes the abutments and wltimately
weaken the structure,

The Intemational Commission of
Large Dams (ICOLD) has deter-
mined that the three major categories
of dam failure are overtopping by
flood, foundation defects and piping.
For carthen dams, the major reason
for failure was piping or seepage. For
concrete dams, the major reasons for
fajlure were associated with foun-
dations, Owvertopping was a signifi-
cant cause of dam failure primarily in
cases where there was an inadequate
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. Buch a program must be
buased on a safety evaluation to deter-



mine a dam’s structural and opera-
tional safety, The evaleation should
identify problems and recommend
either remedial repairs, operational
restictions and maodifications, or fur-
ther anailyses and studies todetermine
solutions.

A safety program comprises several
components that address the spec-
trom of passible actions to be taken
over the short angd long term. Devel-
opment of a safety program involves
& phased process beginning with
caliection 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 sericusness of
problems identified by the initial
assessment, professional assistance
by qualified engineers and contrac-
tors may be required

Information presented in this manoal
provides direction on how to procesd
with establishing an action to increase
the salety of a dam. The disgussion
details technicat and procedural
compenents 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,
gperations, and monitoring, The pro-
gramn is cyclical recognizing the need
for continued vigilance. Emergency
action can hopefolly be avoided, but
a well thought out pian of action in
case of imminent or actual failure can
greatly reduce damage and possible
loss of life.

INSFECTION GUIDELINES

An effective inspection program is
cssential to identify problems and o
provide for safe maintenance of a
dam. The inspection program should
involve three types of inspections:
(1) periodic technical inspections,
(2) periodic maintenance inspec-
tions, and (3} informal observations
by project personnel as they operate
the dam. Technical inspections in-
volve spoccialisis familiar with the
design and construetion of dams and
include assessments of  structure
safely. Mainlenance 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 effart by on-
gite project personned {dam tenders,
powerhouse operators, maimtenance
personnel) performed in the course of
their normal duties,

INSTRUMENTATION
AND MONITORING
GUIDELINES

Instrumentation of 3 dam Furmishes
datz to determine if the completed
struecture is Runctioning as intended
and provides a cominuing sor-
veillance of the structure o warm of
any unsafe developments.

Means and methods available (@
monitor physical pheoomena that
can lead to 2 dam failure include a
wide spectrum of instruments and
procedures ranging from very simple
to very complex. Any program of
dam safety instrumentation nst
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 hydraulic factors present
both before and after the project is in
operation. Instrumentation designed
for monitoning potential deficiencies
at existing dams must take into
acgaunl the threal 1o life and prop-
erty that the dam presenis. Thus, the
extent and nature of the instrumenia-
tion depends not onfy on the com.
plexily of the dam and the size of the
reservoir, but also on the potential for
loss of life and property downsiream,

An instrementation program shouold
involve instruments and cvaiuation
methods that are as simple and
siraightforward as the project will
alow, Morcover, the dam owner
should make a definite cormmitment w
a continuing monitoring program; if
the program iy not continuing, the
ingtallation of instruments and proce-
dures will be wasted, Obviously, the
invalvement of gualified personnel in
the design, installation, monitoring,
and evaluation of an instrementation
system 15 of prime importance to the
success of the program.

Instrumentation and propet monitor-
ing and evaluation are exiremely
vaiuable in determining the perform-
ance of a dam. Specific information

that iostrumentation can  provide
includes;

» Waming of a problem

# Definition of and analvzing a

problem
¢ Proof that behavior is as expected
¢ Remedial  action  performance
evaluation

MAINTENANCE GUIDELINES

A pood maintenance program will
protect a dam against deterioration
and prolong its life. A poorly main-
tained dam wilt deterigrate and can
fail. MNearly all the camponents of a
dam and the matcrials used for dam
construction are susceptible o dam-
aging deterioration if not properly
maintained. A& good maintenance
program provides not only protection
for the owner, but for the general
public as well. Furthermare, the cost
of a3 proper maintenance program is
small compared 1o the cost of major
repairs or the loss of life and property
and resultant litigation against the
dam owner. A dam owner should
develop a basic maintenance pro-
gram based primarily on systematic
and frequent inspections. Inspec-
tions, as noted in Chapter 5, should
be done monthly and after major
flood or earthquake events. Dwring
each inspection, a checklist of items
calling for maintenance should be
used,

EMERGENCY ACTION PLAN
GUIDELINES

Although mosi dam osvners have a
high level of confidence in the struc-
lures they own and are cartain their
dams will not fail, history has shown
that on occasion dams do fail and that
often these failures cause loss of life,
injuries and extensive property dam-
age. A dam owner should prepare for
this possibility by developing an
emergency action plan which pro-
vides a systernatic means to:

e [dentify emergency conditions
threatening a dam

& Expedite effective response actions
to prevent failure

& Reduce loss of life and propery
damage should failure occour

A dam owner is responsible for pre-
paring a plan covering these measures
and listings actions that the owner
and gperating personnel should take.
He should be familar with the local
government officials and agencies
responsible for warning and evacuat-
ing the public,
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CHAPTER 1

AN APPROACH TO DAM SAFETY

1.0 GENERAL

This manual is a safety guide for dam
owners. There is a eritical and con-
tinuing need for dam safety because
of the thousands of dams now in
place and the many new dams built
each year. Alihough these Jdams are
essential elements of the national
infra-structure, the risks to the public
posed by their possible failure are
great; large and growing number of
lives and valuable property are at
stake. Although there are many who
are concerned about dam safety,
legal and moral responsibility essen-
tially rests with the dam owner,

1.4 URGENCY FOR SAFETY

The critical need for dam safely is
clear. World and national statistics
on dam failures show an unaccept-
able record of losses in both lives and
praperty. The International Commis-
sion on Large Dams (ICOLD)
reports that more than 8000 pecple
have dizd so far this century hecause
of the failure of major dams. The
record for U.S. losses from major
dara failures in recent years, shown
in Tabie 1.1 is also not encouraging.
Actual national losses are mauch
higher than indicated because the
statistics shown cover neither small
dam failures nor many combinations
of dam failure and natural Rooding
evants. A more specilic examination
of the national experience shows that
over an 1B-year period (1965-1953)
thirty lesser failures, or serious
incidents that almost led to failure,
occurred in Colorado. The Johns-
town, Pennsylvania disaster of 1889
is regarded as one of the nation's
great calastrophes, and the patential
for future similar catastrophes due to
dam failure remains strong. Ooly a
cooperative cffort in dam safety
involving owners and communitics
can lessen this potential.

1.2 DAM OWNERSHIP AND
SAFETY

This manual can be applied to dams
owned and operated by a wide range
of organizations and people, includ-
ing stale and local povernments,
public and private agencics, and
private citizens. Typical reasons for
building dams include water storage
for human consumption, agricullural
production, power generation, flood
eontrol, reduction of soil erosion and
recreation, Thus, dam owners serve
socicty by meating important national
recds and may alo personaliy profit
from dam operations. Howaver,
these are not sufficient reasons for
building ot owning adam if the owner
cannot provide safely for people and
properly  in  potential  inundation
zones.

In both financial and moral lerms,
successful dam ownership and the
maintenanee of safety standards go
hand in hand. Investment in dam
safety should be accepted as an
integral part of project costs and not
viewed as an expendable item that
can be climinated if a budget becomes
tight {Jansen, 19800 The costs of
dam safety acc small in companson
1o those which follow dam (milure,
particularly in out modern “litigious™
sociely, Liability due to a Failure
would probably negale vears of
potential profits, Many different con-
cerns and possible rewards result
from dam ownership, but in the end,
success will be in large part measured
by a continuing record of dam
safely.

1.3 THE INCREASING
COMPLEXITY OF THE DAM
SAFETY PROBLEM

As national aeceds for water intensify
and the vatue of waler incroascs,
more dams are being built, Al the
same Litne, many exisling dams are
teaching or passing their design life
spans and, for various reasons, peo-
ple continuc Lo settle near dams.
Further, as builders are forced to use
poorer sites for dams, the job of pro-
tecting life and property becomes
more  difficult, Therefoere, as dam
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construction continues and the pop-
ulation grows, exposure of the public
to dam 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 laws,
statutes and regnlations that place an
increased burden of responsibility on
the dam owner, In most states, dam
owners are held strictly liable for
losses or damages resulting from dam
failure. Concurrently, liability insur-
ance costs have risen rapidiy.

1.4 AN APPROACH TO
DAM SAFETY

An gwaer should be aware of and use
bath direel and indirect means of
achieving dam safety. He can, of
course, monitor and work on factors
divectly in his control (example,
structural integrity), and these direct
eflorts are detailed below. However,
the owner may alse influence govem:-
mental policy and work lor positive
change in statutes and laws that
affect dam safety (example, zoning
laws). Such indirect influence by an
owner could result in a significant

TABIE 1.1

Loss of Life and Property Damage from MNotable U.S, Dam Failures,
1963-1983
Mame & Location Date of Nomber of Damages
of dam failure lives last .

Mohegen Park, Coon Mar 1963 & 53 million

Linle Deer Creck, Ulah June 1963 1 Summer ¢abins damaged,

Raldwin Hills, Calil. Diec 1963 5 41 howses destroyed, 386 houses
damaged. |00 apartment build-
ings darmaged,

Swift, Mom. June 1964 14 Unknown

Lower Twis Medicing, Mant. June 1968 1 Unknown

Lre Lake, Mass. Mar 1968 2 6 houses destroyed 20 houses
durnaged, | manufecturing plant
damaged or destroyed.

Buffale Creek, West Wa. Feb 1972 125 546 houses destroyed, 338
houses damagad

Lake 0" Hils, Ark, Apr 1972 | Unknown.

Canyon Lake, 5, Dak. June 1972 13 Unable 10 assess damage

' because dam (aflure acoom-
panied damage caused by natural
fooding.

Bear Wallow, M.C. Feb 1976 4 | house destroyed.

Tewon, Idaha June 1974 11 T71 houses destroved, 3002
houses damaged, 246 husiness
damaged or destroyed,

Laurel Run, Pa. Tuly 1977 ki " B houses destroyed, 19 houses
damaged,

Sandy Run and 3 others, Pa July 1377 L Urnknown,

Kelly Harnes, Ga. Mav 15974 g 9 houses, 18 house trailers and 2
collepe building: destroved, &
houses, 5 college buildings
damagesd.

Swimming Fool, M.Y. 1979 4 Unkncsm.

Abouwt 20 dams in Coon. June 1952 0 Unknown

Lawn Lake, Colo., July 1982 3 18 bridges destroved, 117
husingszes and 108 houses
damaged. Campgrounds, Rsh-
erigs, power plant damaged

DMAT, Uiah

June 1333

Scurcé: Graham, 1983

1 Tnknowm.

contribution 1o the reduction of the
likelihood and consequences of dam
failure and thus, to overall com-
munily safety.

Liability, insurance 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 dam’s physical and
social environment, including know!-
edge of natural and technological
hazards that threaten the dam,
understanding of the developing
human settlement patterns around
the dam, and understanding of other
events that can lead to siructural
failore. These indirect megans of
achieving dam safety are covered in
more detail in Chapters 2, 3 and
10.

Dam owners, can also influence the
safety of dams in more direct ways.
Orwners can &nd should develop their
own safety programs. These pro-
grams should include such important
clements as inspection, monitoring
through  instrumentation,  main-
tenance, emergency action planning,
and proper operation. Such a pro-
gram is divectly related to a specific
dam's structore and its immediae
environment and depends on the
owner's knowledge of the dam and
how it works, Chapter 2 stresses the
need for owner's knowledge about
the dam, while Chapters 4 through 9
cover the development of 2 dam
owner's safety program,



CHAPTER 2

INTRODUCTION TO DAMS

2.0 GENERAL

The purpose of a dam iz lo impound
(store} water for any of several
reasons, &g, food contrel, human
water supply, imgalion, livestock
water supply, energy gencralion, rec-
reation, or poliution control. This
manual primarily concenirales oh
carthen dams which constitute the
majority of struclures in place and
under development.

2.1 THE WATERSHED SYSTEM

Water from raimfall or snowmelt
naterally runs down hill into a stream
valley and then inio larger streams or
other bodies of water. The “watershed
sysiem” refers to the drainage pro-
cess throuph which rainfall or snow-
melt is collected into a particular
stream valley ducing natural runoff
(directed hy gravily). Dams con-
stucted across such a valley then
impound the runoff water and release
it at a controlled rate. During periods
of high runcff, water stored in the
reservolr  typically increases and
overffow thmough a spillway may
occur, During perods of low runoff,
reservoir levels uosually decrease.
The dam owner can normally conlrol
the reservoir level to some degree by
adjusting the quantity of water
released by the dam. [ownstream
from the dam, the skream contiues
o exist, but because the quantiiy of
waler flowing is nomally controlled,
very high unoffs {(floods) and very
low runofis {drought pericds) are
avoided.

2.2 TYPES OF DAMS

Dams may be either man-made or
gx1sl because of natural phenomena,
such as landslides or glacial depost-
tion. The majority of dams are man-
made siructures normally constructed
of carthfill or concrete. Naturally
eccurnng lakes may also be modified
by adding a spillway to provide safe,
efficient release of excess water ltom
the resulling 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 constmclion
materials wsed, 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 i, the means used lor
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 2.1, Nearly
all dams possess the features
shown or variations of these
featares. 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

malerials used for constructlion
of dams include earth, rock,
tailings from mining or milling,
concrete, masoncy, steel, timber,
miscellaneous malerials (such as
plastic or rubber), and any com-
bination of these materials,

1. Embarkment Dams - Em-
banlunent dams are the most
common Lype of dam in use
today. They have the general



The 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
from which the dam is made,

2. Concrete Dams - Concrete
dams may be categorized into
pravity and arch dams ac-
cording to the designs used to
resist the stress duc to reser-
voir waler pressure. A con-
crele gravity dam {shown in
Fipure 2.3) is the most com-
mon form of conerete dam. [n
it, the mass weight of the con-
crele and friction resist the
Teservoir 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 o the dam founda-
tion through vertical or
sloping bultresses. Gravily
dams are constracted of non-
reinforced vertical blocks of

i cancrete with flexible seals in
Flgure 2.1 Typical Dam Site 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

capahility is due Lo the low

permeability of the entire

mass (in the case of a SV
homogeneous embankment) -
orof 2 zone of low-permeability E——
material {ip the case of a
zoned embankment dam).

Malerials used for embank-
ment dams include natural
soil or rock obiained from
borrow areas or néarby quar-
rncs, or waste matenals .
obtained lrom minimg or mill- :
ing cperations, If the natural .
tnaterial has a high per- f.’b
meability, then & zone of very - -

low permcability material

must be included in the dam

to Tetain water,

An embankment dam 15 termed

an earthfill” or “rockRll” Figure 2.2 Embankmenl Dam
dam depending oo whether i

is comprised mosty  of

compacted earth or mostly

compacted or dumped per-

vious rock,
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Concrete arch dams are typ-
ically rather thin in cross-
section (Figure 2.4}, The
Teservoir water forces Acting
oo an arch dam are carried
laterally into the abutments,
The shape of the arch may
resemble asegment of a circle
or an ellipse, and the arch
may be cunved in the vertical
plane as well, Such dams are
usually constructed of a seres
ot thin vertical blocks that are
keved logether, waterstops
are provided botweesn  the
blacks, VYariations of arch
dams mclude mulu-arch dams
in which more than one cur-
ved section s used and arch-
gravity dams which combine
some  features of the two
types of dams.

A recently developed method
for constructing concrele grav-
ity dams involves Lthe use of a
relatively weak concrete mix
which is placed and compact-
ed in a manner similar to that
uszed for earthfill dams. This
“roller  compaction”  con-
strucltion technique has the
advantage of both decreased
cosl and time. In addiion,
there are no joints where
secpaprs could oour.

. Gther Types - Varous con-

strection technigues could be
sed in a single dam, For
crample, a dam could inchade
an carth or rockfill embank-
ment as well a5 a portion
made of concrete. In such a
case, the concrete  saction
would normally comain the
spillway  or other outlet
warks.

Cther comstruction materials
such as timber or timber
Faced with steel sheeting have
been used for dam construc-
ton in the past. In other
cases, crib wabtls constructed
of timber, steel, or steel mesh
filled with soil or ok were
used. In addition, many 1ypes
af cmbankment and crib-wall
dams employed a congrete or
ather impermeable facing to
aie] inwater retention. Masonry
dams {usually designed as
gravity dants} were also pop-
ular abou, UK years ago.



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

Some dams are constucted
for special purposes such to
divert waler or pemmit con-
struction of other facilities in
river valleys. These dams are
termed diversion dams and
cofferdams, respectively.

2.3 WATER RETENTION
ABILITY

Because the purpose of a dam is to
retain water effectively and safely,
the water retention ability of a dam 13
of prime importance. Water may
pass from the reservoir to the
downsteeamn side of & dam by:

« Seeping through the dam
Seeping through the abutments
Seeping under the dam
Overtopping the dam

Passing through the outlet
works

Passing over an emergency
spillway

The first three modes are considered
undesicable, particulariy if the seep-
age is not limited in areai extent or
volume. Overtopping of an embank-
ment dam is also very undesirable
becanse the embankment material
may be eroded away. Additionally,
only a small number of concrete
dams have baen desipned to be over-
topped. Water normally leaves =
dam by passing through an outlet
works; it should pass over &n
emergency gpillway only during
periods of very high rezervoir levels
and high water inflow,

A. Seepage Through a Dam - All
embankment dams and nost
concrete dzms have some seepage
through the dam. The sarth or
other material used to construct
embankment dzms has =ome
permeability, and water under
pressure from the reservair will
eventually seep through. How-
ever, it is important to control
the quantity of seepage by using
low permeability materials in the
construction of the dam and by
channelling and restricting the
flow so that erosion of embank-
menl materials doegs not oceur.

Seepage through a concrete dam
is wgually rmimimal and is almost
always through joints between
blocks or through cracks or
deteriorated concrete which may
have developed. Maintenance of
these joints and cracks is therefore
essential. The seepage water
should be collected and chan-
nelized, so that the quanlity of
water can be measured and ero-
sion can be minimized.

Seepage Around a Dam -
Seepage under a dam, thraugh
the dam foundation matenal, or
around the ends of a dam
through the abutment materials
may become a serious problem if
the flow is large or if it has suffi-
clemt velocity Lo cause erosion.
Seepage under a dam &lso
creates high hydrostatic uplift
{pore water] pressures which
have the effect of an upward
pressure diminishing the mass
weight of the dem, making the
weight of a pravity dam Jess
effective and therefore, the dam
less stable.

Seepage through abutments or
foundations can dissolve the
constituents of certain rocks
such as limestone, dolomite, or
gvpsum so that any cracks or
joinis in the rock become pro-
gressively larger and in tum
allow more seepage. Abutment
or foundation seepage may also
result in “piping” intemnal ero-
sion in which the flow of water is
fast encugh to erode away small
particles of soil. This erosion
progresses from the water exit
point hackward o the water
entrance point. When that point
is reached, water may then flow
unrestrigled resulting in even
greater erosion and probable
dam failure.

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

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

cutoff wall or trench below a
dam, ar constructing an upsiream
impermeable blanket. Figure 2.5
illustrates a cutoff trench and an
upsiream blankei.

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

2.4 RELEASE OF WATER

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

A, FPrincipal or Mechanical Spill-
way - The principal or mechani-
cal spillway maintains the normal
water level in the reserveir. 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 theough the dam or a Syslem
of gates that discharpe water
over the top into a concrete
spillway. Either method vses the
overflow prnciple. When the
Teservoir reaches a certain level,
water flows int> a stand pipe or
riser pipe or over a gaie. Intake
structures for spillways must
have syslems that prevent clog-
Eing due to accumulations of
trash or debris.

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

& Quickly lower the water level
if failure of the dam is
imminent

¢ Serve the operational pur-
poses of the reservoir

* Lower the water level for dam
repairs

* Purpasely fluciuate the pool
level to kil weeds and
MBQUItoes



Flgure 2.5 Cutoff Trench and
Upstream Blanket

The valve regulating the draw-
down facility should be on the
upstream end of the conduit to
minimize the risk to the dam
posed by a possible intemnal rup-
re of the pipe.

Emergency Spillway - As the
name implies, an cmergency
spillway functions during erner-
gency conditions to prevent
overtopping of a dam. A typical
emergency spillway is an exca-
vated channel in earth or rock
near one abutment of a dam, An
cmetgency spillway should al-
ways discharge away from Lhe
toe of a dam, s¢ that erosion ol
the toe will not oceur, Further-
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 Mood”™ the rare,
large magnitude flood used to
establish design criterfa. The
spillways of many existing dams
are now considered undersized
becausce standards for the design
flocd have increased over the
years.



CHAPTER 3

HAZARDS, RISKS, FAILURES

3.0 GENERAL

Dyam failures are severe threats Lo life
and property and are now being
recorded and documenied much
more thoroughly than in the past
Recorded insses have been high. Life
and property loss statistics fully jus-
tify the need for dam owners to belter
understand the risks 1o the public
posed by dams, the kinds of hazards
that promote these visks, and, gener-
ally, the rcasons why dams fail,
Irmproving 3 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 sk due to possible construction
flaws and weaknesses which develop
because of aging. The site imemedi-
ately surrounding the structure may
also inercase siructural risk if the
dam is mol positioned or anchored
properly or if excessive reservoir
seepage erodes the foundation or
abutments.

The physical bazards which can
cause dam failure are translated into
high risks when people or propeny
are threatened, and where the high
nsks to which Amercans are exposed
are exacerbated by a number of
important factors. For imstance. in
mst states, people are allowed o
seitle below dams in potential inun-
dalion zones, thereby compounding
risk.

Matural hazards such as floods,
garthquakes and landslides are also
important contributors to risk, These
nalural phenomeng are considered
“harards” because development has
placed people and property io their
way, SINce Most natural phenamena
existed long before mankind estab-
lished patterns of seulement. Failure
to adjust to these evenls 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 hroad range of
natural and human hasards exist
that, taken separately or in combina-
tion, increase the probability of dam
failure and injury to people and
propetty,

The following discussion of some of
the most significant harards that lead
to public nsk illustrates the interela-
tionship of events that can lead Lo
dam failure.

3.1.1 Natwral hazards that threat-
en dams - The most important
natural hazards threatening dams
include;

& Flooding from high precipilation
# Flocding from dam failure

s Earthquakes

¢ Landslides

Flooding from high precipitation -
Of the natural events that can impact
dams, floods are the mast significant.
A foodpiain map of the LS, {Figure
3.1y 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 frequeni
and costly natural events that lead to
disaster in the U8, Therefore, flood
polentials must be included in risk
analyses for dam Failure. Dams are
sometimes constructed to withstand
a probable maximuem flood {PMF)
assumed o occur on the uwpstream
watershed: this assumed event be-
comes the basis for the design of
safety factors built into the dam (e.g..
genbanced  structural clements  or
spillway capacity} However, dams
are often buill in arcas where
gstimates of the PMF are based on
ralher shor precipitation and runoff
records. As a result, spillway capacity
may be underostimated.
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Flogding fromt dam failure - When a
dam Fails a5 a result of a flood, more
people and property are generally
placed in jecpardy than during
natural floods. The Rapid City,
South Dakota flood of 1970, which
killed 242 pecple, caused z dam
failure which added significantly to
the loss of life. When a natural flood
ooours near a2 dam, the probability of
failure and loss of life zlmost
always increases.

The sudden surge of water generated
by a dam failure usually exceeds the
maximum flood expected naturally;
dam failure imundation zones and
100-year flocdplains are seldom con-
gruent. The upper portion of an inun-
dation zone almost always exceeds
the [{0-year floodplain con-
siderably, therefore, residences and
businesses that would escape natural
fiooding can be at extreme risk from
dam failure flooding. Hence, it is
important to make residents of thoss
structures cognizant of the full risk 1o
which they are exposzed so that they
can respond accordingly.

When one dam fails, the sudden

surge of water may well be powerful
enough 1o destroy anather down-

stream dam, compounding the disas-
ter. The potential for such a snowball
effect is greal, but the problem may
seemn remaote 1o a dam owner who has
not studied the potential impacts of
upstream dams on his own structute.
Upstream dams may seem (oo Far
away {0 be a real threat, but inunda-
tion zones and sorge corests can
extend many miles downstream --
especialiv if the reservoir behind the
collapsed dam held a large quantity
of water.

Earthquakes - Earthquakes are also
significant threats to dam safety.
Both earthen and concrete dams can
be damaged by ground motions
caused by seismic activity. Cracks or
seepage can develop, leading to
immediate or delayed fzilure. Dams
such as those in California, located
near relatively young, active faults
are of particular concern;, but dams
{especially older concrete and earthen
structures) located where relatvely
low-scale seismic events may oegur
are also at risk. Areas of the U5
where sipnificant seismic risks exist
are indicated in Figure 3.2. However,
recent detailed seismic analyses have
indicated a much broader area of

Figure 3.4 Estimated Properfion ¢f Land In Flcodphaln
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seismicity suflicient 10 damape dams;
the seismic risk is essentially nation-
wide. Dam owners should be aware
of the history of seismic activity in
their locality and should develop
their dam safety emergency pro-
cedures aceordingly,

Landsiides - 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 2 dam can cause an overflow
wave which will exceed the capacily
of the spillway and lead 1o failure, A
tand {or mud) slide can form a
natural dam across a streamn which
can then be overtopped and fail. In
tumn, failure of such a natural dam
could then cause the overtopping of a
downstream dam or by itself cause
damape equivatent to the failure of 2
hutnan-made dam. In addition, large
in¢reases in sediment caused by such
events can materially reduce storage
capacity 1o reservoirs and thos
increase a downstream dam’s vulner-
ability to flooding Sedimentation
can also damage low-level pates and
water outlets; damaped pates and
outlets can lead to failure,
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ZONE 0 Mo damage.

ZOME 1 Minar damage, distant earthquakes
may chuse damage L Sticturcs
with fundamental pericds greater
than 10 s¢conds, cuTesponds to
intensities ¥ and V1 of the M.M.*
Scale,

ZONE 2 Moderale damage. comesponds to
intensity VIL of the M.M.* Scale.

FOME 3 Mpjor damage, comesponds Lo
int?:'lmity Vl?]seand higher of the
M. * Scale,

ZONE 4 Thoue areas within Zone 3 deter-
mined by the proaimity iz cerlain
maper fault systems,

spodified Mercatel Intensity Scale of 1930

3.1.2 Hazards from human activ-
ity - Human activity must also be
considered when analyzing the risks
posed by dams. By convention,
classification of potential dam failure
risk is based on the severity of poten-
tial impact, not on the struglural
safety of the dam. Thus, dams that
may be of very sound construclion
are labeled “high hazard™ if failure
could result in catastrophic loss of
life -- in other words, if people have
settled in the potential inundation
zomg, The “high hazard” designation
does not necessanly imply structural
weakness or an unsafe dam. Lower
classifications include “significant
harard™ dams for which failure is
estimated to result in large property
loss, and “low hazard" dams for
which Failure is extimated to result in
minimal property Toss. The following
is a recommended guide for classify-
ing dam hazards {Table 3.1}

Risk may well increase through time
because few povermmental entilies
have found the means to limit settle-

ment below dams, More high and
significant hazard dams are con-
tinually being “created™ as develop-
ment oceurs in potential inundation
Zones,

Many other complex aspects of set-
tlement and development muoust be
considered in assessing dam risks.
Because of shont-term revenue needs
or other pressurss, Eovermments

often permit development in hazard-
ous areas despite lonp-termn danger
and the sk of high future disasler
costs, Diversion of settlement away
from potential inundation zones is a
sure means of reducing risk, but is not
always a policy suliable to the
immediate needs of local govemn-
ment. Perhaps the ultimate irony for
a dam ownar is to have developed

TABLE 3.1
HAZARD POTENTIAL CLASSIFICATION FOR DAMS

Categery Urban Development Econemic Loss

Livw Mo permancnt strocteres for Minimal {Undeveloped 1o
human habitation. oceasional struciures or

agricubure).

Significant Lirkan development with more Appreciable {Motable
than a small number of habit- agriculture, industry).
able structures.

High No wrban development and Excessive [Extensive com-

more than a small number

habitable structures.

ity mdustry or agriculture}.

tSource; (L8, Army corps of Engineers 1982 b}
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and implemented 3 safaty program
and then to have settlement permit-
ted in the potential inundation zone
so that the owner's Lability increases.

Two extremes of buman purpose -
the will 10 destroy through war or
terrorism and the urge to develop and
to construct - can beoth result in
public risks, Diams have proven to be
attractive wartime targels, and they
may be tempiing to terrorists. Cm the
other hand, a terrorist's advantage
from holding the public at risk may
well be illusory; the deliberate des-
traction of a dam is not at all easy to
bring aboul. Yet the possibility exists
that such an aet could take place, and
it should nol b discounted by the
dam owner.

All sorts of other human behavior
should be included in risk analyses;
vandalisin for example cannot be
exciuded and is in fact, a problem
faced by many dam owners. Vepgetated
surfaces of a dam embankment,
mechanical egquipment, manhote
covers and rock riprap are par
ticularly susceptible to damage by
people. Every precaution should be
taken to limit access to a dam by
unauthorized persons and vehickes,

Dirt bikes {motorcyeles} and four-
wheel drive vehicles, in particular,
can severely degrade the vegetation
on embankments. Worn areas lead to
ergsion and more serious problems.

Mechanical equipment and associated
control mechanisms should be pro-
tected From purposeful or inadvertenl
Larmpering. Buildings housing mech-
anical equipment showld be sturdy,
have prolected windows, heavy dury
doors, and should be secured with
deadbalt locks or padlocks. Detach-
able controls, such as handles and
wheels, should be removed when niot
in use and stored inside the pad-
locked building. Other contrals 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 reser-
volrs, spillways, stilling hasins, pipe
spillway risers, and elsewhere. Rip-
rap is often displaced by fishermen o
form benches. The hest way to pre-
vent this abuse is to use rock too large
and heavy o 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,

Orvwners 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 fznces and wamning signs should
be erected around dangerous areas.
As discussed in Chapter 10, liability
insurance can he purchased to pro-
tect the owner in the event of
accidents.

3.2 SITE-SPECIFIC
STRUCTURAL RISK

Developing site-specific risk analyses
involves consideration of a number of
harards, Such analyses are helpful in
stimulaling better awareness, plan-
ning and design. In some cases dam
structure analyses are quantitabively
based, and precise conclusions about
engineering and design can be made.
Probabilistic analyses can also be
important and wsefl. Stll, exact
quantitative and probahilistic tools
are not yet applicable in many
situations and do not fully supple-
ment cr replace qualitative analyses
— informed perception and judgment
of the risks. Judgment and engincer-
ing experience should play an impor-
tant role in reaching uscfil conchusions
in any site-specific analysis of struc-
tural risk.

As mentioned in Chapter 2, strue-
wral risks tend to result from desipn
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 falure 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 1o
move into inundation zones and
enough hazards gxisi that 1the net Ask
w the poblic will remain high for
many years.

3.3 SOURCES OF DAM
FAILURE

There are many ¢complex reasons —
both structural and non-structural —
for dam failure, Many sources of
failure can be traced to decisions
made during the design and construe-
uon process and to inadequate mainten-
ance or operational mismanagement,
Failures have also resulted from the
natural hazards already mentionad —
large scale flooding and earthquake
movement. However, from the per-
spective of the owner, the structure of
a dam is the slarting point for thorough
enderstanding of the potentials for
failure.

The Intemalional 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
motre than 15 feet high and include
only failures resulting in  water
releases downstream).

341 Three categories of struc-
tural failure - Three categories of
structural failure alluded to in Chap-
ler 2 are;

& (vertopping by flood

& Foundation defects

» Piping

Overtopping may develop from many
sources, hut often avalves from
inadeguate spillway design, Alter-
natively even an adequate spillway
may become clogged with debris. In
either sitzation, water pours over
other parts of the dam, such as abuot-
ments or the dam toe and grosion and
failure follow.

Concrete dams are more susceptible
to foundation failure than overtop-
ping whercas earthfill dams suffer
from seepage and piping. However,
when oventopping and foundation
failures are lumped 1ogether, they
represent B2 percent of the failures
studied by the ICOLD,

Figure 3.3 shows the relative impor-
tance of these three main catepories
of failure, Owverall, these thres events
have about the same rate of ncidence.
A more specific analysiz of the
polential sources of Failure has to
take into account types of dams.
Similarly, the characteristics of the
trpe of dam being monilored will
point o probicms requiring more
careful attention by the owner when
developing a salety program.
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3.3.2 Faitures by dam type - Figure
3.4 shows the relation between dams
built and those that (ailed for varous
dam types from 1900 to 1969,
Gravity dams appear the safest,
followed by arch aod fill dams, But-
tress dams have the poorest record
but are also the ones used least.

Embaniment ar Earthfill Dams -
The major reason for failure of fll or
embankment dams was piping or
secpape (38 percent; Figure 3.3)
{rher hydrologic failures were sig-
nificant, including overtopping and
erosion from water flows. All earthen
damns exhibit some seepage; however,
a5 discussed earlier, this seepage can
and must be controlled in velogity
and amount. Secpage oceurs throvgh
the structure and, if uncontrabled, can
grode material from the downsiream
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 o1 or near the
embankment, and a whitlpool in
the reservoir.

Eanth dams are particolarly suscept-
ible to hydrologic failure sinee most
sediments erade at relatively Jow
waterflow  valocities,  Hydrologic
fFailures result from the uncontrolled
flow of water over the dam, around
the dam, adjacent to the dam, and the
erosive action of water on the dam's
foundation. Once erosion has begun
during overopping. 1t i almost
impossible (o 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 canhen
dam failures caused by some of
these conditions.
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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 carthen dam.
Heavy rainfall in the upper drainage basin of the dam filled the reservoir and caused aver-
topping. It was later calculated that if a spillway had been built according to specifications
and if the original outlet pipes had been available for full capacily discharge, there would
have been no ovenopping.

TETON DAM, IDAHO

The Teion L¥am Failure in 1976 was altributed to (1} intsmal erosion (piping) of the core
of the dam deep in the right foundation key wench, with the eroded scil particles finding
exits through channels in and along the interface of the dam with the highly pervious abut-
ment rock and talus 1o points at the right groin of the dam; {2) destruction of the exit
avepues and their removal by the outrush of reservoir water; {3} the existence of openings
through inadequately sealed rock joints which may have developad through cracks in the
core zome in the key trench: (4) the development of piping through the main bedy of the
darm 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 seil used for fill-
ing the key trench.

BRALDWIN HILLS AND 5T FRANCES DAMS, CALIFORNIA

The Baldwin Hills Dar failed in 1963 following displacement of its foundation. Founda-
tion problems were ultimately traced ta seismic activity along nearby jaults, The failure of
the large St Francis Dram { part of the water supply system for Los Angeles) in 1928 was
also attribuled to a variety of problems related to foundation pressures, seepage around
the foundation and operation.

{Jansen, 1980).

TABLE 3.3
EXAMPLES OF CONCRETE DAM FAILURES

AUSTIN, PENNSYLVANIA

An example of a foundation problem can be found in Lhe failure of the Austin,
Pennsylvania Dam in September, 1911, Evidently, the reservoir was filled before the
concrete had et sufficiently. Eventual failure near the base cocurred because of weakness
in the foundation or in the bond between the fourdation and the concrete.

WALNUT GROVE, ARIZONA

In 1830, the Walnut Grove dam on the Hassayompa River failed due w overtopping, kill-
ing about 150 people, The failure was blamed on inadequate capacity of the spillway and
poor construsticn and workmanship. A spiliway b X 26 feet had been blasted out of rock
on one abutment, but with a drainege area above the dam site of about 500 sguare miles,
the spillway could ncl provide nearly enough discharge capacily.

{Iansen, 1980)

Concrete Damys - Failore of concrete
dams is primarily associated with
foundation problems. Gvertopping is
also a significant cause again primat-
ily when spillways are built with
inadequate capacity. Other causes
include failure to let concrete set
properiy, and earthquakes. The
examples summarized in Table 3.3
illustrate typical foundstion prob-
lems leading to dam failure,

5.3.3 Age and itz relation (o
Failure- Figure 3.5 illustrates cause
of failure as a function of a dam's age
at the time of failure. Foundation
failures occurred relatively early,
while other causes generally took
much longer to materialize. Thus, it
is not surprising thal a very large per-
centage of all dam failures coour dur-
ing initial filling, since this is when
design or construction flaws, or latent
site defects, appear.

Jn summary, this ouiline 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 safely program
should be visualized by the dan
owner in terms related to the most
probable sources of failure for a par-
ticular dam.
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CHAPTER 4

DEVELOPING A SAFETY PROGRAM

4.0 OBJECTIVES OF A
SAFETY PROGRAM

The significance of the dam fajlure
problem points out the need for a
dam safety program. Such a program
should be based on an evaluation
o determing a dam's structural and
operational safety. The evaluation
should identify problems and recom-
mend sither remedial cepairs, opera-
Licnal restrictions and modifications,
or further analyses and studies to
determine solutions (o 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 componcnts

* Conducting preliminary  and
detailed inspections

» ldentifying repairs and continu-
ing maintenance needs

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

e Establishing an  emerpency
action plan e help minimize
adverse impacts should the dam
fail

» Establishing operations pro-
cedures which recognrize dam
failure hazards znd risks

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

Devetlopment of a safety program
involves a phased process beginning
wilh ¢ollection and review of existing
informatien, procecding to detailed
inspections and analyses, and cul-
miraling 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
updam the number and seriousness of
problems [dentified by the initial
asyessment, professional assistance
by qualified engineers and contiac-
tors may e required.

4.4 GUIDELINES FOR
ASSESSING EXISTING
CONDITIONS

The guidelines for assessing existing

conditions are a scquence of steps

that will enable a dam owner to

secure the mformation needed (o

determine the need for subscquent

detailed investigations, repairs and

maintenance. The steps include:

& Reviewing existing data

» Visiting the site

* Inspeciing the dam

® Ascessing significance of ob-
served conditions

& Deciding what to do next

Reviewing Existing Data - The
imporiant fitst step is to collect and
review available information on the
darn - its design, construction, and
operation. A first reguirement is g
good map of the site. Maps of the
walershed and the downstream chan-
nel reaches are also valuahle, The
design of the dam and its appurtenant
structures  should be reviewed o
assess ils actual performance com-
pared to that intended. Engineering
records originating during construc-
tipn should be reviewed to determing
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 15 up to date and workable, All
these records should be incorporated
inte a natebook or file; they are most
important in establishing a safety
program and its supparting documen-
tation, Chapters 5 through Chapter
10 provide information to aid the
development of such documentation.
It may be, however, that no records
ciist. In this instance, a detailed
cramination of the stuclure s
appropriate.

Visiting the Dam Site - The next
slep is to visit the site. Undoubtedly,
the dam site is well known and has
been visiled numerous times, but in
this visit, there arc some particular
things to lock for, A fresh look at the



dam structure and its surroundings
from the point of view of its potentizl
hazard is required.

Inspecting the Dam - It will be
necessary 0 take e detailed and sys-
tematic look at ail 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 dams
and their components came in various
shapes and sizes and differ greatly in
detail. Features to ingpect include:

* Access roads and ways
Upstream slap

Crest :

Downstream slope

Left and right abutments
Spiflways

QOutlets and deains

Reservoir area (exposed and
submerged}

Conditions to lock for range from
obvious deterioration, cracks and
slumps, and boiling secpage to not-
so-obvious intermal corrosion and
weathering, seitlement, and founda-
tioh rock deteriorgtion and/or dis-
solution. A dam may look stable but
be susceptible to failure resulting
from gradual deterioration of its
internal structure. Regular and very
detailed inspections (Chapter 3) 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 information on conducting
inspections and assessing the signifi-
cance of ohserved conditions. Typ-
ically, eroded arcas, seepage, slides,
and outflow draw the most gthention.

Deciding What To Do Next - These
initial activities will have provided a
good start to establishing a dam
safety program. Available informa-
tion on design and construction of the
dam and later structural mod-
ifications provides perspactive on its
existing condition relative to that
ntended. If no documentation exists,
then development of equivalent detadl
should & a first priority.

[nspestion and documentation assis-
tance is available from several sour
ces including state and local agencies
responsible for dam safety, Pro-
fessional engineering consultants can
also provide detailed inspections,
testing, analyses, and documentation
(Chapter 10).

L IR BN BN BN BN B

4.2 PROCEDURAL
GUIDELINES -

A SOURCEBQOK

This chapter provides an overview of
how to establish a safety program.
Subsequent chapters detail technical

and procedural steps of the varous

safety program 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 program components can be
visualized as a sequence of initial and
continuing activities 1o insure dam
safety. They are ijllustrated in
Figure 4.1.

Again, the program of inspection for
both the initial and continning safety
evaluations establishes the condition
of the dam and provides the base of
information necessary for specific
actions involving repair, operation,

and monitering. The flow chart illus-
trates the evelical nature of the pro-
gram and the need for continuing
vipilance. Emergency action can
hopefully be avoided, bt a well
thought out plan of action (Chapter
B} in case of imminent or actual
failare can greatly reduce damage
and loss of life,

4.3 DOCUMENTING THE
SAFETY PROGRAM

It is important to document a safety
program in order to make maximum,
reliable use of information ebout the
dam. The procedural puidelines that
follow can serve as an outline or table
of contents for a safety program
report. The operations plan (Chapter
9) presents a detailed outline of the
information that should be included
in the documentation. The chapters
which follow sugpest forms for
inspections, monitoring, ete. which
can be used to record information. It
is helpful to maintain all the material
in a single notebook or file 5o thar it
can be updated and available when
needed. Duplicate copies of much of
the file should be stored at a different
location from the original.
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CHAPTER 5

INSPECTION GUIDELINES

5.0 INTRODUCTION

An elfective inspoction program is
essential for identifying problems
and providing safe maintenance of a
dam. An inspection program should
involve three types of inspections
{1) periodic technical inspoctions,
{2) pecodic maintenance inspec-
tions, and (3} informal observations
by project personnel as they operate
the dam. Technical inspections must
ke performed by specialists familiar
with the design and construction of
dams and should mclude assessments
of structure safety, Mainlenance
inspections are performed more fre-
guently than technical inspections in
order 1o detect ar an early stage any
developments which may be det-
rmental o the dam. They involve
assesying operational capability as
well as structural stability, The third
type of inspection is actually a cone
tinuing ¢ffort by on-site project pear-
sonnel (dam tenders, powerhoose
operaiors, maintenance personnesl)
performed in the course of their nor-
mal duties. Education of new person-
na] is required 1o assure the continued
effectiveness of these inspections.

Visual inspeclion performed on a
teputar basis is one of the most
cconomical means a dam owner can
use 1o assure the safety and leng life
of a dam and its immediate environ-
ment. Visual inspection is a straight-
forward procedure that can be used
by any properly trained 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  ils  adjacent
environment. The equipment required
is not expensive, and the inspection
usually can be completed in less than
one day.

51 INSPECTION GUIDELINES

Tabie 5.1 lists dam components and
conditions which may be observed
during an inspection. The table sum-
matizes the detailed puidelines pre-
sented in subsequent sections of
this chapter.

Scction 5.3 Embankment dams
Scction 5.4 Concrete dams

Bection 5.5 Spillways

Section 5.6 Inlets, outlets and drains
Section 5.7 Other arcas

At the end of the chapter, diagrams
and tabular listings of the guidelines
{Figures 3.3 through 5.6} are pre-
senled for the various dam com-
ponends. The puideline tables provide
a guick reference to be used in
assessing observed conditions, their
probable cause and possible conse-
quences, and remedial actions. The
puidelines  alse  point  out  the
HAZARDOQUS problems  where
evaluation by an ENGINEER is
required.

The dam owner. by applying the
maximum prudant effort, can identify
any changes in previously noted con-
ditions that may indicate a safety
problem. Quick corrective action to
conditions requiring auention will
promote the safety and extend the
useful life of the dam while possibly
preventing costly futare repairs.
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5.2 ORGANIZING FOR
INSPECTION

All inspections should be organized
and systematie, and ingpectors should
use equipment appropriate for the
task, record abservations accurately,
and survey the structure and site
camprehensively.

Equipment - Equipment useful for
inspections 15 listed in Tabde 5.2,

Recording  Inspection  Obser-
vations - An accurate and detailed
deseription of conditions observed
during each inspection will enable
meaningful comparison of conditions
vhserved at different times. Al
measurements and observed details
requited to get an accurate pichure of
a dam’s cument condition and possi-
ble problems should be recorded
This information has three elements:

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 50 that observations can be written
down at the time they are made, thus reducing mistakes and avoiding the need to
return io the site to refresh the inspector's memory.

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

Camera - Can be used to provide photographs of observed field conditions,
Photographs taken from the same vantage points can also be valoable in compar-
ing past and presemt conditions.

Hand Level - May be needed to accurately locale areas of interest and to deter-
ming ¢mbankment 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 esed when inspecting Jarge outlets or working in construc-
tion areas.

Packet Tape - Provides accurate dimensional meesirements o that meaningful
comparisons can be made of movements.

Flashlight - May be needed to inspect the intetior of an outlet in a small
darm.

Shavel - Useful in clearing drain outfalls, removing debris, and locating monitor-
Ng 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 dams by firmly tapping the surface of the facing material. Con-
crete fully supported by fill material produces a “click” or “bink™ sound, whils
facing material over a void or hole produces & “clonk™ or “bonk™ sound. A bonk-
er can be made of 1 1/4-inch hard wood dowel with a metal tip firmiy fixed to the
tapping end.

Binoculars - Are useful for ingpecting limited access areas, especially on ¢on-
crete dams,

Volume Container and Timer- Are used to make sccurate measurements of the
rate of leakage. Variaus 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
futere comparison.

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

Bug Repellent - [s 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-
tiesnakes or other poiscnous snakes might be present.

1) Location - The location of any
questionable area or condition
must be accurately described s
that the area or condition can be
cvaluated for changes aver time
of regxamined by expens. Phoio-
graphs can be helpful in this
regard. The location along the
dam, as well as above the toe or
below the crest, shoutd be estab-
lished and recorded, Problems in
the outlet or spiliway should be
similarly located.

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

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

+ Cuuantity of drain outflows

* Quantity of scepage from
point and arez sources

& Color or quantity of sedi-
ment in water

# Depth of deterioration in
congrete

# Length, displacement, and
depth of cracks

» Extent of moist, wet, or
saturated areas

¢ Adequacy of protective
CoveEr

* Adeguacy of surface drain-
age

® Steepness or cornfiguration
of slopes

® Apparent detericration rate
® Changes in ¢conditions

Coverage - An inspection is conduct-
ed by watking along and over a dam
a5 many times as is required to
chserve the entire structers, From
any given location, a person can
usually gain a detailed view for 10 to
30 feet in each direction, depending
upon the smoathness of the surface
or the 1ype of material on the surface,
{i.c., grass, concrete, riprap, brush}.
On the downstream slope a zigzag
inspection path should be used to
assure that any eracking is detected.

Sequence - A sequance of Inspection
inguring systematic coverage of an
gntire site js:

& Upstream slope

& Crest

& Downstream slape

* Regpage areas

+ {Jutlet

= Spillway



Following a consistent sequence
leszens the chance of an important
condition being overlooked. Re-
porting mspection results in the same
jequence 15 recommended to ensare
consistent records. Inspection forms
are in¢luded in Appendix A. The
forms shoeld be supplemented with
additional detads specific to a given
dant.

Record Keeping - A dated report
should be filled cut for each inspec-
tion, and should be filed along with
any photographs taken {which should
also be dated). In addition to inspec-
tion observations, monitoling mea-
surements and weather conditions
{especially recent ratns, 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
arg any trends that may indicate
developing protlems. If 2 question-
able change or trend is noted, and
failure is not mminent, a dam gwner
should consult & professional engineer
experienced in dam safety. Quick
reaction to questionable conditions
w¥ill ensure the safety and long life of
& dam and possibly prevenl costly
TEPALLS.

Crueial Inspection Times - Thers
are at least five special Limes when an
inspection is recommended regard-
less of the repular schedule,

1. Prior toapredicted major rainstorm
or heavy snow melt; check spill-
way, outlet chapnel, and riprap,

2. Dwring or after a4 severe rain-
storm;  check  spitlway, outlet
channel, and riprap,

3. Dwring or follwing 2 severe
windstorm; check dprap perfor-
mance during the storm {ill pos-
sible] and again afier the storm
hasz subsided,

4. Following an ecarthquake im the
area, make a compleig inspection
immediately after the event and
weekly inspections for the next
several months to detect any
detaved effects,

5. During and immediately after the
first reservoir filling; schedule a
regular program of frequent ¢om-
pletz inspections during the period
a reservoir is first being filled to
agsure 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

Embankmenl dams comstitute the
majority of structures in place in the
15 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

Seepape areas

Many of the principles and puidelines
presented in this section are also
applicable to concrete structures.

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

o Cracks

& Slides

& Cave-ins or sink holes

& Severe erosion

The first three conditions may indi-
cate serious problems within the
embankment, Severe crosion obvi-
ously can weaken the structure. An
upstream slope should receive =&
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 arcas,
rodent activity, sink holes, or slides.
Also, the reservoir basin {bottom of
the reservoir) should be inspected lor
cave-ins or sink holes.

Again, most importantly, a origs.
cross path should be used when
inspecting the slope so that cracks
and slides can be easily identified. In
many instances, sighting along Lhe
water line alignment will indicate a
change inl the eniformity of the slope;
an inspector should sland al one end
af the dam and sight along the water
ling checking for straiphtness and
uniforrity, If a crack is scen, the
crest and downstream slope in ils
immediate area should be carefully
ingpected,

Cracks indicate possible foundation
meovement, embankment failure, or a
surface slide. Locating them ¢an be
difficult. Cracks can be less than an
inch in width, but sull several feet
deep. Cracks 1 foot deep usoally are

£

not produced by drying and usually
are cavse for comcem, A line of
recently dislodged tprap on an
upsiream slope could indicate a
crack below the riprap.

Slides can be almost as difficult to
detect as ¢racks. When a dam is con-
structed the slopes may not be uni-
formly graded. Familianty with the
slope configuration at the end of con-
struction can help identfy subse-
quent slope movements. Moreover,
the appearance of slides may be sub-
tle; for example, they may produce
only ubout 2 feet of settlement or
bulging in & distance of 100 feet or
mare, yet this wounld still be a signifi-
cant amount of settlement. Dated
photographs are paniculacly helpful
in detecting such chanpes,

Sink holes or cave-ins tesult from
internal erosion of the dam — a very
serious condition for earthen em-
bankments, The internal erosion, or
piping, may be reflected by turbid
sespage water on exit. Surface soil
materials may be eroded by wave
action, rain runoff, and burmow
activites. If allowed 1o continue, the
embankment thickness can be reduced
and the structure weakened,

5.32 Downstream Slope - A
dawnsiream slope should be inspect-
eed carefutly because it is the area
where evidence of developing prob-
lems appears most frequenty, 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 authorites
should be nolified immeadiately.

On the downstream slope, some of
the more threalening conditions that
could be identified are;

» Cracks

* Slides

e Secpape

Cracks can indicate setttermnent, dry-
ing and shrinkage, or the develop
ment of 4 slide. Whatever the cause,
cracks should be monilored and
changes in length and width noted.
Drying ¢racks may appear and disap-
pear seasonally and normally will not
show vertical displacement as will
sctllement cracks or slide cracks,
Slides requirc immediate detailed
evaluation, Early wuming signs
in¢clude a bulge in the embankment
niear the toe of a dam or vertical dis-
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placement in the upper portion of
an embankment,

Seepage is discussed separaily
below.

If any of these three conditions are
seen or suspected, the state engineer's
office should be notified immediately.
If & downstrearn slope is covered
with heavy brush ot 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 mainterance. Because
surface water will pond on & ¢rest
unless that surface is well maintained,
this pad 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 stalg’s dam salety
engineers should he  notified
immediately.

Om the crest, some of the more
threatening conditions that may be
wlentified are:

e Longitudinal cracking
& Transverse cracking
o Misalignment

Longitudinal cracking can indicate
localized instability, differential set-
tlement, and/or movement between
adjacem sectons of the embank-
ment. Longitudinal ¢racking is typ-
ically characterized by a single crack
or a close, parallel system of cracks
along the ercst in a direction more or
less paraliel to the axis of the dam.
These gracks, which are usually con-
tinuous over their length and are
usually greater than 1 foot deep, can
be differentiated from drying cracks
which are usually inlermittent, gmratic
in pattern, shallow, very natrow,
and numerous,

Longitudinal cracking may precede
veriical displacement as a dam
attempts to adjust to a position of
greater  stability. Vertical dis-
placements on the crest are usuaily
accompanied by displacements on
the upstream or downstream face of a
darn.

Transverse cracking can indicate dif-
ferential settlement or movement be-
tween adjacent segments of a dam.
Transverse cracking s usually a
single crack or a close, parallel sys-
tem of cracks which extend across
the crest in 2 direction mare or less
perpendicular to the length of a dam.

This type of cracking is usuvally
greater than ! foot in depth.
Transverse cracking poses a definite
theeat to the safety and integrity of a
dam. 1f a crack should progress to a
point below the reservoir water sur-
face clevation, seepage could prog-
ress along the crack and through the
cmbankment causing severe £rosion
and if not correctad, leading to Failure
of the darm.

Misalignment can ndicate relative
movement between adjacent porlions
of a dam -- generaily in directions
perpendicular to the axis of the dam.
Excessive setflement of dam material
and/or the foundation can also ¢ause
misalignment. Most problems are
usually deteclable during close in-
spection, Misalignment may, how-
ever, only be detectable by viewing a
dam from either abutment. If on close
inspection, the crest appears to be
straight for the length of the structure,
alignment can be further checked by
slanding away from the damn on either
abutment and sighting along the
upstream and downstream edges of
the crest. On curved dams, alignment
can be checked by standing at either
end of a short segment of the dam and
sighting along the cresi’s upstream
and downsiream edges, noting any
curvature or misalignment in that
section.

5.3.4 Seepage areas - As discussed
previously, although all dams have
SOINE SESPALe, SEEPage i ANy Area on
of near a dam can be dangerous, and
all seepage should he treated as a
potential problemn. Wet areas down-
strearn from dams are not usoally
natural springs, but scepage arcas.
Seepage must be controlled in both
velocity and quantily. High velocity
fows through a dam can canse pro-
gressive crosion  and, uliimately,
failure. Saturated arcas of an em-
bankment or abutment can move in
massive slides and thus also lead
o failure.

Seepage can emerge anywhere on Lhe
downstream face of 2 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 [ace
above the toe of a dam. Seepage on
the downstream slope can cause a
slida or failure of the dam by internal
erosion (piping). Evidence of seepage
may vary from a sofi, wet area to &

flowing spring, and may appear
initially as only an area where
vegetation is lush and dark green m
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
secpage, 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 pressuies.

Since seepage can be present bul not
readily visible, an intensive search
should be made of all downstream
areas where seepapge water might
emerge. Even in short grass cover,
seepage may not be visible and must
be walked on to be found. Tdeally, an
inspection for scepage should be
made when a reservoir is full.

54 CONCRETE DAMS AND
STRUCTURES

From a safeiy standpoint, the prin-
cipal advantage of concrete dams
over earth dams is theit relative lree-
dom from Failure by crosion during
overlopping as well as from embank-
ment slides and piping failures.

Although concrete dams comprise a
minarity of all dams, they are ¢om-
monly of greater height and storage
capacity than earth structures, Thus,
they often represent a potentially
greater hazard to life and property. It
is important that concrete dam
owners be aware of the principal
modes of Feilure of such dams and
that they be able to discern betwsen
condilions which threalen the safety
of the dam and those which merely
indicale a need for maintenance.

Congrete dams fail for reasons that
are significantly different from carth
dams. These inchude:

» Structural cracks

¢ Foundation and
weakness

s Deterioration due 1w alkali
aggregate reaction

Should any of these condilicns be

discovered during mspection, an

owhner showld oblain engineering

assistance immediately,

abulment

Swuctural cracks occur when por-
tons of the dam are overstressed and
are the result of inadequate design,
poor consimction or fauity materials.
Structural cracks are often irregular,



may rnn ai an angle to the major axes
of the dam and may exhibit abrupt
changes in direction. These cracks
can alse have noticeable Ttadiat,
transverse, or vertical displacement,

Conerete dams transfer a substantial
load to the abutments apd founda-
tion. Although the concrete of a dam
may endure, the natural abutments or
foundation may crack, crumble, or
nove in a massive slide. If this
cocuts, support for the dam is Tost,
and it fails., Impending failure of the
foundation or abutments may be dif-
ficult to detect becanse 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
bypreducts of silica gels which cause
expansion and logs of strenpth within
concrete. Alkali reaction is charac-
terized by certain observable con-
ditions such as cracking (usually a
random pattern on a farly large
scale}, and by excessive intermal and
overall expansion. Additional indica-
tions include the presence of a
gelatinous  exudation or  whitish
amorphous deposits on the surface,
and 3 chalky appearance of freshly
fractured concrete.

The zlkali-aggregate reaction takes
place in the presence of water. Sur-
faces cxpased to the clements or
dampened by seepage will detericrate
most rapidly. Once suspected, the
condition can be confirmed by a
series of tests pecformed on core
samples drilled from & dam. Although
the deterioration is gradual, alkali-
aggregate reaction cannot be eco-
aomically corrected by any means
now known. Continued deterioration
may require total replaceament of a
structure.

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

Access and safery

Monitoring

Dutlet system

Cracks at construction and
expansion joints

e Shrinkage cracks

+ Dr¢terioration due to spailing
¢ Minor leakage

Access and safety are important
because the faces of conerete dams
are often nearly vertical, and sites are
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commonly  sleep-walled rock can-
yons. Access to the downstream
face, loe area, and abutments of such
dams may be difficult and require
special safety equipment such as
safety ropes, or a boatswain's chair.
Congrete dams pose a special prob-
lem for the dam owner because of the
difficulty in gaining close access o
the steep surfaces. Regular inspec-
tion with & pair of powerful binoculars
can nitially ideniify areas where
change iz occwring, When these
changes are noled, a detailed close
up inspection should be conducted.
Close inspection of the upstream face
may also require a boatswain’s chair
of a boat,

Monitoring helps detect structural
problems in concrete dams such as
cracks in the dam, abutments, or
foundation, Cracks may develop
slowiy at first, making it dilficul! to
determine if they are widening or
otherwise changing overtime. If a
structural crack is discovered, it
should be monitored for changes in
width, lenpth, and offset, and a mon-
ttoring network of instruments shoudd
be installed and read on a repular
basis,

Outlet system delerioration is a prob-
lem for all dams but the frequency ol
such damage may be higher in con-
crete dams because of their greater
average hydraulic pressure. Thus,
cutlet system inspection should be
emphasized for latge congrete dams.

Cracks at comsbruciion joints exist
because concrete dams are buile in
segments, while expansion joints are
built into dams to accommodate
volumetric changes which occur in
the structures after concrete place-
ment. The latter are referred 1o as
“designed” cracks. Thesc joints are
typically constructed so that no bond
or reinforcing, except non-bonded
waterstops and dowels, extend across
the joints,

Shrinkage cracks often ocour when,
during original construction, irreg-
ularities or pockels in the abutment
contact are filled with concrete and
not allowed to flly cure prior to
placement of adjacent portions of the
dam. Subsequent shrinkage of the
concreie may lead to irregular crack-
ing at or ngar the abutment,

Shrinkage cracks are also caused by
temperature variation. Dhanng winter
maonths, the upper portion of 2 dam
may become significantly colder than
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those portions which are in direct
contact with reservoir water, This
temnperature differential can result in
cracks which extend from the crest
for same distance down each face of
the dam. These cracks will prabably
oCCur at comsiruction or expansion
Jjoints, 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 & smaller percan-
tage of the structure. It may be
necessary to restore load-camrying
capability by grouting affected areas.
Thiz work raquires the assistance of
an engineer,

Spalling is the process by which con-
crete chips and breaks away as a
result of freszing and thawing.
Almost every concrete dam in colder
climates experiences continued minor
deteroration due to spalling, Hecause
it usually affects only the surface of a
structure, it is ot ordinarly con-
sidered dangerous. However, if al-
lowed 1o continue, spalling can result
in structural damage, particularly if a
dam is of thin cross section. Also,
repair is necessary when reinforcing
steel becomes exposad. The method
of repair of spalled areas depends
upon the depth of the deterioration.
In severe sinuations, engingering
assistance is required.

Mincr leakage through concrete
dams, although unsightly, is not
usually dangerous, unless aceom-
panied by struclural cracking. The
effect may be to promote deteriora-
tiogn due to freezing and thawing
Howaever, increases in seepage could
indicate that, through chemical action,
materials are being leached from the
dam and carried away by the flowing
water. Dlam owners should note 1hat
decreages in seepage could also
oceur a5 mineral deposits are formed
in portions of the seepage channel. in
either case, the condition i3 not
inherently dangerous and detailed
study is required before it can be
determined if repair is necessary for
ather than cosmetic reasons.
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5.5 SPILLWAYS

As detmled 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 i3 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 erogion, and be protected from
deterioration. Because dams repre-
gent a substantial investment and
spillways make up a major part of
dam costs, a constientious annual
maintenance prograsn shoold be pur-
sued not only to protect the public
but alse o minimize costs as well,

The primary problems encountered
with spillways include:

Inadequate capacity
Obstructions

Erasion

Deterioration

Cracks

» Undermining of spillway outlet

Inadequare 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
gpeed with which rain water flows
into and fills the regervoir. An inade-
quate spillway can canse 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, debns, or
landslide deposits. An obstructed
spillway can have a substandally
reduced discharge capacity which
can lead o ovedopping of the dam.
Grass is wsually not considered an
obstruction, however, tall weeds,
brush, and young trees should be
pericdically cieared from spillways.
Similarly, any substantial amount of
soil deposited in a spillway —
whether from sloughing, landslide or
sediment transpor -~ 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 low for many hours. Severe
damage of a spillway or complete
wash-oul can result if the spillway
canmot resist erosion. if & spillway is
cxcavated out of 2 rock formation or
lined with conerele, erosion is usually
not a problem, However, if a spillway

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

A spillway canmot be expected to
perform properly iF it has deteriora-
ted. Examples include: collapge 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
malerial and lead to severe erosion.
Remedial action must be laken as
s00n a5 any sign of deteroration has
been detected.

Drying cracks in an earth spillway
channel are usually not regarded as a
functional problem. However, miss-
ing rocks in & riprap lining can be
considered a “erack™ in the protec-
tive cover, and mast be repaired al
once, Cracks in concrete lining of a
spillway are commanly encountered.
These cracks may be caused by
uneven foundation senlement, shrink-
age, stab displacement, of 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 severs displacement
of the slab, The slab may even be dis-
lodged and washed away by the flow,
A severely cracked congrele spiliway
should be examined by and repaired
under the supervision of an engineer.

Undermining of a spillway causes
erosion at a spillway 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 darm and eventeally lead
to complete failure of a dam. Water
must be conveyed safely from the
teservedr ko a paint downstream of the
dam withoul endangering the spillway
itseH or the embankment. ORten the
spillway cutlet is adequately protec-
ted for narmal flow conditions, but not
for extreme flows. It is easy to mis-
estimate the energy and force of flow-
ing water and the resistance of oullet
material {earth, rock, concrete, ate),
The required level of protection is dif-
ficult to establish by visual ingpection
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 pericdic maintenance as areas of
erosion and deteroration devejop,

The following four factors, often
interrelated, contribute to erosion at
the spillway outlet:

1. Flows emerge from the outlet are
gbove the siream channel, If
outlet flows emerge at the correct
elevation, tailwater in the stream
channel can absorb a substantial
amount of the high velocily, flow
and the hydravlic energy will be
contained in the stilling basin.

2. Flows emerging from the spillway
are generally free of sediment and
therefore have substantial sediment-
carrying capacity, In olbvaining
sediment, moving water will seour
soil matenial from the channet and
leave eroded areas. Such erosion
is difficult to desipn for and
requites protection of the outlet
for a safe dislance downstream
from the dam.

3. Flows leaving the culet at high
velocity can cregie 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 oCours on concrets
or metal surfaces. Venting can
somelimes be used 1o rTelieve

negative pressures.

4. Water leaking through pipe joints
and/or flowing along a pipe from
the reservoir may weaken the soil
strugturg around the pipe. Inade-
quate compaction adjacemt to
sich gtractures during construc-
tion can compound this problem.

Procedure for inspection - Spillway
inspection is an important part of 2
dam safety program. The basic
objective of gpillway inspection is 1o
detect any sign of obstruction, ero-
giom, deterioration, misalignment,
or ¢racking.

When inspecting an carth spillway,
one should determine whether side
slopes have sloughed, whether there
is excessive vepeladion in the chan-
ned; andl one should look for signs of
erogsion and rodent activity. One
should also use a probe to determing
the hardness and moisture conten of



the soil, note the location of par-
licularly wel or soft spots, and see if
the slilling basin or drop structure is
woperly pratecled with rocks or op-
.ap. Because some arosion is un-
avoidable dunipg stilling, an owner
should also determine whether such
erosion might endanger the embank-
ment itself. If the spillway is installed
with a sill, 2 dam owner should also
determine if there are any cracks or
misalignment in the sill and check for
erpsion bencath or downstream of
the sill.

Commonly sneountered defects of
congrete spillways and peneral in-
spection procedures for cracks, spall-
ing, drains, joints, and misalignment
are summarized in the following
paragraphs.

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

Spillway surfaces exposed o freeze-
thaw cycles often sulfler from sorface
spalling Chemeal action, con-
*amination, and unsound aggregates
man algo canse spalling. If spalling is
exlensive, the spalled area should be
sketched or photographed, showing
the length, width, and depth of the
area, The prablem should be exam-
ned 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-
mune if voids exist below the surface,
Shallow spalling should be ¢xamined
from time 10 me o delermine if i s
becoming worse. Deep spalling should
be repaired as soon as possible by an
experienced conlractor,

Walls of spillways are usvally equipped
with weep (or drain) holes. Occs
gionally spillway chute slabs zre also
equipped with weep holes. If all such
holes are dry, the scil behind the wall
or below the slab is probably dry_ If
some holes are draining while others
are dry, the dry holes may be plugged
by mud or mineral deposits. Plugged
weep holes increase the chances for
Failure of retaining walls or chule

labs. The plugged holes shonld be
probed to determine causes of block-
age and soil or deposiis cleaned out
to restore drainage. If this work is not
successful, rehabnlitation should be
performed as so00n as possible under

the supervision of a professional
engineer,

Spillway retaining walls and chute
slabs are normally construcied in
sections. Between adjoining sections,
gaps or joints must be tightly sealed
with flexibie materials such as tar,
epoxies, of other chemical com-
pounds. Sometimes rubber or plastic
diaphragm matenials or copper foil
are used to obtain watertightness.
During ingpection, one should note
the location, length, and depth of any
missing séalant, and probe open gaps
t0 determine if soil behind the wall or
below the slab has been undermined.

Mizalignment of spillway retaining
walls or chute slabs may be caused
by Foundation settlement or earth or
watet pressure, The inspector should
carefully look at the upsircam or
downstream end of a spillway near
the wall t¢ determine if it has been
tipped inward or cutward. Relative
displacement or offset between neigh-
baring sections can be readily iden-
tified at joints. The horizontal as well
as vertical displacement should be
measured. A fence on top af the
retaining wall is usually erected in a
straight line at the time of construc-
tion; thus any curve or distortion of
the fence line may indicate wall
delformation.

Al the time of construction, the entire
spillwey chute should form 2 smooth
surface. Thus, measurement of rela-
tive movemeni berween neighboring
chute slabs at joints will give a good
indication of siab displacement. Mis-

alignment or displacement of walls ar

the slab i often accompanied by
cracks. A clear description of crack
patiersis should be recorded or
phatos taken to help in understanding
the rature of the dizsplacement,

2r

5.6 INLETS, OUTLETS, AND
DRAINS

A dam’s inlet and outlet works,
including internal drains, &re essen-
tial to the operation of a dam. Items
for inspection and special attention
include:

& Reservoir pool levels

& Lake drains and indernal drains
» Corrosion

# Trash racks on pipe spillways
= Cavitation

The topics discussed above for
spillways also are relevant,

Reservoir pool levels - Reservoir
pocil levels are controlled by spillway
gates, lake drain and relezse struc-
tures, or flashboards. Flashboards
are sometimes used to permanently
or temporarily raise the pool level of
water supply reservoirs. Flashboards
should not be installed or allowed
unless there is sufficient freeboard
remaining to safely accommodate a
design flood. Pool level draw down
should not exceed about 1 foat per
week Tor slopes composed of clay or
sHit malerials except in emergency
situations. Yery flat slopes or slopes
with [free-draining upstream soils
can, however, withstand mora rapid
draw down rates. Conditions causing
Or requiring temporary Qr permanent
adjustment of the pool level include:

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

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

s Fluctuations in the setvice area's
demand for water,

o Repair of boat docks in the winter
and prowth of aguatic vegetation
along the shoreline.

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

Lake drains - A lake drain should
always be operable so that the pool
level can be drawn down in case of an
emergency or for necessary repair.
Lake drain valves or gates that have
not been operated for a long time can
present a special problem for owners.
If the valve cannot be closed after it is
opened, the impoundment could be
completely drained. An unecatrolled
and rapid drawdown eould also caose
more serious problems such as slides
along the saturaled upstream slope of
the embankment or downstream
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fooding. Therefore, when a valve or
gate is operated, it should be inspect-
ed and all appropriate parts lub-
ncaied and repaired. 1t is also
prudent to advise downstream resi-
dents of large and/or prolonged
discharges,

To test a valve ar gate without risking
complete drainage, one muslt phys-
ically block the drain inlet upstream
from the valve. Some drains have
been designad with this capability
and have dual valves or pates, or slots
for stoplogs (sometimes called bulk-
heads) upstream from the valve.
Otherwise, divers can be hired w0
inspect the drain inlet and may be
able to construct a lemporary block
at the infet

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

Corrosion - Corrosion is a common
probiem of pipe spillways and other
conduits made of metal. Exposure 1o
moisture, acid conditions, or salt will
accelerale 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 &% 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, zine (galvaniza-
tion], ashestos or martat. Coatings
applicd %o pipes In service are
eemerally not very effeclive because
of the difficulty of esiablishing a
band, Similariy, bituminous coating
cannot be expecied to last more than
one to two years on flowways. OF
course, corrasion of metal parts of
operating mechanisms can be effec-
tively treated and prevented by
keeping those pans greased and/or
painted.

Corroston can also be controfled or
arrested by installing cathodic pro-
tection. A metallic anode made cut of
a material such as magnesium 18
buried in the soil and is comnecled to
the metal pipe by wire. An electric
potential is established which causes
the magnesium to cormodes and not the
pipe.

Trash on pipe spillways - Many
dams have pipe and riser spillways.
As with comcrets spillways, pipe
inlets that become plugged with deb-
ris or trash reduce spillway capacity.
As & result, the potential for overop-
ping is greatly increased, particularly
if there is only ong outlet. If 8 dam
has an emergency spillway chammel,
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 doralion, serious
damage may result. For these reasons
trash collectors or racks should be
installed at the inlets o pipe spillways
and lake drains,

A well-designed trashrack will stop
large: debris that could plog a pipe but
allow unrvestricted passage of water
and smaller debris. Some of the most
effactive racks have submerged open-
ings which allow water w pass
benealth the trash into the riser inlet
as the pool level rises. Openings that
are too small will stop small debrnis
such as twigs and leaves, which in
turn will cause a progression of larger
items to build up, eventuvally com-
pletely blocking the inlet. Trashrack
openings should be at least 6 inches
across regardless of the pipe size.
The larger the principal spillway ¢on-
duit, the larger the trashrack opening
should be. The largest possible
openings should be used, up to &
maximum of about 2 feet

A trashrack should be properly
anached to the riser inlet and strong
enough to withstand the forces of
Fast-flowing debris, heavy debris, and
ice. If the riger is readily accessible,
vandals may throw riprap stone into
it, The size of the trashrack opemings
shouid not be decreased to prevenl
this. Instead rock that is larger than
the trashrack openings or too largs 1o
handle should be used for niprap.

Maintenance should include pericdic
checking of the rack for rusted and
broken sections and repair as needed.
The trashrack should be checked fre-
quently during and after storms o
ensure that it is functioning properly
angd to remove accumulated debris.

Cavitation - When water flows
through an autlet system and passes
restrictions {e.g., velves), a pressure
drop may occur. If localized water
pressures drop below the vapor pres-
surg of water, a partial yacuum is

created and the water actually boils,
causing shockwaves which can dam-
age the outlet pipes and control
vaives. 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 ecrrosion buildup on con-
trol stems and gate guides, bui also
provides an opportunity to check for
smocth operadon of the system.
Jerky or etratic 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 Tike pravel being rapidly
transported through the system. This
sound indicates thal cavitation occur-
ring, and these gate settings should be
avoided. The operation of all mech-
anical and electrical systems, backup
eleciric 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 structuze and con-
trol, ¢an be easily and regularly
inspected. However, severe prob-
lems are commaonly associated with
deterioration or failure of portions of
the systerm which are either buried in
the dam or normally under water.

Areas to be inspecled include:

« Qutlet pipes 3} inches or greater
in diameter can be inspecled inter-
nally, provided the system has an
upstream valve allowing the pipe
ta be emptied. Tapping the con-
douit interior wilth a hammer can
help locale voids behingd the pipe.
This type of inspection should be
performed at least once a year.

» Small diameter ontiet pipes can
be inspected by remate 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 iz recommended
at least once every five years.



» Outlet intake structures, wet
wells, ang 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
s drawn down or at five year
intervals. H a definite problem is
suspected, or if the reservoeir
remains full over extended per-
ioids, divers should be hired to per-
form an underwater inspection.

5.7 OTHER AREAS

Other  areas requiring inspection
inglude:
o Mechanical and
systems
# Reservoir surface and shoreline
» Upstream watershed
» Downstream floodplains
Mechanical equipment includes spill-
way pates, sluice gates or valves for
lake drains or water supply pipes.
gtoplogs, sump pumps, flashboards,
relief wells, emergency power sour-
ces, siphons, and other devices, All
mechanical and asgociated electrical
equipment should be operated at
least onee a year and preferably more
often. The test should cover the foll
operating tange of the eqguoipment
under actual operating conditions.
Each operating device should be per-
manently marked for easy identifica-
uon, and all operating equipment
should be kept accessible. All con-
trols should be checked for proper
security to prevent vandalism, and
finaily, all operating instructions
should be checked for clanty and
maintained in a secure, but readily
accessible location.

electrical

%

The reservoir swiace and shoreline
should be inspectad to identify possi-
ble problems away from the actval
strugture. Whirlpools can indicate
submerged outlets. Large land slides
coming into the reservoir ¢ould cause
waves overtopping the dam.

Floods arse from the upstream
watershed. Therefore, characieristics
of the watershed, such as impervious
areas {e.g. parking lots), relate direct-
ly 1o the magnitude of a flood. Urban
development in 8 watershed can
increase the size of flood peaks and
the volume of runoff, thereby making
a previously acceptable spillway
inadequate. Awarensss of upstream
development and other factors which
might infloence reservoir inflows iy
important in order to anticipate pos-
sible problems and necessary or
medifications in the dam.

Development in downstream flood-
plains is alzo very imporiant to the
damn owner as the extent of devel-
opment and Nood preparedness relate
directly to loss of life and damages
shouid the dam fait.
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Tabls 6.1 lists features to be observed af g TABLE &.1
dam and the suggested ingivuments ar obser-  [NSTRUMENTATION AND MONITORING
valion teckigue e fe used. The speryfic sec- - GUIDELINES DIRECTORY

rfoers af iy makie! where gn insirement or
absprvgffon lechafoue iy disckssed are olio
mdécated.
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CHAPTER 6

INSTRUMENTATION AND MONITORING
GUIDELINES

&.0 GENERAL

“Instrumentation of 2 dam furnishes
data to determing if the completed
struciure is functioning as intended
and to provide a continuing sur-
veillance of the structure to warn of
any developrments which endanger its
safety” (ICOLD, 1969),

The means and methods available to
monitor phenomena that ean lesd o
dam failure inciude 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 consistert with ather
project components, must be basad
on prevailing geotechnical conditions
at the dam, and must include con-
sideration of the hydrologic and
hydrautic factors present both before
and after the project is in operation,
Instruments designed for monitoring
potential deficiencies at  existing
dams must take into agcount the
threat to life and properiy that the
dam presents, Thos, the extent and
nature of Lthe instrumentation depends
not only on the complexity of the
dam and the size of the rescrvoir, but
alser on the potental for loss of life
and property downstream of the
dam.

An imstrumentation 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 3 definite commitment
10 an ongoing monitonng program or
the instatlation of instruments probe
ably will be wasted,

This chapter discusses defieicneies in
dams that may be discovered and the
lypes of instrumenis that may be
used to monitor those deficiencies.
Table 6.1 describes deficiencies,
their causes and gencric means for
detecting them. Increased knowledge
of these deficicncies sequired through
a monitoring program is useful in
determining bBoth the cause of the
deficiency and the necessary remedy.

[nvoivement of gualified personnel in
the design, inslallation, monitoring,
and evaluation of an instrumentation
system is of prime mportance to the
success of the program.

6.1 REASONS FOR
INSTRUMENTAYION

Instrumentation and proper monitor-
ing and evaluation arc extremely
valuable in determining the perfor-
mance of a dam. Specific reasons for
Instrumentation include:

s Waming of a Problem - Often,
instruments can detect unusual
changes, such as water fluc-
tuations in pressure that are not
visible. In other eases, gradual
progressive changes in say seep-
age flow, which would go unnoticed
visually, can be monitored regu-
larly. Thizs monitenng can warmn of
the development of a serious
secpage problem.

o Analyzing and Defining & Prob-
ferm - Iostrumentation data s
freguently used to provide en-
gincering information necessary
for analyzing and defining the
extent of a problem. For example,
downstream movement of a dam
because of high reservoir water
pressure must be analyzed 1o
determine if the movement is
uniformiy distributed along the
dam, whather the movement is in
the dam, the foundation, or both,
and whether the movemeant is con-
linuing at a constant, increasing or
decreasing rate. Such information
¢an then be used to design correc-
tive measures.

& Proving Behavior Is as Expected
- Instrumenis instajled at a dam
may infrequently (or even never)
show any anomaly or problem,
However, even this information iy
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 tn be happening or
imminent, instrument readings
might show thal the deficiency
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{zay increased seepage) is normal
{merely a result of higher than
normal reservoir level) and was
foreseen in the dam’'s design.

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

6.2 INSTRUMENT TYPES AND
USAGE

A wide varety of devices and pro-
cecures arc used to monitor dams,
The features of dams and dam sites
most often monitored by  instru-
ments include:

¢ Movements: (Rorizontal, verti-
czl, rotationa) and lateral)

» Pore pressure and uplifi pres-

sures

Water level and flow

Seepage flow

Water guality

action, expansion resuling from tem-

perature change, and heave resulting

from hydrostatic uplit pressures.

They can be categorized by direc-

tion:

s Horizontal Movement - Horizon-
tal or translational movement
commorly happens in an upstream-
downsiream  direction in  both
embazkment and concrete dams.
It involves, the movement of an
entire dam mass relative to ils

CONYEX TD FREVENT
WATER PONDING ON
CONCRETF

1" REBAR

Temperature N,
Crack and joint size R
Seismic activity

Weather and precipitation
Stress and strain

A listing of manufacturers and sup-
pliers for the various instrumentation
devices is provided in a report by
Dunnicliff {1981). Details of the
installation, operation, and main-
tenance of each device are described
in 1.5. Bureau of Reclamation

4 MINTMUM

figure &.1¢ - Instollation of Permanent Points

& &% 80 0

s RES. =
{1986). | s e E,(
f — e [ STATION
6.2.1 Visual observations - As dis- AXIS OF DAM )i
cussed in Chapler 5, visual obser- N . . e I

vations by the dam owner or the
owner's representative may be the

-

S -~ -
most important and effective means 2 = =
of menitoring the performance of a £ £ = s
dam. The visual inspections should Z_ T OLTIE] WORKS e C .
be made whenever the inspector T2 I 3 i o
visits the dam site and should consist =T33 & - z I
of a mimimum of walking along the = gx aZZ
dam alignmemt and looking for any 3§ = =52
signs of distress or unusual con- rari e
ditions at the dam, SR Sox

6.2.2 Movements - Movementis
occur in evety dam. They are caused
by stresses induced by reservoir
water pressure, unstable slopes (low
shearing strength), low foundation
shearing strength, settlement (com-
pressibility of foundation and dam
materials), thrusl due to arching

Figure &.1b - Pian of Allgnment System
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DISFLACEMENT

Flgure §.2 Monttoring Crocks on Embankment

a3

abutments or foundation. Inm an

ermbankment

dam, instruments

commonly used for monitoring
such movement include:

Install
points
and b,

Extensometers
Multi-point extensometers
Inclingmeters
Embankment
points

Shear strips
Stropetural measuring points

measyrng

ation of simple measuring
is illustrated in Figure 6.1, a
a simple crack monitoring sys-

tem is shown in Figure 6.2, 2nd

inciingmeter Systems and Plots are Shown In Figure §.3a-c.

A

= BAUKFILL

INSTRUMENT
I PLACE

Flgure §.3¢ Inclinometer and Casing

A - DIRECTHMN

15T REAINNI: 1

IND} REAINNG
-

B

0

A5

inclinometer systems and plots are

shown in Figure 6.3a-c.

For a concrete dam, instruments for
monitoring hotizontal movements
may include:

o (rpck measuring devices

#* Extensometers

# Multi-point extensometers

@ Inclinometers

# Spructural measuring points

» Tape gauges

» Strain meters

# Plumb lines

| ]

Foundation deformation gauges

B -MMRECTION

15T READHNG
w NN READMNG
1

DEPTIIN FERT

F t { 40--
+1.0

+

—Le

DEFLECTION IN INCHES
Flgure §.3b - Plot of inclinomedfer Readings



Examples of moniloring of concrete
structure movements are shown in
Figure 6.4,

» Vertical Movement - Vertical
movement is commonly a result of
consolidation of embankment or
foundatign materals resulting in
setilement of the dam. Another
cause is heave (particulatiy at the
toe of a dam) caused by hydro-
static uplift pressures.

In an embankment dam, vertical

movements may be monitored

by:

= Settiement plates/sensors

+ Extensometers

s Piezometers

* ¥ertical internal movement
devices

* Embankment
points

* Structural measuring points

* Inclinometer casing mea-
SUrements

measuring

Figura 6.4 - Measuring Displacements

STRAIGHT EDGE

mis
Lo - 1

SIDE T}
CONCRETE
SPILLWAY
WaALL

STEEL TAPE
rs

—;— YERTICA] DISFLACEMENT

(0} STRALGHT EIMGE AND TAFE

LOOK FOR CHANGES
HERE

STEFL TAFE -

. » -

ST

S
EEAD Pllﬁ -------- "i
ﬁ LATERAL

DISPLACKEMENT

(b} STRAIGHT EDMGE AND TAPE
FLUS REFERENCE POINTS

SERING OB TWINE
Wwall 6

PI1'ME EQR OR WENHT

LODK FOR CHANGES HERE
i<l FLUMB BOB

STRUCTURAL _
‘(.#"

CRACK

LOOK FOR CRACKISG
THROUGH FATCH

MORTAK OR
ETMOXY PATCH

(4] MDRTAR MARKER

In a concrete dam, vertical mowve-
ment monitoring devices may
include:

+ Settlement sensors
s Extensometers
e Piezometers
* Structural measuring points
s Foundation deformation
gauges

o Eotattonal Movemen! - Rota
tonal movement is commonly a
cesule of hiph reserroir water pres-
sure in combination with low
shearing strength in an embank-
ment or foundalion and may ocour
in either component of a dam.
This kind of movement may be
measured in either embankment
or concrete dams by ingtruments
such as:

Extensometers

Inclinometers

Tiltmeters

Surface measurement peints

Crack measorement devices

Piczomeiers

Foundation

Eauges
* Plumblines {concrete only)

* Lateral Movemert - Lateral
movement {parallel with the crast
of a dam) is common in concrete
arch and gravity dams. The struc-
ture of an arch dam causes reser-
voit water pressure 10 be translated
imto a horizontal thrust against
each abutment. Gravity dams
alsa exhibit some lateral move-
ment because of expansion and
contraction due o lemperature
changes. These movements may
be detected by:

# Structural
paints
Tiltmeters
Extensometers
Crack measurement devices
Pluamblings

Rtrainmeters

Stressmeters

Inclinometers

Jointmelers

Thermemeters

Load cells

4 & & & & & &

deformation

measurement

L R K BN BN BN BN BN NN N

6.2.3 Pore pressure and uplift pres-
sure: As discussed in Chapter 2, a
certain amount of watsr seeps through,
under, and arcund 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 walter as it moves



arts gniformly in all planes and i3
‘wrmed pore pressure. The upward

rog (called uplilt pressure) has the
affect of reducing the effective weight
of the downsiream portion of a dam
and can  materially reduce dam
stabilily. Pore pressure in an em-
bankment dam, a dem foundaton or
abutment, reduces that component’s
shearing strength, In addition, excess
water, if not cffectively channeled by
drains or futers, can result in pro-
gressive intemal erosion {piping) and
faifure. Pore pressures can be mon-
itoved with the following cquipment.

o Piczometers

elecirical

apen well

poeumatic

hydraulic

porous tube

slotted pips
o Pressure meters & pauges
o Load ceils

Simple piszometers may be as illus-
trated in Figure 6.5, while a basic
ghyervaton well is shown in Figure
6.6,

PORDIS STONE

SENSING UNIT

£.2.4 Water Level and Flow - For
most dams, it is importanl to monitor
the water level in the reservoir and
the downswream pool regularly 10
determing the quantity of water in the
reservoir and its levef relative to the
repular outlet works and the cmer-
aency spillway, The water level is
also used to compute waler pressure
and pore pressure; the volume of
seepage is usually directly related to
the reservoir level, [t is also impor-
tant to establish the normal or Lypical
flow through the outlet works for
legal purposes.

Water levels may be measured by
simple elevation gauges — either stafl
gauges or numbers painted on perma-
nent, fixed siructures in the reseTvoir
— or by complex waler level sensing
devices, Flow quantities are often
compuled from a knowledge of the
dimensions of the outlet works and
the depth of flow in the outlet channel

or pipe.

“
Wulet enters here; pressure iy exerled on g
diaphragm 2 the end of the sensing unit.

T PORE FRESSURE TERMINAL

[}
M IMURT
BAMETER
ROYRING

PNETMATIO
TRANSDUCER

porouy - —41
FILTER ]

UYERELVRDEN
—

EMBANKMENT

PLLLET
SEAL

INSTALLATION DETAIL
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6.2.5 Secpage flow - Seepage must
be monitored on a regular basis to
determine if it is in¢reasing, degreas-
ing, Of remaining constant as the
reservoir level Auctuates. A flow rale
changing relative to a reservoir water
level can be an indication of a
clogged drain, piping, or internal
cracking of the embankment. Seepage
may be measured using the following
devices and methods:

® Wejrs (any shape such as V-
natch, rectangular, trapezoidal,
et

Flumes (such as a Parshall
flzme)

» Pipe methods

+ Timed-bucker methods

¢ Flow meters

Examples of weirs, flumes, and buck-
el mecasuring installations are illus-
wrated 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 dam. This can cause two
problems: the chemical dissolution of
a natural rock such as limestone, of
the internal erosion of soil.

P LOCH

STAMNIIFIFE

i
= SAND BACKEILL

Figure &.6 - Typlcal Observation Well Instaliation
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Dizsolution of minerals can often be
detected by companng chemicat
analyses of reservoir water and
secpage water. Such tesis are gite
speciilc; for example, in a limestone
area, one would look for calzium and
carbonates, in a gypsum area, cal-
cium and sulfates, Other tesis, such
as ph can aiso somctimes provide
useful  information  on  chemical
dissolulion,

[ntemal erosion can be detected by
comparing turbidity of reservoir
water with that of seepape water. A
large increase in turbidity indicates
erosion.

6.2.7 Temperatere - The internal
temperature of concrele dams s
commonly measured both during and
after eonstruction. During construe-
tion, the heat of hydration of freshly
placed concrete can create high
stresses which could result in later
cracking. ARer construction is com-
Pleted and a dam is in operation, it is
not uncorrunen for very significant
temperature  Jiffereatials 1o exist
depending on the seasoa of the vear.
For example, during the winter, the
upstréam face of a dam remaing
relatively warm because of reservoir
water temperature, while the down-
slream face of the damis reduced to a
cold ambienl air temperalure, The
reverse is true in the summer, Tem-
perature Mmeasurements are impor-
tant both to determine causes of
movemend due to expansion or con-
traction and to compute actual move-
ment. Temperature measurements
can be made by using any of several
different kinds of cmbedded ther-
mometers or by making simultancous
temperature readings on devices such
as stress and strain meters which pro-
vide means for indirectly measuring
temperature of the mass.

6.2.8 Crack and joint size - A
knowledge of the localions and
widths of cracks and joints in con-
crete dams and in conerete spillways
and other concrete appurtenances of
embankment dams i  important
because of the potential for seepage
through those openings. Even more,
it is important o know if the width of
such openings is increasing or de-
creagsing. Various crack and joint
measuring devices are available, and
most allow very accurale measure-
ment. Some ase simple lape or dial
gauges, while others use complex
electronics to gain measurements.
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6.2.9 Seismic activity - Scismic
measuring devices record the inlen-
sity and duralion of larpe-scale sarth
movements such as  earthquakes.
Many federal and state dams use
these instruments because they are
pari of the U5, Geological Survey's
network of seismic recording stations.
It may or may nol be necessary fora
private dam to contain any seismic
devices depending upon whether it is
in an area of significant seismie risk.
Seismic instruments can also be used
o monitor any blasting conducted
near a dam site.

6.2. 10 Weather and precipitation -
Monitonng the weather al a dam site
can provide valuable informalion
about bolh day-lo-day performance
and developing problems. A ratn
gaupe, thermometer, and wind gaupe
can be easily purchased, imstalled,
mainiained and monilored al a
dam xile.

8.2.11 Stress and sirain - Measure-
ments t¢ determine stress andfor
srain are commen in concrete dams
and to a lesser extent, I embank-
ment dams. The monitoring devices
previously listed for measuring dam
movemnents, crack and joint size and
temperature are also appropriate lor
measuring stress and sirain, Monitoe-
ing for stress and strain permils very
early detection of movement.

6.3 FREQUENCY OF
MONITORING

The frequency of instrument readings
or making ohservaiions 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

o Relative seismic risk ar the
site

» Age of the dam

* Freguency and amowunt of water
level fluctuation in the reservoir

in general, as each of the above Ffac-
10rs increases, the frequency of mon-
itoring should increase. Forexample,
very frequent {even daily] readings
should be taken during the first flling
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 cach visit to
the dam and not tess than monthly.
Daily or weekly readings should be
made during the Nest filling, im-
mediale readings should be taken
following a storm or carthguake, and
significant seepape, movemenl, and
stress-strain readings should prob-
ably be made at least monthly.
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CHAPTER 7

MAINTENANCE GUIDELINES

7.0 GENERAL

A pood maintenance program will
proteet a dam against delenoration
and protong its life. A pexwly main-
tained dam will deteriorate and can
[ail. Nearly all the components of a
dam and the materials used for dam
eongtiuction are susceplible to dam-
aging detericration it nol properly
maintained. A goxd mainfenance
program provides not only protection
lor the owner, bul for the gencral
public as well. Moreover, the cost of
a4 proper mainienance program s
small compared to the cost of major
repairs, loss of life and propeny and
resgllant litigation.

A dam owner shovld develop a basic
maintenance program based primarily
on sysiemalic and frequent inspeg-
ttong. Inspections, as noted in Chap-
ter 4, should be done at least monthly
and after major flood or earthquake
evenls. During each inspection, a
checklist of items calling for main-
tenance should be used,

7.4 MAINTENANCE
PRIORITIES

Maintenance is & task which should
never be neglected. IF it is, several
areas ultimately will need attention --
some of greater concern than others,
The following outline lists, by rela-
tive priorily, the various problems or
conditions that might be encountered
in z deteriorated dam

7.1.1 [mmediate maintenanee -The
following conditions are critical and
call for immediate attention:

* A dam aboul o be overtopped or
being overtopped

* A dam about to be breached (hy
progressive erosion, slope lailure,
or ather cireumstances)

# A dam showing signs of piping or
intermal ¢rosion  indicated by
increasingly cloudy scopape or
other symptoms

» A spillway being blocked or
oltherwise eendered inoperable, or
having nommal  discharge  re-
siricted

o Evidence of eacessive secpage
appeanng anywherg at the dam
sitg (an embankment becoming
salrgled, scepage exiting on the
downstream  face of a dam)
increasing in volume,

Ajthough the remedy for some criti-
cal problems may be abvious (such
a3 clearing a blocked spillway), the
problems listed above geneeally
vequire the services of a Professional
Engineer familiar with the construc-
tion and maintenance of dams. The
gmergency action plan {discussed in
Chapter 8) should be activated when
any of the above conditions arc
noted.

7.1.2 Required maintenance af
garliest possible date - The follow-
ing maintenance should be com-
pleted a5 soon as possible after the
defective condition is noted:

¢ All underbrush and trees should
be rermoved fror the dam, and a
peid  prass cover should be
ustablished

« Froded areas and gullies on
embankment dams should be re-
stored and reseeded

* Dfective spillways, pates, valvas,
and other appurtenant features of
a dam should be repaired

¢ Deterorated concrete or metal
componenis of a dam should be
repaired a5 soon  as  weather
permits

7.1.3 Continuing maintenance -

Scveral tasks should be performed on

a continuing basis:

* Routine mowing and general
maintenance

* Maintenance and filling of any
cracks and joints on concrete
dams

¢ Observation of any springs or
areas of scepage

# [nspection of the dam {as dis-
cussed in Chapter 5}

* Monioring of development in
the watershed which would
materially  incregse  runcff
from storms



# Monitoring of develupment
downstream and updating the
emergency notification plan to
include new homes or other
occupied strpctures within the
area

7.2 SPECIFIC MAINTENANCE
ITEMS

1.2.1 Earthwork Maintenance and
Repair - Deterioration of the sur-
faces of an earth dam may occur lor
several reasons. For example, wave
action may cul into the upstreamn
slope, vehicles may cause ruts in the
crest or slopes, or runoff waters may
legve erosion gullies on the down-
stream slope, Other special prob-
jems, such as shrinkage cracks or
rocdent damage, may also occur.
Damage of thiz nature must be
repaired on a continuing basis. The
maintenance procedures descnibed
below ara 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 Lo seolve 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, trash., or large
rock. Most of the earth should be
fine-grained soils or carth clods
which easily break down when
worked with compaction equipnent.
The intent is 1o uze a material which,
when compacted, forms a firm, solid
mass, free from excessive voids,

If Aow-resistant porlions of an
cnlbankment are being repaired,
materials which are high in clay or
sill content should be used. IF the
area js Lo be free draining or highly
permeable (ie., riprap bedding, etc.)
the malerial should have a higher
percentage of sand and gravel. As a
general rule, it is usually satisfactary
w replace or repair damaged areas
with soiis similar to these onginally
in place.

An important soil propeny affecting
compaction is moisture  content,
Suils which are too dry or too wet do
not compact well. One may roughly
lest repair material by squeezing it

into a tight ball. If the sample main-
tains ils shape without cracking and
lalling apart {which means it is too
dry), and without depositing excess
water gnto the hand {which means it
is too wet), the moisture content is
probably near the proper level,

Hefore placement of earth, the repair
area must be prepared by remaoving
all inappropriate material. Vegeta-
tion such as brush, roots, and tree
slumps must be cleared and any large
rocks or lrash removed. Also, unsuit-
able earth, such 3s organic or lpose
soils, shonld be removed, so thal the
work surface consists of exposed firm
clean embankment material,

Following clean-up, the affected area
should be shaped and dressed, so that
the new iill can be compacted and
will properly tig 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 pgoodl 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 mock or
arganic materiat. Soil moisture 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 backfilling, care should be
taken that fill does not become too
wel from rainstorm runoff. Runoff
should be directed away from the
work area and repair areas should be
averfilled so that the fll maintains a
ererwn which will shed water.

As mentioned ecariler, occasionally
mirer cracks will form in an earth
datn becauwse of surface drying.
These are called dessication (drying)
cracks and should net be confused
with structural or settlement cracks.
Dirying cracks are usually paratlel to
the main axis of the dam, typically
near the uopsiream or downstream
shoulders of the cresL These cracks
often run intermittently along the
length of the dam and may be up to 4
feet deep. Dryving cracks 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

wilh the same care osed for structural
cracks. The problem area should be
marked with sutvey 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
obierved cracking is the result of
shrinkage or drying, an owner may
stop monitonng,

However, these cracks will close as
climalic or soil moisture conditions
change. If they do not, it may be
necessary 1o backfill the cracks to
prevent entry of surface moisture
which could result in satoration of the
dam. The cracks may be simply filled
with earth that is tamped in place
with hand or tools. It is also recom-
mended that the crest of a dam be
graded to direct runoff waters away
from areas damaged by drying
cracks,

As Chapler 5 suggests, erosion is one
of the most commeon maintenance
ptoblems at embankment structures.
Erosion is a natural process, and its
continwous forces will evemually
wear down almost any surface or
gtruclure. Periedic 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-
veniing erosion. Embankment slopes
are normally designed and construct-
ed so that swface drainage will be
spread out in thin layers (sheet flow)
on the grassy cover. When embank-
meni sod is in poor condition or flows
are concentrated al 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 repaired to prevenl more
serious damage to the embankment
Rills and pullies should be filled with
suitable soil (the upper 4 inches
should be top soil, if possible,) com-
pacted, and then seeded. A local Soil
Congervation Senice Officer can be
very helpful in selecting the types of
grass to use for dam surface protec-
tion. Erosion in large gollies can be
stowed by stacking bales of hay or
straw across the gully until perma-
nent Tepairs can be made.

Mot 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, seitlement, pad-
estrian iraffic, animal burmrows, or
ather factors. The cause of the ero-
sion wilk have a direct bearing on the
type of repair needed.

Paths due to pedestrian or two-wheel
and four-wheel vehicle traffic are a
problemm on many embankments. If g
path has become established, vegeta-
tion will not pravide adequate protec-
tion and more durable cover will be
reguirgd unless traffic is eliminated.
Small stones, asphalt, ar concrete
may be used effectively to cover foat-
paths. [n additton, railroad ties or
other ireated wood beams can be
embedded inte an embankment slope
o form an inexpensive stairway.

Erosion is also common at the point
where an embankment and the con-
crete walls of a spillway or other
sbructure meet. Poor  compaction
adjacent to such a wall during con-
struction and subseguent seittement
can result in an arca along the wall
lower than the grade of the embank-
iment. Bunodl, thergiore, often con-
cetdrates  along  these  structures,
resulting in erosion. People also fre-
quently walk along these walls, wear-
ing down the vegetal cover. Possible
sclulions include regradiog the area
s that it slopes away from the wall,
sdding more resistant susce protec-
tion, or constructing wooden steps.

Adequate crosion protection is also
necded along the contact between the
downstream face of an embankiment
and the abuimenis. Runoff from rain-
fall can concentrate in gutters con-
structed in these areas and can reach
crosive veloeities because of relatively
steep slopes. Berms on the down-
stream fzee that collect surface water
and ¢mply into these gutlers add to
the cunoff volume, Sod-surfaced gue-
ters may nol adequately provent erg-
sion in these areas, Paved concrels
gutters may nol be desirable either
becausc they do not slow the walter
and can be undermined by erosion.
Also, small animals oflen construct
burrows underneath these gulters
adding to the crosion polential,

A well-graded mixture of rocks up o
Y to 12 inches in diameter (or larger)
Placed on a layer of sand {filter)
peneraliy provides the best protec
tiern for these gutlers o smakl dams,
Riprap slushed with a thin concrete
shamy has zlso been successful in
preventing erosion on larger dams
snd should be used if large stone
material is not available.

As with erosion around spillways,
grosion adjacent (o gutlers resulls
from improper construction or a poor
design in which the finished gutter is
too high with respect to adjacent
gpround.  This condition prevents
much of the runoff water from enter-
ing the gutter. Instcad, the flow con-
centrates along the side of the gutter,
erodes and may eventually under-
mine the putter.

Care should be taken when replacing

Failed puiters or designing new gut-

tzrs to assure that

# The channel has
capacity

* Adequale erosion protection and
a satisfaclory filier have been
provided

& Surface runoff can easily enter the
gutter

& The cutlet is adequately protested
from erosion

adequate

7.2.2 Riprap maintenance and
Tepair - A serious erosion problem
catled “*heaching™ can develop on the
upsircam 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 Lthe poul
clevation, 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 s0il can be
rapid and, dunmng a severe stom,
conald Tead to complete failure of a
dam,

The upstream face of & dam is com-
menly protected against wave erg-
sion and resultant beaching by
placement on the face of a layer of
rock riprap over a layer of filter
maierial. Somelimes, materials such
as steel, hituminous oF concrele fac-
ing, bricks or coacrete blocks are
used for this upstream slope protec-
tion. Prolective beaches are some-
times actually built into small dams
by placing a berm (8 1o 10 feet wide)
atong the upstream face a short dis-
tanee below the normal pooi level
thereby providing a surface on which
wave energy can dissipate. Generally,
however, rock riprap provides the
most  econcmical  and  effective
protection.

Neonetheless, beaching can ocour in
existing riprap il the embankment
surface is not properly protected by a
filler. Water running down the slope
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under the nprap can erode the
embankment, Sections of riprap
which have slumped downward are
often signs of this kind of beaching.
Similarly, concrele facing used 1o
protect slopes may fail becauss
waves wash soil mom beneath the
slabs through joints and cracks.
Detection of this problem is difficul;
because the woids are hidden and
failure may be sutiden and extensive,
Effeetive siope pratection must pre-
venl soil from being removed from
the embankment,

When erosion ocouts and beaching
develops on the upsircam slope of a
darmn, repairs should be made as soon
ay possible. The ponl tevel should be
lowered and the surface of the dam
prepared for repair. A small berm or
“bench™ should be buill across the
face of the dam at the base of the new
layer of protection 1o belp hold the
layer in place. The size of the bench
nezded depends on the thickness of
the protective layer,

A riprap layer should extend a
minimum of 3 fect below the lowest
expecled normal pool level, Other-
wisg, wave aclion during perieds of
low lake level will undermine and
destroy the prolection,

[f reck riprap is used. it shoukd con-
sist of a helerogeneous mixture of
irregular shaped stone placed over a
sand and gravel fiiter. The larpest
rock must be large cnouwgh in both
size and weiglt to break up the
cnergy of the maximum cxpected
waves and hold smaller stones in
place. {An cagincer mayv have to be
consulted to detcmvine size.) The
smaller rocks help to fli the spaces
between the larger pieces and 1o form
a stable mass. The filter preveniy seii
particles on the embankmenl surface
from being washed out through the
spaces between the rocks in the rip-
rap. If the filter material tself can be
washed out thyough these voids and
beaching develops, two layers of
fillers may be required, The lower
layer should be composed of sand or
filter fabric 1o protect the soil surface
andd the upper layer should he com-
posed of coarser material.

A dam owner sioubd cxpect some
riprap  detedoration hecause  of
weathering, Freezing and (hawing,
wetting and drying, abrasive wave
action and other nalwral processes
will evenmally break down  the
malerial. Therefore, sufficient wmain-
tenance funds shoubd e atlocaled for
the regular replacement of riprap.
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The useful life of riprap 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 ocour mare
often than once every three ta five
years, professional advice should be
sought to desipn more effective
slope protection.

7.2.1 Vegetation maintenance - The
entire dam shouid be kept clear of
unwanted vegetation such as brush or
trees. Excessive growth may causc
several problems:

& 1t can obscure the surface of an
gmbankment and prevend s thor-
ough inspection of the dam

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

e Some root systems can decay and
rof, providing passageways for
water, and thus causing erosion

e {rowing root systems can lift
eancrete slabs or structures

# Weeds can prevent the growth of
desirable grasses

# Rodent habitats can develop

When brush is cut down, it should be
removed from & 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. In cases where
they cannot be removed, rogt sys-
tems can be treated with herbigide
{properly applied) to retard further
growth. After the removal of brusk,
cutlings may need to be burmed. IF
this iz 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
unly an effective means of controlling
..roston, it also enhances the appear-
ance of a dam and provides a surface
that can be easily inspected. Grass
oty and stems tend to trap fine sand
and sail particles, forming an erosion-
resistant layer once the plants are
well established. (rass is least effee-
Jve in areas of concentrated runoff or
in areas subjected to wave action,

7.2.4 Livesiock control - Livastock
ihould not be allowed to graze on an
ambankment surface. When sail is
wetl, they can damage vegelalion and
castroy the uniformity of the surface.

Morzover, livestock tend to walk in
established paths and thug can pro-
mote severe erosion, Such paths
should be regraded and seeded, and
the hvestock should be permanently
fenced out of the area

1.2.5 Rodent damage control -
Rodents, such as proundhogs {wood-
chucks), muskrats, and beavers are
naturally atiracted to the habitats
created by dams and reservoirs and
can, by their behavior, endanger the
structural integrity and proper perfor-
mance of embankments and spillways.
Groundhog and muskrat burmows can
weaken embankments and can serve
as pathways for seepage. Beavers can
plug a spillway and raise the pool
level, Rodent control is essentizl to
the preservation of a datn.

The groundhog is the larpest member
of the squirrel family. Its coarse fur s
a typically grayish brown with z red-
dish casl. Occupied groundhog bur-
rows are easily recopnized in the
gpring because of the groundhog's
habil 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 1o nearby felds, and clawed or
girdied trees and shrubs also indicate
irthabited burrows and dens.

When burrowing intc an embank-
ment, groundhogs stay above the
phreatic surface (upper surface of
seepage o saturation} to stay dry.
The butrow is rarely a single tunnel. I
is usually forked, with more than one
entrance and with several side pas-
sages or rooms from | o 12 leel in
length.

Cantrols should be implemented dur-
ing early spring when aclive burrows
are easy to find, younp groundhops
have not yet scattered, and there is
less Likelihood of damage to other
wildlife. In summer, fall, and winter,
garne aninals may scurmy into ground-
hog burrerws for brief protection and
may even take up pennanent residence
during lhe perind of proundhog
hibernation,

Groundhogs can be controlled with
fumigants or firearms, Fumigation is
the most practical method although
around buildings or high fire hazard
argas, shooting may be preferable.
Gas cartridges for fumigation may be
purchased at local farm exchanges,
farr supply centers, and many county
extension offices.

Groundhogs will be discouraged from
inhabiting an emtbankment if Lhe grass
cover is kept mowed.

The muskrat is & stocky rodem with a
broad head, short legs, small eyes,
and rich dark brown fur. Muskrats are
chicfly nocturnal and can be found
wherever there are marshes, swamps,
ponds, lakes, and streams having
calm or very slowly movinp water
with vepetation in the water and along
ihe banks,

Barmiers, such as properly construct-
ed riprap and filter lavers, provide the
nost practical protection from mugk-
rats by preventing burrowing, As a
muskral trigs 1o construct a burmmow,
the sand and gravel of a filter layer will
cave in and discourage den building.
Filter layers and riprap should extend
atleast 3 feet below water line. Heavy
wire fencing laid flat apzinst a slope
and extending above and below the
waterline can also be effective, Elimi-
nating ot reducing aguatic vegetation
along a shoreling will also discourage
muskrat habitation. Trapping with
steel traps is normally the most practi-
cal method of removing muskrats that
have already inhabited a pond.

The easily recognized beaver, if in-
habiting an area avound a dam, will try
to plug the spillway with their cui-
tings. Routinely removing the cuttings
can alleviale 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 4 local
fur trapper will perform the work at Hi-
tle or no expense to the owner,

Methods of repairing rodent damage
depend upan the nature of the damage,
but in any case, extermination of the
rodent population is the required lirst
step. If the damage consists mostly of
shallow holes scattered across an
embankment, repait may be necessary
to maintain the appearance of the
dam, to keep runoff waters from infil-
traung the dam, or to discourage
rodents from subsequently returning
to the embankment. In these cases,
tamping of earth into the rodent hole
should be sulficient repair. Soil should
be placed as deeply as possible and
compacted with a pole or shovel
handle,

Large bummows on an embankment
should be filled by mud-packing. This
simple, inexpensive method involves
placing one or two lengths of metal
stove oT vent pipe vertically over the
entrance of the den with a tight seal



hetween the pipe and den. A mud-
pack miktore is then poured into the
pipe until the burrow and pipe are
filled with the earth-water mixcure.
The pipe s removed and additional
dry earth is tamped into the entrance.
The mud-pack mixture is made by
adding water to a2 ¥ percent earth and
10 percent cement mixture unpl g
shuery of thin cement is attained, Al
entrances should be plupgped with
well-compacied earth and vegetation
re-estabiished. Dens shouid be elim-
inated promptly becanse one burrow
can lead to failure of a dam,

Different repair measures are neces-
sary if & dam has been damaged by
extensive small rodent tunneling or by
geaver of muskrat activity. In these
cases, ‘t may be necessary to exeavate
the damaged area down e competent
soil and repair as deserbed in Sec-
tion 7.2.1.

Gecasiontally, rodent activity  will
result in passages which extend
through the embankment that could
result in jeakage of reservoir waler,
piping, and, ultumately, failura. In
these cases, the downstream end of
the tunnet showld not be piugged
since this will add o the saturation of
the dam. Tunnels of rodents or
ground sguirrels will normally be
above the phreatic surface with
primary entrance on the downstraam
sige of the dam, while those of beaver
and muskrat nonnally exist below ar
#t the water surface with entrance on
the upstream slope. If 2 rodent haote is
found that extiends through the dam,
the best procedure is Ast o locate
the upstream end of the passage. The
areg around the entrance should be
excavated and then backfilled with
impervious material. This places a
plug or patch at the passape entrance
s0 that reservoir waler is prevented
from saturating the imerior of the
dam. This should be considered a
temporary repair, Excavation and
kaciiilting of the entire tunnel or Gil-
g of the tunngt with cement grout
are possible long-term solutions, but
pressure  cemernd  grouting is  an
sxpensive and sometimes dangerous
procedure. Indeed, pressure exeried
during grouting can cause additional
damage to the embankment in the
vy of hydrauwlic fracturing {an
apening of cracks by high pressure
erouting}. Thus, grouting should be
nerformed only under the direction of
afh cngineer,

1.2.6 Teaffic damage cantrol - As
mentioned cariler, vehicles driving
across an embankment dam can
create ruls in the dam crest if the
crest is not sufaced with roadway
material, The ruts can then coliect
water and cause saturation and sof-
tening of the dam. Ciher ruts may be
formed by vehicles driving up and
down a dam face. These ruts can
collect runoff and resull in severe
erosion. Yehicles should be banned
from dam slopes and kept out by fen-
ces or barricades. Any ruis should be
repaired 3% 5000 as possible using the
methods cutlinad in Section 7.2.1.

7.2.7 Mechanical maintenance -
Proper operation of a dam’s owlet
works is essental 1o the safe and
satisfactory aperation of a dam.
Release of water from a dam is nor-
mally a frequent or ongeing function.
However, an some reservoirs used
for recreation, fish propagation, or
other purposes that do not require
continual release of water, an aper-
able cutlet provides the only means
for the emergency lowering of the
reservoir and is therefore, essential
for the safety of the dam.

If routine inspection of the outlet
works indicales 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
instzllation, significantly reduce the
useful life of the structure, and result
in more extensive and more costly
repairs when finglly done, More
importantly, lailure to maintain an
ocutlet system can lead directly to
failure of Lhe dam,

The simplest procedure to insure the
smoath operation of outlet gates 15 to
operate all gates through their full
range at least once and preferably
twice annuadty. Many gate manufae-
turers recommend aperating pates as
often as four times a year, Because
operating pates under full reservoir
pressure can result in larpe outlet dis-
charges, gate testing should be
scheduled during pericids of low
storage. If this cannot be done, they
should be operated dunng periods of
low stream flow. If large releases are
expected, outlets should be tested
only after coordinating releases with
water administration officiats 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. Durng 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 a5 neeessary.

The way the gale aclually operates
should also be noted. Rough, noisy,
or erratic movement could be the ficst
signs of a developing problem. The
cause of operalional probiems should
be investigated and  corrected
inmediately,

Excessive force should be neither
needed nor applied to cither vaise or
lower a gate. Most hoisting mech-
anisms are designed to operate satis-
faciorily with a maximum force of 40
pounds on the operating handle cr
wheel_ If excessive force seems to be
needed, something may be binding
the mechanisal system. The applica-
liovn of excessive force may result in
increased binding of the gate or
damage to the outlet works. If there
does seem Lo be undue resistance, the
pate should be worked up and down
repeatedly in short strokes until Lhe
binding ceases, and/or the cause of
the problem should be invesiigated,
Of course, the problem should be
corrected as scon as possible to
assure the continued operabitity of
the gate.

If a gate does not properly seal when
closed, debriz may be lodged under
or around the gale leaf or frame. The
gate should be raised ar least 2 to 3
inches to Aush the Jdebris, and the
operator should then attempt to
reclose the gate. This procedure
should be repeated until proper seal-
itg is achieved. However, if this
problem or any other problem per-
sists, g manufacturer’s representative
or enginger expetienced in gate
design and  operation should he
cotsulted,

An outlet gale operating mechanism
should always be weli lubricated in
accordance  with  manufzciurer's
specifications. Proper lubrication
will not only reduce wear in the
mechanizsm, but  also  proteet it
against adverse weather. Gates wilh



oil-filled stems {i.e., stems encased in
a larger surrounding pipe) should be
checked semiannually o assure the
proper oil level is maintained, If such
mechanisms are neglected, water
could enter the encasement pipe
through the fower oil seal and could
cause failure of the upper and/or
lower seals which in turn could lead
1o the corrosion of both the gate stem
and interior of the encasememt
pipe.

The metal uwsed in gate seats is
wsually brass, stainless steel, bronze,
or other rust-resistant alloys. Older
or smaller gates may not he frned
with seats, making them susceptible
to rusting at the contact surfaces be-
tween the gate leaf and gate frame.
Operation of gales 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 alipnment and
support is supplied by stem puides in
sufficient number and properiy spaced
aglong the stem. Stem guides are
hrackets or bearings through which a
slemy 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,

The alignment of a stem should he
checked during routine inspections.
Alipnrnent 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
upstreamy/downstreamn  direction as
well as in a lateral direction 1o ensure
straiphtness. While checking align-
ment, all gate stem guide anchors and
adjusting bolts shouwld be checked for
tightness, A loose guide provides no
support to the stern and could cause
buckling of the stem at that point.

If during normal inspection, the stem
appears out of alignment, the cause
shoutd be repaired. The gate should
be eompletely lowered and all Len-
sion or compression taken off the
stern, Any misaligned stem guides
should be loosened and made to
move freely. The hoisling mechanism
should then be operated to put ten-
5ion on the stemn, thereby straighten-
mg i, but the gale ghould not be
opened. The affacted guides should
then be aligned and fastened so that
the stem passes exactly through
their centors.

Many ootlet gates are equipped with
wedpes that hold the gate leaf tightly
apainst the pate frame as the gate is
closed, thus causing a tight seal,
Through years of use, gate seats may
become wom, causing the gate to
leak increasingly. If an installation
has a wedge system, the leakage may
be substantially reduced or aliminated
by readjusting the wedpes.

Because adjustment of thege pates is
complicaled, inexperienced person-
nel can cause sxtensive damage to a
gate. Improper adjustment could
cause premature seating of the gate,
possible scoring of the patc seals,
binding of the pate, pale vibratiom,
leakage:, uneven closimg of the pate,
or damage to0 wedpes or gate guides.
Thus, only experienced personnel
should perform adjustments, and a
gate supplier or manufacturer should
ke consulted to obtain names of peo-
pie experienced in such work.

Ice can exert greal force on and cause
significant damage to an outiet gate
leaf, Storage levels in a reservair 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 pate if storage is maintained
throoph the winter ar, if the reservoir
ig to remain empty over the winter
months, the outlet should be lefi fully
open, If operations call for the water
level to move across the gate during
the winter, a bubbler or other anti-
lcing system may be needed.

7.2.8 Electrical maintenance -
Eleciricity 1z typically uwsed at a
darn te;

Provide lighting

Operate outiet gates

Operate recording equipment
Operate spillway gates

Operate  other  miscellanecus
equipment

It is important thal an elecirical sys-
tem be well maintained. Main-
tenance should include a thorough
check of fuses and a test of the sys-
tem to ensureg that alt parts are prop-
erly funclioning, The elecirical systein
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 immediztely, and records of
the repair work should be kept
Generators uscd for auxiliary emer-
gency power must also be main-
tained. This work includes changing
ail, cheeking batteries and antifrecze

and epsoning that fuel iz readily
available.

7.2.9 Cleaning - As already sug-
gested, the proper operation of
spillways, sluiceways, approach
channels, inletfoutlet structures, still-
ing basins, discharge conduit, dam
slopes, teashracks, and debris control
devices require reguliar and thorough
debris removal and cleaning. Clean-
ing is especially important after
upstream storms which tend to send
more debris into the reservoir.

1.2.10 Coenercte maintenance -
Also as mentioned, peroedic main-
tenance should be performed on all
concrete surfaces 1o repair dateri-
orated areas, Concrete deterioration
should be repaired immediately when
noted; it is most easily repaired in its
carly stages. Deterioration can
accelerate and, if left unattended, can
result in serions problems or dam
failure. An experienced engincer
should be consuvited 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 farrous metals muos)
either be painted or heavily preased.
¥ painted, the paint should be
appropriaie and applied following the
paint manfacturer’s directions.

When areas are repainled, steps
should be taken to assure that paint
does not get on gate seats, pate
wedges, or gate stems where the
stems pass through the stem guides,
or on ather friction surfaces where
paint ¢ould 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 peridic applica-
tion of greasc.
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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 ¢ertain 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 prepare for this
possibility by developing an emer.
gency action plan which provides a
systemalic means to:

* Identify emergency conditions
threatening a damn

» Expedite effective response ac-
tions to prevent Failure

* Reduce loss of life and property
damape should Failure oceur

A dam owner is responsible lor pre-
paring & plan stating the above pur-
poses and listing actions that the
owner, the operating personnel and
local govemment authorities should
take. A plan should include sections
o

Purpose: findicated above)
Situation:

¢ A list of problem indicators (see
the checklist included in Table
R.3}

* A summary of communities in the

potential inundation zone and
flood travel times

o A list of anticipated Fajlure situa-
tions that can be used as a guide
for appropriate responses such
as;

o Failure pending - stracture can
likely be saved with immediate
remedial action

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

& Failure in progress - no chance
to save the siructure

* Flooding expected or in pro-
gress upstream from the dam
site

* Any other conditions peculiar
to this dam

Execution:

& A list of remedial actions to pre-
vent failore (see Section 8.2.)

# A plan for notification of down-
stream communities that allows
the greatest possibie time to warn
and evacuate residents should
faiture occur and a list of tele-
phone numbers of emergency pre-
parednéss  officials in  each
community (There & an impor-
tant distinction between notifica-
tion and warning. Notification is
the responsibility of the dam
owner, he or she musi notify com-
munity emergency officials of
itnpending fatlure. These officials
must then warn the public and
gvacuate them from the inunda-
tion zone if necessary. Public
warning processes necd not be
fully specified in the dam owners’
cmergency action plan.)

Resources and Coordinating

Instructions:

® A list of those who ¢an be of assis-
tance, related telephone numbers,
and radio call signs

« A list of malerals for use in
remedial action; for example,
sandbags, high intensity lighting
for night repairs
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A dam owner should make Al use of
other persons who are concerned
with dam safety. Cooperative plan-
ning can greatly benefit all parties
and result io 2 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
ard towns

Local police, county sheriff

Local emergency officials

Local fire department

County highway department

Local construction companies

MNews media serving the ares (radio,
TV, newspaper}

Mearby engineering firms

Professzional diving services

Helicopter services

Hospital andfor ambulance services

STATE AGENCIES
State Enginesrs office

State Engineer
Diam Safety Branch
Local water commissioner
Division enginsar
Staie office responsible for disaster
SIMETEENCY  Services
Stare Highway Patrol
Department of highways
Department of health

FEDERAL AGENCIES

Bureau of Reclamation

U.5. Forest Service

Mational Park Service

U.5. Army Corps of Engineers

Federal Bureau of Investigation

Federal Emergency Management
Agency

Federal Energy Regulatory
Commission

United States Geological Survey

A checklist 1o assist in the develop-

ment of an emergency aclion plan is

provided at the end of this chapter. A

dam owner should use this list to

develop a plan and to update the plan

periadically thereafter as conditions

change (see Tahle 8.3).

TABLE 8.2
POTENTIAL PROBLEMS
AND IMMEDIATE RESPONSE ACTIONS

OVERTOPPING BY FLOOD WATERS
+ Open outlet to its maxicmum safe capacity

» Place sandbags slong the crest to increase freeboard and force more water through the

spillwey and cutlet

s Provide ¢rosion-resistant protection to the downstream slope by placing plastic sheets

or qther matenals over ending areas

® Dhvent flood waters around the reservoir basin if possible

¢ Creale additional spillway capacity by making a controlled breach in a low embank-
ment or dike section where the foundation materials are erosion resislant

LOSS OF FREERDARD OR DAM CROSS SECTION DUE TO STORM

WAYE EROSION

s Place additional riprap or sandbags in damaged areas to prevent further

embankment erosion

& Lower the water level to an elevelion below the damaged area

» Restore freeboard with sandbags or earth and tockfill

» Continue close inspection of the damaged area until the storm is ower
SLIDES ON THE UFPSTREAM OR DOWNSTREAM SLOPE OF THE

EMBANKMENT

# Laowsr the water level at a rate and to an elevalion considered zafe given the slide con-
dition. If the cutlet is damaged or blocked, pumping, siphoning, or a contrelled breach

may be required

# BRestore lost freeboard if tequired by placing sandbags or filling in the top of the

slide

* Stabilize slides on the downstream slope by weighting the toe ares with additional soil,

mck, or gravel

EROSIONAL FLOWS THROUGH THE EMBANKMENT, FOUNDATION,

OR ARLUTMENTS

* Plug the flow with whalever matenal 15 avadable (hay bales, bentonite, or plastic
sheetipg if the entrance o the leak is in the ceserveir basin)

» Loawer the water level unal the flow decreazes to a non-erosive wvelocity or until it

Stops

& Plece a protective sand and gravel filler over the exit area to hold materisls in

place

+« Continue lowering the watar level untit & safe elevalion is reached
& Conlinue operaung at a reduced level until repaits can be made

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. Failure is most often
caused by overtopping, water flowing
through 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 cauvse failure,

At a minimum, a dam owzer should
inclede in the “*Sitwation” pertion of
the plan a reminder to check the his-
ory 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 fanlts

* Flooding, storms, snow melt
runcff

* Landslides

Reporting a Dam Safety Incident-
When reporling a dam incident, all
directions for example “left of* or
“right from") are from the point of
view of an observer facing down-
gtream.

When an “indicator” or dangerous
condition appears, a dam owner or
responsible agent must taks immed-
iate action, If failure is possible, that
person should report the situation to
state and local dam safety auvthorities
immediately. The repor should
include:

» The pame 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 prowct the damaged structure, such as closing an
outlet or providing temporary protection for a damaged spillway

e Employ experienced professional divers i necessary (o assess Lhe problem and

possibly implement repair

# Lower the water level (o a safe elevation. If the oullet is inoperabls, pumping, siphon-

ing, or & conlroled breach may be required

MASS MOVEMENT OF THE DAM ON ITS FOUNDATION,
{SPREADING OR MASS SLIDING FAILURE)

# Immediately lower the water level until excessive movement slops

« Continue lowering the water until 3 safe level is reached

* {Continue operating at 2 reduced level unbl repairs can be made
EXCESSIVE SEEPAGYE AND HIGH LEVEL SATURATION OF THE

EMBANKMENT
= Lower the water o a safe fevel

s Continue frequent moniloring for signs of shdes, cracking or concentrated seepage
» Continuc opecation at a reduced level until repairs can be made
SPILLWAY BACKCUTTING THREATENING RESERVOIR

EVACUATION

s Reduce tha flow over the spillway by fully opening the main oundel

& Provide temporary protection at the point of ercsion by placirg sandbags, rnprap
materials, or plastic sheels weighled with sandbags

* When inflow subsides, lower the water to a safe level

+ Contnue operating at a low waler level in order (o minimize spillway flow
EXCESSIVE SETTLEMENT OF THE EMBANKMENT

@ Lower the water level by releasing it through the outlel or by pumping, siphoning, or a

conlrolled breach

= If necessary, restore freeboard, preferably by placing sandbags

2 Lower water o a safe level

¢+ Continus operaling at a reduced leve] until repairs can be made
LOSS OF ABUTMENT SUPPORT OR EXTENSIVE CRACKING IN

CONCRETE DAMS

s Iower tha water level by releasing il through the outlet

# Implement nolfication procedures

& Apempt to block water movement through the dam by placing plastic sheets on the

upstream lgoe
& Lowering water 1o 8 safe level

« The name of the dam, lake or
reservoir, and river, stream, or
ributary the dam iz located on

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

o A deseription of the problem (for
exammple,  excessive  leakage,
cracks, sand boils, slides, wet
spots, cle.)

@ 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 faet to the right of the outlet
ar abutment) and in terms of what
part of the dam is actually affected
(for example, upsiream slope,
crest, of downstream slope)

A description of Lhe extent of the
problem area

An estimate of the goantity of
unusual flow as well as a descrip-
tion of flow quality (clear,
cloudy, muoddy}

A reading of the water levelin the
reservoic relative 1o the dam’s
crest, spiflway and/or the gauge
tod

An indication of whether the
water level is rising or falling
An indication of whether the
situation appears to be worsening
An indicaton of whether the
problem appears to be contain-
able or is an emerpency

The corrent weather conditions at
the site

Anything else  that seecms
important

Fa

A reporting form s included in
Appendix B of thiz 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-
guently visit the dam site. An up-to-
date report form and accurate report
will permit intellipent assessment of a
problem situation and proper imple-
mestation of an emergency action
plan.

Immediate Response Actions -
Response actions should be listed in
the “‘Execution” section of the
emergengy acton plan according to
the problem or indicators being
addressed {as in Table 8.2).

8.2 GUIDELINES FOR
EMERGENCY NOTIFICATION

An essential part of the " Execution”
Section of an emergency action plan
is a list of apencies/persons o be
notified in the event of a potential
failure. 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
waming and evacuation procedures
lor the public or who might be able to
assist a dam owner in delaying or
preventing failure. The foilowing
apencies can offer emergency assis-
tance i failure of a dam appears
immingnt
# lLocal sherff, police, and/or
fire departments
* [.ocal disaster emergency agency
= County engineer
* State department responsible
for dam safety
» State disaster emergency Sserv-
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 transmitter, if
possible. It should be periodically
(once or twice a vear}) verified and
updated as necessary. It should
include individual names and titles,
locations, office and home telephone
nambers, and radio frequencies and
call sipnals if appropriate. Special
procedures should be developed lor
nighttime, holiday, and weekend
notification and lor notification dur-
ing & severe storm when telephones
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may not be working or highways may
ke impassable.

The notification element of an
emergency action plen 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 showid 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,
MNotification of that olficial s the
clear responsibility of the dam owner
who should know the toles 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 cvery ime a person
changes jobs).

Certain key information must be
included in every notification plan
including information about potential
inundation areas and Lravel times for
the breach {Aood) wave. Inundation
maps showing potential areas of
Nooding 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, Crverview: Use formal suggesied
in paragraph .0,

L. Are reporiing procedures
clear in showing what data
musl be collected and what
informaticn  shoold be e
partad?

2. Arz termis in the plan defined
s0 that users will have no
questions about the nature of
the situation?

4. Failere vs. impending
faiture
b. emergency situation vs,
polential probiem
€. rapidly vs. slowly devel-
oping situation
B. Problem Identification

1. Are all ndicalors of poten-
tial Failure covered in the
plan?

Slumping/slonghing

Erosion

Riprap displacement

Siides on dam or abui-

meni

Increased amount of

scepage

Cloudy or dirty seepage

Boils

Piping

Whirlpools {vortices)

Setlement

Cracks

o FR

Bags

. Sinkholes

Abnormal  instrumenta-
tion readings

o. Failure of operating
Sguipment

p- Water in the intake tower

q. Orher

2. Are all emsrgency situalions
covered in the plag?

earthquakes

floods

sLOImS

massive landslides
voleanic erupions

fires

civil disturbance
sudden waler releases
other potential disasters

3. Does the problem identifica-
ticn section list alt the possi-
ble localions of a problem?

4, Are the above eiements,
indicators and evenis suf-
ficently defined so thal the
user ¢an understand them?

Il L
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. Does the plan identily the

cause of the problem?

Can the user ascertain the
seriousness of the problem
(i.e., when the problem be-
CONES AN EMErgency}

Can the user determine what
action is needed?

Can he user aseerlain exact-
iy when o notify Ilocal
officizls and which local
officials to notify depending
om the nature of the problem?

Can the user determine what
cguipment or supplies are
aeeded for each wwpe of
problem?

Dxes the format of the plan
easily link problem iden-
tification with the action w
(ake, notilication to make,
and equipment and supplies
o use?

Does the plan include a3 list
of historical problems or
mosl common problems for
the type of dam in question?

C. Notificalion
L.

Dioes the plan contain a list
of key agency personnel
and show:

a their office and 24-hour
telephone number

b, the name of their aller-
nate

¢. which afficials 1w call
lirst

d. responsibilities of  the
officials

Dwoes the plan show the dam
tender or project manager's
responsibility in the event of
a total loss of communica-
uons?

Droes Lhe plan’s format allow
the user to find the name of
the primary contacis guick-
1¥? Has the arder of notifica-
tion bgen pricrtized?

Dxes the plan's list of tocal
officials in charge of evacua-
tion include:

a. office and 24-hour Lele-
phane oumber

. names of alternates

¢. which officials should be
contacted first

d at what point officials
should be called

2. how messages  should
be worded



5. Does the plan deseribe the
communicalion system?

a
b

under normal conditons
when backup 15 noces-
sary

Are radio call numbers
and frequencies inchrded
———_ for own radios
— _ for those o
be notilied

#. Does the plan include pro-

caduras  for

downstream

notification?

PR gw

downstream operators
other darms

industries

other agencies
recreational users

D. Local Coordination

1. Was the davelopment of the
plan coordinatcd with local
officialg?

a
b.

did apencies contribute
was Lhe plan integratecd
intoe the local plan

2. Do inundation maps provide

sufficient

information and

explanzuon’

a

el L =T LI =

[

is language understand.
able

are terms explained

is map usage explaingd
are ¢nteria explained

is travel time shown

are hazardous clevations
shown

15 flood plain indformation
available

E. Eesowrces

1. Are

resources  adeguately

identified? Does the plan
indizate how to locate emer-
gency ecuiprmenl!

a

ars equipment and sour-
ces  specifically  des-
cribed with the contact
name  and  ielephone
number incloded

are sopplies and  sup-
pliers specifically des-
cribed with the name of
tha contact and tele-
phone number included

are repair material and
LTOSI0N proteciion mater-
ial desceabed

are memos of under-
standing Loy share resour-
ces  with  povernment
entities deseribed

F. Review

1. Was there a comprehensive
teview of the plan at the time
it was developed? Was it

a
b

C.
it

[N

techmicaliy accurate
wirkable

in compliance with eri-
tcria

suflicienty comprehen-
sive

presented effeclively

1L Implementation of Plan
A. Local Coordination

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

. Have local officials had a

briefing or other explanation
af the plan? [s a recond of
such  briching maintained?
DCxid the briefing explain:

paeop

basic project dala
maps

communication networks
points of contact
notilication procedurcs

. Have effective lincs of com-

munication Tor ¢rilical eon-
diticns been set up?

. Have the dam owner and

local officials zgreed on Lheir
retationship, roles and re-
sponsibilitics during 2 dam
failure. 1s the agreement n

wriling?

%, Has the dam owner reviewed
local evacuation plans andg
discussed them with local
officials?

B. Training

1. Has a plan for exercising the
plan been developad?

2,

Have exercises been condug-
ted? Is a schedule of exer-
cises maintained?

. Have the following elements

af the plan been exercised?

problem identification
CTRCTECTICY SCENATIpR
aotification of dam cwner
and opetating stafl
notification of others
commuonicalion system
resource iisi

. Were all appropriate person-

nel involved in the test?

me pn TR

WSS peTsonnel

dam safery personnel
mAINEnance personnel
support slalt

local officials
eonbrectors and suppliers
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C. Personnel and Besource Beadi-
ness

1. Are all appropriate emplay-
ces familiar with the emer-
gency action plan?

. D all appropriate employees

have access w the plan?

- Have &1l appropriate person-

nel received Iraining in the

following?

a how to use the plan

b. identilying a problem

. identlying the severity of
a problem

d. using the comrmunication
cquipment

¢ wsing the notfication
subplan

L. overall dam safely

. Are key personncl available

24 hours a day?

. Is the division of personnei
inlg  emecgency

PESPONSE

teams appropriate”?

. Do employces  understand

their roles during emergen-
cies?

. Do key cmployess have

access o the dam during
cmergencies”?

AT resourges roady?

a
b
[

equipment

list of contractors
supplies on hand or read-
ily available

D. Updating and Reviewing

2

Is

the plan reviewed at

least annually?

Are notification procedures
regularly updaed?

a

b

names and  telephone
numbers of key staff

names and telephone
numbers of local offi-
cials

names and wlephone

wumbers of contraclors

. Is the plan reviewed 1o make

sure that;

a
b.
=

exErCises are conducbed
persornel are trained
comununication  equip-
ment is maintained
olher  equipment s
maintained

the downstream warning
syskem is i place and
operational

any new problems are
ingluded

inundation maps are still
CUIment
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CHAPTER 9
OPERATIONS GUIDELINES

9.0 GENERAL

An operations plan details each of
the safely program components
autlined in Chapter 4, and detailed in
Chapters 5 through 8. The cxtent of
an operations plan depends on the
complexity of the dam itself - factors
such as dam size, number and type of
appurtenances and operating mech-
anisms.

The operation of a dam may involve
adjusting the reservoir level, contral-
ling debris by opening and closing
valves, keeping records, and, in
general, ensuring public safety. Prop-
er operalion procedures is extremely
impartant for maintaining a safe
siructure, Many small dams do net
need a full-time operalor, but should
be checked regularly, Special opera-
tional procedurcs to be followed dur-
ing an emergency should be posted,
particularly if the owner/operator is
not always available.

2.1 OPERATIONS PLAN
GUIDELINES

Establishing an operations procedure
or plan calls for detailed documenta-
tion of the following:

» Dam and reservoir  physical
characteristics data

o Degeriptions of dam  com-
ponents {Chapter 2)

s« Operations  instructions  for
operable mechanisms {Chap
ter 93

# Inspection puidelines (Chapter
3)

* [nstrumentation and monitor
ing guidelines (Chapter 6}

« Maintenance operations guide-
lines {Chapler T)

« Emerpency operations guide-
lines {Chapter 8}

* RBibliographical
{Appendix D)

As recommended in Chapter 4,

collection and review of existing

information on the dam design, con-
souetion and structural character-

istics 1s the first step in developing 3

dam safely program. Guidelines for

information

inspections,  monitoring, — main-
tenance, and emergency action plan-
ning are presented in the other
indicated chaplers,

The operation plan should have
several seperate sections:

Section A: Background Drata

1. Vital dam statistics

2. Desenption of appurienances
Section B: Operations Instructions
and Records

. Operating instructions for oper-
able mechanisms

2. Inspection  instructions  and
forms

3. MWonitoring  instruciions  and
ferrtms

4. Mamntenance instmctions and
lorms

5. Biblography

5. Telephone list
Section & Emergency Waming
Sysiem
Sections A and B are described
briefly below and a schedule of
roartine tasks is included. Instructions
are included lor frequent Imspections,
monitoning, and  follow-up  main-
tenance. The Emergency Warning
Systern plan is discussed in Chapter
B.
9.1.1 Background Data
I. Vital dam statistics include:
a. Creneral
Type of dam
Height of dam
Length of crest
Width of crest
Angle of upstream slope
Angle of downstrearn slope
Available freeboard
Capacity lables for
LESEIVOIr
Top of dam elevation
Capacity tables of inflow
and outllow works
County tocadon
Township location
Stream name
Yeur completed
Hazard classification
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b. Spillway

o Type of spillway
Lenpth of spillway
Spillway channel elevation
MNaormal pool elevation
Available freeboard
Maximum observed flow
and date of occurrance

o Discharge tables for

spillway

c. Cutlet

e Sire, configuration and
type of cutlet

Size and type of outlet
control device

Drischarge tables for outlet
Inlet invert elevation
Outlet invert elevation
Drrainage systems and
drain locations

%.1.2 Operations I[nstractions and
Records

Operating instructions for aperable
mechanisms - The plan shoutd pro-
vide complete, clear, step-by step
instructions for operating all mecha-
nisms associated with a dam includ-
ing the outfet centrol wvalve and
spillway gates. Proper sequences
should be emphasized and sketches,
drawings, and photographs to aid in
identifying specific handles, cranks,
buttons, eto should be included The
correct method of opening and clas-
ing puard pates, gate usage during
low and high flow, openings at which
excessive vibrations are expenienced,
and operating problems peculiar to a
specific gate should alsc be listed.
For hydravlic and electric gates, a
schematic diagram shocld 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 year,
inaximum  and/or minimun carry
over storage, maximum and/or mini-
mum permissible  cutlst releases,
They should also describe operation
of the outlet to limit of prevent
cxcessive spillway flow, and the
method for periodic drainage of the
reservoir to permit thorongh outlet or
upstream slope inspection.
Inspection and Instrumentation - A
clear, step-by-step set of instructions
for conducting a comprehensive

o & 8 & A

inspection of the dam and its sur-
roundings should aiso 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  instruciions - Clear
instructions on how to use monttor-
ing instraments and how 1o take
measuremenls at monitaring points
should be prepared, a map identify-
ing each instrument and monitoring
paint should be included, and forms
for recording the data should be pro-
vided. The monitoring points them-
selves, plus any seepage or other
areas neeling special attention should
be kept clear of obscoring 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.

Monitonng can only be beneficial if
the observations are 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 ohaervation must be provided. IF
the owner's enginger i not going to
Pl or chart the data, instructions
and forms should be developed 1o
allow owners, operators, of main-
tenance personnel to do this work.
An experienced consulting enginecr
may be helpful in preparing the
needed formats.

Marintenance instructions - Instruc-
tions for performing periodic main-
tenance showld be given in detall, so
that new personnel can understand
the task and experienced personnel
can verify that they have completed
the wotk properly. All needed main-
tenance work should be identified
and listed. This list includes the tasks
described in Chapter T such as:

1. Removing brush and trces

2. Removing debris

3. Regrading the crest and/or access
roads

Removing harmful rodents
Operating and lubricating gales
Adding riprap when needed
Scaling joints in concrele facings
Cleaning drainpipes and outlets
Maintaining monitering points
Maintaining security of operat-
ing equipment

R

—_

Biblicgraphy - All available reference
material should be cataloged in a
single list. Other title, aothor or
agency responsible for publication,
date and place of publication or brief
description, and the permanent loca-
tion of the matenial (for example fil-
ing cabinet in basement) should be
included. Even materials without
titles or authors, such a3 photographs
and maintenance information, should
be listed.

Telaphone List - A comprehengive
up-to-date listing of impontant tele-
phone numbers shooid be maintained
and include:

® The ownerfoperator (home and
office) phones

* Emplovees actvely involved with
the dam

¢ The local emergency manage-
ment agency

e State police

* The local police and fire depart-
meantis

® The statz agency responsible for
dam safety

o (Qualified local enpinesring con-
sultants

* Dhownstream residents

9.2 SCHEDULE OF ROUTINE
TASKS

A schedule should be established
that incjudes both day-to day tagks
and tasks performed less Frequently
during the year. Such a schedule
serves to formalize mypection and
maintenance procedures and makes
it easy to determine when a task
should be done. As suggested in
Table 9.1, The frequency of a
required task is ¢Ren dependent upon
the hazard classification of the dam
(See Chapter 3),

9.3 RECORD KEEPING

As already suggested, operaling a
dam should include keeping accurate
records of;

1. Observations: All observations
should be recorded.  Periodic
observation of sespage is par-
ucularly important, Again, photo-
graphs are valuable for recording
observations and documenting
changes.

2. Maintenanee; Wrinen records of
maintenance and major repairs
are important for evaluating the
safety of a dam.



) Reinfall and Warer Levels: A

recard of the date, time, and max-
imom elevation of extremely high
water and associated rainfatl or
runoff is especially helpful in
evaluating the performance of a
dam and its spillway system. In
particular, records should be kept
for veservoirs that have widely
fluctuating water levels.

. Drawdown: A record should be
kept of the amount, rate, and
reason for pool level drewdown.,
. Other Procedures: A complete
record of &ll operating procedures
should be maintained.

TABLE 9.4

Pl

OPERATION PLAN SCHEDULE OF ROUTINE TASKS
Harard Classifications

Category 1 Category 2 Category 3
High Hazard Significant Low Hazard
Many lives lost, Few Lives lost, Mo Jives lost,

Frequency Excessive dunage Appreciable damage  Minimal damage

(Minimum)

Dhaily Survailtance. — —

Weekly Momtor sespaps, Surveilignce. —

Monthly Collect and examine  Collect and examine  Surveillance.
ohservation well dats.  observation well data.  Monitor seepage.

Callact and examine
observation well data

Quarterly Irspect visually. Inspect visually, —

Bi annually  Test outlet ancd — —_
spillway components.

Annualiy Inzpection by Inspection by Vizual inspection.
engineer. cogineer. Tast cullel.

Check alignments Test putlet and spill-

and movements. WAY components,
Check alignments
and movemenls.

As required  Routine maintenance  Routine maintenancs  Routine maintenance
and additional and additional and additional
inspections. inspecticns. inspections.

Check alignments
and movements,

Immediately  Additional Addidonal Additional

aftar floods  inspections. inspeclions. nspections

and earth-

quakes
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CHAPTER 10

REDUCING THE CONSEQUENCES

OF DAM FAILURE

10.0 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 mast important
measure a dam owner can take to
reduce the possibility or conseguen-
cas of dam failure, However, on a
natonal scale, an acceptable level of
dam safery is still far from being
achieved, Losses are conlinuing Lo
increase and may intensify as pop-
ulation prowth and migralion con-
tinve, From both the perspective of
the nation and the dam owner, other
steps must be taken to reduce loss of
life and propery and subsequent
liability.

Liabilities which are determinad
following a dam failure strongly
affect both organizations and people,
governments and dam owners, De-
termination of lability is the lepal
means developed by society (o
recover damages due 10 a “wrang”
{in this casc, lack of dam safety} and
is another aspect of the dam safety
problem. A thorough undersianding
of this lepal process can help the dam
owner degide the steps to be taken to
reduce liability.

A discussion of liability and its rela-
tion to a dam owner is presented
pelow, followed by a discussion of
three important measurcs beyond
that of individual dam safety that
dam owners can promote o reduce
liability -- the use of insurance, the
provision of govermmental assis-
tance, and the use of consultants.

10.1 UABILITY

The foflowing discussion reviews
general principles conccrning liabitity
and the operation of reserveirs,
Liabilizy in specific instances, how-
ever, very much depends upon the
dam, the agcident, the owner and the
jurisdiction in which the ceservoir
is located.

The liability of an owner of a reser-
voir 15 considered  general  givil

("tort™) liability, A tort is simply a
civil wrong for which an injured party
may recover damages from the re-
sponsible party. 1n most circumstan-
ces, simply causing damage 15 not
sufficient basis for the impositicn of
liability. WNegligence must accom-
pany the injury before liability is
incurred. Mowever, neglipence is not
a fixed concept; it has been modified
and changed by coun decisions over
the years. In simplest lerms, it has
been described as the viglation of &
duly 10 acl as a reasanable 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 enor-
mous scrutiny and changes over the
past 25 vears. In many instances the
duty 10 make a product safe or the
duly 1@ 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
directiy alfect dam owners because a
separate basiz of liability has long
becn imposed upon them. This stan-
dard is one of "strict liability.” Strict
liahility is not based upon fault or
nepligence, rather it is based solely
upon resuliing damage, regardicss of
faule. Strict Lability is  pgencrally
applied to those activities which are
desmed “ulira-hazardous” and oot
capable of being rendered reasonably
safe.

The whale concept of strict Lability
was (rst established in s case imvoly-
ing a reservoir -- the 1866 English
case, Fletcher vs, Rylands, LR, 1,
Ex, 265, A reservoir was buill in the
viginity of abandoned coal mines: the
water from the reservoir found its
way inlo the abandoned shafts and
from there inte active shafis 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  swrrounding  cir-
cumstances ak the time the reservoir
was built). However, in the aciual
decision, it was sxsumed that np ane
could have known the abandoned
mine shafis existed and specifically
decided that the owner was not
neglipent. Monetheless, the English
Court cstablished the concept of
striet liability for ceservoir owners,
and the owner of the reservoir was
iound to be liable For the escape of
water from the reservoir regardless of
fault,

Fictcher vs. Rylands has subse-
gquently heen adopted by most U5,
courts and has been cited when
similar circumstances  are  con-
sidered. T4 is the basis for imposing
hability on the owner of 4 reservoir
for all damages caused, regardless of
fault and without nesd o prove
negligence.

Thus, with a very limited number of
excepltions, the general statement of
liability for the owner or operator of a
rescrvoir is

inlenticnal acts by third parues
which the owner could net protect
against or antlicipate were a viable
defense to strict Labilicy.

Siill, where there is ng remedial
legislalion, the ¢ircumstances in
which a reservoir owner 15 not liable
for all damages caused by the leaking
or breaking of his dam are saverely
limited.

While the standard of liability im
posed on a reservolr owner affards
cxiremely  limited  relief,  several
states have enacted legislation which
limits, in certain circumstances lia-
bility for damages. In many other
states, by statule or commen law, the
owner of a reservoir is entitled to util-
i7e (i.e., release water 1o} the * nor-
mal high water ling” of a stecam
withoul incurring lability for prop-
erty damaged within the “nocmat”
flood area. However, the definition of
the Limits within which no Lability s
imposed vary from piace to place and
may not be clearly designated on
maps. Nonetheless, the right to util-

“JF WATER ESCAPES FROM A DAM,
REGARDLESS OF FAULT, THE OWNER
IS RESPONSIBLE FOR ALL DAMAGES

SUSTAINED.”

It should be noted however, that all
of the discussion conceming 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 dale,
and in most states by specifie statule,
a4 reservolr owner may pass on all
natural flood waters without incur-
ring any liability downstream.

Strict  liabifity has two relatively
narrow exceptions: acis of God, or
intentional acts of third partties, over
whom the owner had no control,
While acts of God are recognized as
a defense, this does not incluode all
natural oeourrences over which the
owner had ng control, but is more
narrowly limited o those events over
which the owner had no control and
also which the owner ould not, using
available expertise, have anticipated,
The other exception -- intentional
acts of thitd parties — was eslablished
by the Wyoming Supreme Court in
the Wheatland case. The Wheatland
Trrigation District asserted that their
reservolr had been damaged by
saboteurs, and the Wyoming Su-
preme Court recognized that dlegal,

ize defined or “histotic” Aoodplain
regions downstream of a reservolr
can provide substantial relief from
strict liability for a reservoir owner,

With the recent insurance crisis and
soating  habililty insurance rates,
many stales are considering legisla-
tionn which would Hmit either the
basis of lighiluy or the amount of
Lability that can be imposed on a
reservolr owner, Jome states, for
cxample, are considering legislation
which would change the standard of
iiability for a reservolr owner from a
standard of " strict liability™ to one of
proven negligence.

If coupled with a redefinition of
negligent actions, statulory modifica-
ton of the basis of a reservoir
owner's liability could have a signifi-
cant offegt. However, as  noted
above, the trend during the past 25
years has been to broaden. nol
narow, 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
owneT, because the critenia of reason-

able care and furesight are broadly
imempreted, the change may not
greatly affect the actual standard of
liabilily imposed.

In summary. existing law holds a
reservoir owner to the highest stan-
dard of care. Pending lepgislation may
himit ltabality in cenain circumstan-
ces, however the general statement
remains unchanged: the owner is lia-
ble for all damages caused by water
escaping from a reservoir -- despite
the best efforts of the owner.

10.2 MEASURES TO REDUCE
THE CONSEQUENCES
OF DAM FAILURE

A dam owoer can dicectly and
indircctly influence the introduction
and use of @ vadely of measures that
will reduce the consequences of dam
(ailure. Insurance can be purchased
thus, spreading costs from a single
dam owner {o athers. Land use
measures. although difficult o insdi-
lute, can be an even better means of
mitigating future disasiers. [IF people
are resiricted from hiving in inunda-
tion zones, safely s obviously radi-
caily improved.) Increasing public
awarcness and governmental plan-
ning arc also measures that can
reduce the conseguences of dam
faillure.

A dam owner can oblain insurance
direetly and should do so, The other
measures discussed here: land usc,
public awareness and preparcdness
planning, are essentally controlled
by local governments. Therefore,
dam owners would be wise to o
encourage as stroogly as possible
awareness and action in the public
sector. Finally, 2 dam owner may
also wish 1o hire consultants from the
private sector when the information
necded lor prudent degisions exceeds
theit expertise.

10.2.1 Insurance - losurance can
provide liability and asset prolection
and thus, is importamt for dam
owners. In many states a minimum
level of insurance coverage is man-
dated by law; in others it s not. In
gither gase, the level of insurance
camried should be based on; state law,
value of facilities at nisk, potential
downstream impacts, condition and
age of the dam, likelihood of an inci-
dent oceurring and the cost of avail-
able of insurance. Insurance spreads
risk among a large group of people
and can not only provide protection
for the person or arganizalion owning
the dam, but also for employees and



governing boards who may be held
personally liable. Types of coverage,
availabitity and cost will vary from
Jme o time, sa it is, advisable to seek
professional advice when considering
the purchase of insurance. Some
insurance companies and brokers
specialize in issues related to dam
[aiture. Recommendations of insurers
can nommally be obtaimed from
insurance industry representatives or
from the state agency responsible for
dam safety. Not only can damage
and liability be covered, the cost of
pusiness interruption, lost income,
and workmen's compensation can
also be provided.

Insurance can spread and reduce
patential 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.

10.2.2 Governmental assistance -
Ome of the fandamential functions of
government is 10 protect CIlizens
from threats to their health, safely,
and general wellare. Reducing the
consequences of dam failore is
clearly a duty of federal, state and
loca! governments which have joint
and separate responsibilities (o the
public concerning dam safety.

Land use planning, public awarensss
programs, and emergency prepared-
ness planning are typically conduct-
ed at the local level -- the lavel of
povernment most immediate and re-
sponsive to the dam owner. Federal
agencies have technical expertise
and can normally provide technical
assistance when requested, but ulti-
mately, each state is responsible for
its own dam safety program.

Local povernment roles - Population
setlement patiern and population
growth strongly affecl the costs of
darn failures. More simply, if ng one
were allowsad o settie in hazardous
arcas, few, if any. lives would be lost
and littie property damaged. Con-
versely, as settiement conlinues near
dams and in inundation zones, the
potential for disaster Incréases corm-
mensurately, “Low-hazard” dams
are continually being transformed
into “significant hazard” and “high
harard™ dams as this settlement con-
Linues. Increased losscs are inevit-
able unless significant land use
measures are enacted to restricl the
use of land it inundation zones. The
strategics used will reflect federal,
stale, and local efforts, but Jocal
government must make the critical

decisipns and only rely on state and
federal government for support. All
glements of mitigalion planning are
based upon or affected by the way in
which the affected land is used.

If 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 dam failure. Indeed,
this is the best mitigation strategy 1o
reduce future loss. Despite this
utility, organized programs oOr strai-
epics of tand acquisition or settle-
ment restriction exist in few states -
usually because of strong opposition
among developers and land owners.

If land is already under development,
zoning measures Lo limit high popula-
tion density can be useful. Also, the
establishment of ‘“‘green areas’” -
parks or golf courses - can be Lerw
cost means of limiting settlement in
imundation zones. In some fully
developed aress, flood proofing
devices {walls, barriers) may prove
useful,

In much of the nation, land has
aircady been developed and residen-
tizl construetion 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 £xists,

Experience has clearly shown that
simple warmng and evacuation pro-
cedures can save a sigmificant num-
ber of lives. Table 10.] demonstrates
this success and the corresponding
failure when early detection and
wamning are not available. Clearly,
communities downstream from 2
dam should establish an early notifi-
cation and warming system.

a1

The stimulation of public awareness
of this hazard and the development of
warmng and evacuation plans is
clearly the responsibility of local
government. Lhe utility of such
efforts cannot be overlooked; the
aggregate retuen will be large over the
long tecm.

Existing levels of awareness vary
across Lthe nation. Some people ate
fully aware of their exposure to this
hazard while many do not ¢ven real-
ize that they reside in an inundation
zone. Obviously, toutists are usoally
less aware than permanent residents;
camp grounds for example, are aot
normally posted with signs that point
out the existence of a dam hazard.
Clearly, awareness is the first step im
mitigating the hazard and increas-
ing safety.

Thus, counties, cities, towns and
smalier upincorporated communities
urgently need:

s To develop programs te increase
awareness of existing dam fail-
ure hazards, and more spezific-
ally, of who is in danger,

» Ta develop plans for warning
and cvacoating the papulation,

e To increase public familiarity
with plans through publications,
well publicized exercises and
ather means.

Usually, a public awareness program
will be well received and generate
confidence in govermnent. Media -
television, and newspapers — radio
are potentially the most effective way
to educate people. Dam owners
shouid encourage public awareness
as well as wamning and evacuation
planning.

Table 10.4
Comparison of warning success for selected dam Failures

and flash Moods

Earlj.-'
Eveni directlion
s 8 warning
Big Thompson, Colo. Mo
{Flash Flood)
Laufel Run Dam, Pa. Mo
Kelly Bames Dam, Ga No
Buffalo Creek, W. ¥a Some
Teton Cram, Idaho Yes
Sopthemn Conn. Yo
June 1982
{20 damy Failed)
Lawn Lake, Colo. Yes
DM A D, Utah Yes

Saures; E{E&. 1983

Potential  Actval loss  Fatality
loss of lifc of life raic {%)
2,500 139 5.6

150 19 25.0
2000 ig 20.0
4,000 125 31
315.000 11 <
Unknown 1] 0
4,000 3 <.l
00 _i 0.2
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State government roles - Most state
governments have actively attempted
o reduce the possibility of and con-
sequences of dam failure through any
of several major programs.

While some local public and private
arganizations 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
desipn and eanstructon of dams, and
condoact of inspections of existing
dams, In most states, dam safety is
monitored by the depariment of
water resources, state engineer's
office, or an equivalent agency in the
executive branch of povernment.
These agencies often determine the
rules and regulations governing the
design, construction, and main-
tenance of dzms.

The state office of emergency pre-
paredness is also c¢oncermed with
dam safety. However, it deals mainly
with planning for the protection of
people - awareness, warning and
evacuation planning, Dhsaster {in-
cluoding dam failure) rezponse and
rccovery efforts are part of this
program,

Federal government roles - The
Federal Emergency Management
Agency [FEMA) develops and main-
tains puidelines For dam  safety
policy, as well as programs for pre-
paredness, emergency response and
re¢avery planning and mibigation
planning. FEMA coordinates  ail
federal dam safety programs, and
ctherwise promotes bath fedaral and
nonfederal programs to reduce the
hazard posed by unsafe dams,

The Federal Energy Repuiatory
Commission (FERC) supervises the
dam safety program mandated by the
Federal Power Act. Tt izssues rules
and regulations to engure that licensed
projects are adequately constructed,
operated and maintained to protect
life, health and propenty. FERC's
Jurisdiction in¢ludes 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 Anny, Corps
of Engineers, is authorized by the
Federal Water Pollution Control Act
of 1972 and the River and Harbor
Act of 1899 oy 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 2,818, and estab-
lished a list of hazard critera.

Five agencies within the Departiment
of Agricultore are involved with non-
federal dams. These include the
Agricultural Stabilization and Con-
servation Service (ASCS), the
Farmer's Home Administration
(FMHA), the Forest Service, the
Rural Elegtrification Administration
{REA} and the Soil Conservation
Service {SC8). Technical engineer-
Ing is the responsibility of the Soil
Conservation Service,

The U5, Department of the Inmteriar,
Office of Surface Mining (8SM)
provides support 1o state regulatory
agencies that conduct dam inspection
and monitoring as it relates 1o suface
mining, The Department’s Bureau ol
Reclamation also manages a pro-
gram 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 eonceptually sim-
ple but made of many complicated
components.  Several engineering
skills are needed ta 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 2n important role in
a dam safety propram, and owners
should eonsider contracting with
consulting firms for assistance.

When hiring a consultant, ¢ertain
steps will insure thal an owner
obtains what iz really needed. The
initiai screening of possible con-
sultants should be based on pro-
fesgional qualifications. A list of
consultants who have experience
with dams may be available from the
state office managing dam safcty.
The owner should then investigate
the background and experience of the
company and the specific experience
of the individeals who will do the
wintk.

The owner should be sure to deline as
clearty as possible the work to be
done. Although some owners selecta
cansulting firm based on qualifica-
tions and then work with the firm to
define the work to be done, an owner
can often define the scope of work
himsell, and then receive bids and
proposals from severgl consultants,
This latter arrangement usually
results in the lowest cost for a given
piece of work,

I many of the items discussed in this
puidebook are new and unfamiliar to
& dam ocwner, a conguitant should be
contacted immediately. Professiongl
consultants help conduct a proper
and safe evaluaiion of a dam, and can
help develop and execule an ¢ffective
dam safety program. Of course, a
dam owner should have confidence
in the consubtant he hires. When a
comsultant makes recommendations,
they must be taken serioushy.
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\PPENDIX B
REPORT FORM



DAM INCIDENT REPORT FORM

DATE _ - TIME

NAME OFDAM __

STREAM NAME _ — — —_— s -

LOCATION — —— s

COUNTY .. .. -

CBSER¥ER - S —_— .. _—

OBSERVER TELEFPHONE __

MATURE OF PROBLEM __  __ __ N S

LOCATION OF PROBLEM AREA . . o - e
{ Looking Downstream)

EXTENT OF PROBLEM AREA __ _

FLOW QUANTITY AND COLOR . _____ . _ __ _—

WATER LEVEL IN RESERVOIR __

WAS SITUATION WORSENING _ R
EMERGENCY STATUS -

CURRENT WEATHER CONDITIONS C ——
ADDITIOMAL COMMENTS: __ -




APPENDIX C
GLOSSARY

ABUTMENT

That part of a valley side against which a dam is constructed. An artificial abut-
ment is sometimes consbnucted as a concrete gravity section, to Lake the thrust of
an arch dam where there is oo suitable nawral 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, itrigation, Nood
control, or other purposes. Aclive storage excludes flood surcharge. i is the
reservoir capacity less inactive and dead slorages. The terms “useful siorage,”
“unable storage,” or “working storage” are sometimes used bueb oare not
recommended.

AIRVENT PIPE
A pipe designed 1o provide air to the outlet conduit to reduce turbelence during
release of water. Exatra air is usually necessary downstream of constrictions.

APPURTENANT STRUCTURES

Ancitlary features of a dam, such as the outict, spillway, powerhouse,
lunnels, etc.

AQUEDUCT

An griificial channel for conveying water, i.e., a canal, pipe, or tunnek; hence the
terms “connecting agqueduct” and diversion aqueduct.”

ARCH DAM

A concrete or masonry dam that is curved $o as to transimit 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 Butress Dam
See Buttress Dam.

Arch Gravity Dam
See Gravity Dam.

AUXILIARY SPILLWAY
See Spillway.

AX1S OF DAM
A plane or curved surlace, arbitrarily chosen by 2 designer, appearing as a line in

a plan or cross section to which the horizontz] dimensions of the dam can
be referred,

BACKWATER CURVE

The longitudinal profile of the water surface in an open channel where the depth
of flow has been increasced 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 thickuess of 2 dam measured horizontally between
upstream and downstream faces and normal to the axis of the dam but excluding
projecticns for outlels, ele.

RERM

A horizontal step or bench in the sloping profile of an embankment dam.



BLANKET

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

Grout Bionket
See Consolidation Grouting.

Upsiream Blankst

An impervious layer placed on the reservoir floor upstream of a dam. In the
case of an embankment dam, the blanket may be connected to the imperme-
able element in a dam.

BUTTRESS DAM
A dam consisting of a watertight upstream face supported at intervals on the
downstream side by a serieg of buttresses.

Arch Buthress Dam {Curved Bulfress Dam)
A buttress dam that is curved in plan.

Mulliple Arch Dam
A buttress dam whose upstream part comprizes a senies of arches.

Coflerdam

A temporary structure encloging all or part of a construction ares so that con-
struction can proceed in a dry area. A “diversion cofferdam™ diverts a river
into a pipe, channel, or lunnel.

CONCRETE LIFT
In concrete work the vertical distance between successive horizontal constrog-
Lon joints.

CONDUIT
A closed channed for conveying discharge through or under a dam.

CONSOLIDATION GROUTING (Blanket Grouting)
The injection of grout to consolidale a layer of the foundation, resulting in greater
tmpermeability and/or sirength,

CONSTRUCTIOGN JOINT
The interface between two successive placings or pours of ¢ancrete where a
bond, not permanent separation is intended.

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

CREST GATE
See Gale.

CREST LENGTH

The length of the top of a dam, including the length of spillway, powerhouse,
navigation lock, fish pass, etc. where these structures form pani of the length of 2
dam. ¥ deiached from a dam, these strucures should not be included.

CREST OF DAM

The erown of an overflow section of a dam. In the United States, the term “‘crest
of darn™ is often used when “top of dam’™ is meant. To avoid confusion, the terms
“erest of spiilway™ and “top of dam” may be used to cefer 1o the overflow section
and Lhe dam proper, respectively.

CRIB DAM

A gravily dam buill up of boxes, cribs, 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
gailery or waterway constructed through any type of dam, which is normally dry
but is used oecasionally for discharging water; hence the terms “scour culvert,”
“drawoil culverl,” and “‘spillway colvert.”

CURTAIN
See Grout curtain

CURVED BUTTRESS DAM {Arch Butiress Dam)
Ser Huttress 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 exciyvation later to be filled with impervicus materal to form a cutoff, Some-
times used incorrectly to describe the cutoff itsell,

CUTOFF WALL

A wall of impervious material {e.¢., concrete, asphaltic conerete, steel sheet pil-
ing} built into the foundation to reduce seepage under the dam.

CAM

A barrier built across a watercourse for impounding or diverting the flow of
water,

DEAD STORAGE

The storage that lies below the invert of the lowest oullet and that, therefore, can-
nat ke withdrawn from the reservoir,

DESIGN FLOOD
Ser Spiliway Design Flood.

DIAMOND HEAD BUTTRESS DAM
See Buttress Dam.

DHAPHRAGM
See Membrane,

DIKE {Levee)

A long low embankment whose height is usualiy less than 4 to 5 meters and
whose length is more than 10 or 15 times the maximum height. Usually applied
to embankments o strugctures built to proteet land from flooding. If built of con-
crele or masonry the strueture is usually referred to a5 a fload wall. Also used to
describe embankments that block areas on a reservoir 1im that are lower than the
top of the main dam and that are quite long. In the Mississippi River basin, where
the ald French word levee has survived, the term now applies ta flood protecting
embankments whose height can average up to 10 to 15 meters,

DIVERSION CHANNEL CANAL OR TUNNEL

A watcrway used to divert water from its natural course. These terms are
generally applied to temporary structures such as those designed 1o bypass water
around a dam site during construction, “Channel’ is normally used instead of
“canal™ when the waterway is short, Gccasionally these lerms are applied to
permancnt structures.

DRAINAGE AREA
An arca that drains natsrally to a padicular point on a river.

10¢
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DRAINAGE LAYER OR BLANKET
A layer of permeable material in a dam to relieve pore pressure or 1o facilitate
drainape of fill.

DRAINAGE WELLS (Rellef Wel()

A vertical well ar barehole, usually downstream of impetvious cores, prout cor-
tains, or cutoffs, desipned to callect 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.

DRAWDOWHN

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

EARTH DAR Ok EARTHFILL DAM
See Embankment Pam.

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

Embankment Darm {Fill Dam)
Any dam constructed of excavated natural materials or of industrial
waste materials.

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

Homogenaous Earthflll Dam

Adt embankient dam construeted of similar earth material throvghout, except
internal drains or drainape blankets; distinguished from a zoned earthfill
darn.

Hydeaulic FlIl Bam
An embankmment dam constructed of materials, ofien dredged, that are ¢on-
veyved and placed by suspension in flowing water,

Rocidfilt Dam
An embankment dam in which more than 50% of the total volume comprises
compacted or dumped pervious natural or crushed rock.

Rolled EUl Dam
An embankment dam of earth or rock in which the material is placed in layers
and compacted by using roliers or rolling equipment.

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

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

EMERGENCTY GATE

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

EMERGENCY SPILLWAY
See Spillway.

ENERGY/DISSIPATING VALVE

Any device constructed in a walerway 1o reduce or destray 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 dam, an impervious coating or face on
the upstream slope of the dam,

FAILURE
The uncontrolled release of water rom a dam.

FILTER {Fiitor Zone)

A band or zone of granular material that is incorporated into & dam and is graded
{either naturally or by selection) so as to allow seepage 1o flow across or down
the filter without causing the migration of malerial from zones adjacent 1o
the filter.

FLASHEOARDS

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

FLOODPLAIN
An area adjoining & 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 failure -- 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, channei, of reservoir,

FLOOD SURCHARGE

The volume or space in a reservoir between the controlled retention water level
and the maximum water level, Flood surcharge cannot e retained in the reser-
voir but will flow over the spillway until the controlled retention water level is
reached, (The term *wet frechoard” for describing the depth of fload surcharge
is not recommended; see Freeboard).

FLOOD WALL

A conerete wall constructed adjacent to a stream for the purpese of preventing
flackhing 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
expetisive or not available,

FOUMDATION CF DAM
The natural materiat on which the dam structure is placed.

FREEBOARD

The vertical distance between a stated water level and the top of a dam. “Met
frechoard,” *dry freeboard,"” “flood freeboard,” or “residual freeboard™ is the
vertical distance between the estimated maximuwn 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 3 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-
ing galtery,” “inspection gallery,” and “*drainage gallery.” (b) A long and rather
narrow hall; hence the following terms for a power plant “valve pallery.™
“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 contral or stop the Aow.

Bulkhead Gale

A gate used either for temporary closure of a channe| or conduit 10 emply 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
i5 usually opened and closed under nearly balanced pressures, it nevertheless
may be capable of withstanding a high pressure differential when in the
slosed position.

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

Emergancy Gals
A standby or reserve gate used only when the normal means of water control is
not availakle,

Fixed Wheal Gale (Fixed Rollor Gatae, Fixed Axle Gale)
A gate having wheels or rollers mounted on the end posts of the gate. The
wheels bear against rails fixed in side prooves or gale guides.

Flop Gole

A paie hinged along one edge, usually eithet the top or bottom edge. Examples
af bottom-hinged flap gates are tilting gates and belly gates, so-calied due to
their shape in cross section.

Fivod Gale
A gate to control flood release from a reservoir.

Guaird Goate {Guard Valve)

A pate or valve that operates fully open or closed. Tt may function as a second-
ary device for shutting off the flow of water in case the primary closure device
becomes inoperable, but is usually operated under balanced pressure, no-
flow conditions,

Outlat Gate
A gate controlling the outfiow of water from a reservoir.

Radial Gate (Talnter Gate)

A gate with a curved upstream plate and radial anms hinged to piers or other
supporting structures.

Regulating Gate {Regulafing Valve)
A gate ar valve that operates under full pressurs and flow conditions to throttle
and vary the rate of discharge.

Silde Gate {Slulce Gale)
A gate that can be opened or closed by sliding it in supporting guides.



GRAVITY DAM
A dam constructed of concrete and/or masoncy that relies on its weight for
stabiiity.

Arch Grawity Dam

An arch dam in which part of the water pressure is transmitted to the abui-
ments by horizontal thrust and part to the foundation by cantilever
action,

Curved Grovity Dam
A pravity dam thal is curved in plan.

Hollow Gravity Dam {Cellular Gravity Dam)
A dam that has the outward appearance of a standard pravity dam but that is of
hollow construction,

GROSS STORAGE (Reservoir Capacily (Gross Capacity of Ressrvoir)
The gross capacity of a reserveir 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 pressure grouting of the grout
curtain beneath it.

GROUT CURTAIN {Groul Cutoff}
A barmier produced by injecting grout into a vertical zone, usually narrow
horzontally, in the foundation to reduce seepage under a dam.

HEIGHT ABOVE LOWEST FOUNDATION
The maximum height from the lowest poimt 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 streambed at the axis of the dam and the maximurm
controllable water surface.

HYDROGRAPH

A graphic representation of discharge, stage, or other hydraulic property with
respect to time for a particular point on a stream, (At times the term is applied to
the phencmenon 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 measured between the invert level of the
lowest outlet and minimum operating level.

INCLINOMETER {Inciometer)

An instrament, 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 dilferent points the wbe's inclination to the vertical. By integra-
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 measure settlement.

INTAKE
Any structurs 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 earthguake-induced shaking at
a parlicular place. The scale is not based on measurement but on direct observa-
tion. Seversl scales are used (e.g., the Modified Mercalli scale,the MSK scale)
all with grades indicated by Roman numerals from I to XIL

INTERNAL EROSION
See Piping.

INUNDATION MAP

A map delineating the area that would be inundated in the event of a dam
failure,

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

LINING

With reference to a canal, tunnel, shaRt, or reservoir, a coating of asphaitic con-
crete, reinforeed or unreinforced concrete, shotcrete, ubber or plasiic to provide
waltertightniess, prevent erosion, reduce friction, or support the periphery of the
structure. May also refer to lining, such as stecl or g¢oncrete, of outiet pipe
or conduil.

LIVE STORAGE

The sum of active and inaclive storage volumes. When there is no inactive
storage, as in $ome irrigation reservoirs, the terms *live slorage’ and “active
storage™ are equivalent.

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

MAGNITUDE (see also Richier Scale)

A rating of an earthquake independent of the place of observation. It is
calculated from seismographic measurements and is properly expressed in
ordinary numbers and decimals based on a loparithmic scale. Each higher num-
ber expresses an amount of earihquake energy that is 10 times preater 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 dam constructed mainly of stone, brick, or concrete biocks that Ay O may
not be joined with mortar. A dam having only a masonry facing should not be
referred to as 2 masonry dam.

MAXIMUM CREDIBLE EARTHQUAKE {MCE)

The severest earthquake that is believed to be possible at a site on the basis of
geolopic and seismological evidence. It is determined by repional 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 area, and attenuations due to
fauls to the site.

MAXIMUM CROSS SECTION OF DAM
A cross section of a dam at the poinl of maximum height of the dam.

MAXIMUM WATER LEVEL

The maximum water level, including flood surcharge, the dam is designed
to wilhsiand,

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



MINIMUM CPERATING LEVEL

The lowest level to which the reservoir is drawn down under normal operating
ondilicns.

MORNING GLORY SPILLWAY
See Spiliway,

NORMAL WATER LEVEL

For a reservoir with a fixed overflow sill the lowegt crest leve] of that sill. For a
reservoir whose outflow is controlted wholly or partly by movable gates, siphons
or other means, it is the maximum level to which water may rise under normal
operating conditions, exelusive of any provision for flood surcharge.

OPERATING BASIS EARTHQUAKE
A hypothetical earthquake vsed 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 dam,

ONE-HUNDRED YEAR (400-Year) EXCEEDANCE INTERVAL

‘The flood magnitude expected to be equalled or exceeded on the average of once
in 100 years, It may also be expressed as an exceedance frequency with & per-
cent chance of being exceeded in any given year.

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

OVERFLOW DAM {Overloppable Dam)}
A dam designed o be overtopped.

PARAPET WALL

A solid wall byilt aleng the top of a dam for omament, for the safety of vehicles
and pedesitans, or to prevent overlopping

PEAK FLOW
The maximurn instantaneous discharge that ocours during a flood. Tt is coingi-
dent with the peak of a flood hydrograph.

FERVIOUS ZONE
A part of the cross section of an embankment dam 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
Gancrete.

FIPING
The progressive development of internal erosion by sespage, appeaning
downstream a5 a hole or seam discharging water that contains soil particles.

PORE PRESSURE
The interstitial pressure of water within a mass of soil rock, or concrete,

'RESSURE CELL
An instrument for measuring pressure within a mass of scil, rock, or conerete or
al an interface between one and the other

PRESSURE RELIEF PIPES

Pipes used to relieve uplift or pore water pressure in 4 dam foundation or in the
damn stracture.
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PROBABLE MAXIMUM FLOOD {PMF) N
A flood that would result from the most severe combination of critical
meteorologic and hydrologic conditions possible in the region.

Cne-Half PMF

A flood with a peak flow equal to ome-half of the peak flow of a probable max-
imum food,

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 regulste the flow
i a Tiver,

RELIEF 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 intetrelated 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 C.F. Richter to deseribe the magnitude of an earthquake by
measurements made in well-defined conditions and with a given type of seis-
mograh. The zerd of the seale is fixed arbitrarily to fit the smallest recorded
earthquakes. The largest recorded earthquake magnitudes are near 8.7 and are

the resull of observalions and ned an arbitrary upper limit like that of the intensity
seale. '

RIPRAP

A laver of large uncoursed stones, broken rock, or precast blocks placed in ran-
dom fashion on the upstream slope of an emmbankment dam, on a reservoir shore,
or on the sides of a channel as a protection against wave and ice action. Very
large riprap i5 somelmes referred to as amoring.

RISH 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 conerete that ¢an be hauled in dump trucks, spread with a bulldozer
ar grader, and compacted with a vibratory roller.

SEEPAGE

The interstitial movernent of water that may take place through a dam, its foun-
dation, or il abubments,



SEEPAGE COLLAR

A projecting collar, usually of concrete, built around the outside of a pipe, tunnel,
or ¢conduit under an embankment dam, to lengthen the seepage path along the
ouler 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-
ergte or metal at the invert of any opening or gap in a structure, hence the
expressions “gate sili” and "stoplog 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
measured as the ratio of the number of units of hotizontal distance to the oumber
of corresponding units of vertical distance. The term 15 used in English for any
inclination and is expressed as a percent when the slope is gentle, in which case
the tern “gradient” 1s also uged.

SLOPE PROTECTION

The protection of a slope against wave achgn or erosion.

SLUICEWAY
See low-level outlet.

SPILLWAY

A structure over or through which flood fiows are discharged. If the flow is con-
trolied by gates, it is a controlled spillway; if the elevation of the spillway crest is
the ¢nly control, it is an uncontrolied spillway.

Auxillary Spllilway (Emergency Splilwery)
A secondary spillway designed to operate only during exceplionally large
floods,

Fuze Plug Spillway

An auxiliary ¢r smergency spillway comprising a low embankment or a
natural saddle designed to be overtopped and eroded away during a very rare
and exceplionally large flood.

Primary Splilwey {Principal Spiliway)
The principal ot first-used spillway during flood Aows,

Shaft Splliway (Moming Glory Spillway)

A vertical or inclined shaft into which Nood water spills and then is conducted
through, under, or around 2 dam by means of a conduit or wnnel, If the upper
part of the shafl is splayed out and terminates in a circular horizontal weir, it is
termed a “bellmouth™ or “morming glory™ spillway.

Side Channel Spllbwery

A spillway whose eresl is roughly parallel 1o the chanmel immediately
downstream of the spillway.

Slphon Spiliway

A spillway with one or more siphons built &t crest level, This type of spiilway
15 sometimes used for providing automatic surface-level regulation within
narrow limits or when considergble discharge capacity is necessary within a
short period of time.

SPILLWAY CHANNEL {Splliway Tunnel}

A channel or tunnel conveying water from the spillway to the river
downsiream.
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SPILLWAY DESIGN FLOOD (SDF)

The largest flood that a given project is desigred to pass safely. The reservoir
inflow-discharge hydrograph used to estimate the spillway discharge capacity
requirements and commesponding maxirmum  surcharge elevation in the
rESErvoiIr,

STILLING BASIN
A basin constructed to dissipate the enargy 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 sieel beams placed on top of each other with their ends
held in guides on each side of a channel or conduit praviding a cheaper or more
easily handled temporary closure than a bulkhead gate,

STORAGE

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

STORAGE RESERVOIR

A reservolr that is operated with ehanging water level for the purpose of storing
and releasing water

TAILRACE
The t_unnel, channel, or conduit that ¢onveys 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 downstreamn 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 dam the junclion of the
upstream Face with ground surface is called the upstream toc.

TOP OF DAM

The elevation of the uppermost surface of a dam, usually a coad or walkway,
excluding any parapet wali, railings, stc.

TOP THICKNESS (Top Width)
The thickness or width ol a dam at the level of the top of the dam. In general, the

term “'thickness™ is used for gravity and arch dams and “width” is used for
other dams.

TRANSITION ZONE (Semipervious Ione)

A part of the cross section of 4 zoned embankment dam comprising material of
intermediale size helween that of an impervious zome and that of a
permeable zone.

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

TUNNEL
A long underground excavation usually having a uniform ¢ross section. Types of
tunnel include: headrace tunnel, pressure tunnel, eollecting tunnel, diversion mn-

nel, power tunnel, tailrace tennel, navigation tunnel, access tunnel, scour tunnel,
drawoff tunnel, and spiilway tunnel.

UNDERSEEPAGE
The interstitial movement of water through a foundation,



UPLIFT

The upward pressure in the pares of a material (interstitial pressure} or on the
base of a structure,

UPSTREAM BLANKET
Ses Blanket.

VALVE
A device fitted to a pipeline or orifice im which the closure member is either

rotated or moved transversely or longitudinally in the waterway $0 a3 to control
or stop the fow.

WATERSHED DIVIDE
The divide or boundary between catchment areas {or drainage areas}.

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

WEIR

(a) A low Jam or wall built across a siream to raise the upstream water level,
termed fixed-crest weir when uncontrolled. {b) A structure built across a stream
or channel for the purpose of measuring flow, sometimes called ameasuring weir
or gauging weir. Types of weir include broad-crested weir, sharp-crested weir,
drowned weir, and submerged weir.
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