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Preface 

The purpose of these Guidelines is to provide owners of small dams with the requirements 

that they must meet to construct and operate a small dam. The emphasis throughout is on 

measures to achieve safe management of small dams. The general engineering requirements 

illustrated in this guideline apply specifically to small dams, and in areas where downstream 

hazards are minimal. The requirements illustrated apply to a hypothetical dam at a specific 

site. Since conditions and materials vary widely from site-to-site, it should be recognized 

that the guidelines may not directly apply. 

Commonly, small dams are constructed of earth materials, but they may be made of 

concrete, boulders (rockfill), or other materials. For economic reasons and convenience 

most small dams are constructed of earth materials. Nearly all small dams in Ethiopia are 

constructed of earth materials. Even though this guideline will focus on earth dams, the 

principles and safety issues in design and construction of concrete gravity and rockfill dams 

are also covered. 

The guideline is aimed at owners of dams, engineers/technical advisers, supervising 

bodies/authorities and contractors, and others owning responSibility and a duty of care for 

dam safety. Dam ownership carries with it significant legal responsibilities. Dam owners 

should be aware ofthe potential liabilities and how to effectively minimize their exposure to 

these liabilities. 

It is important to appreciate that these gUidelines focus on aspects which should be 

considered and procedures which should be followed to achieve a safe dam. They do not 

constitute a design gUideline, or operations manual for implementation. DeSign gUidelines 

and other appropriate technical references must be used for detailed methods of 

investigations, analysis and design. The guidelines are not necessarily all embracing nor will 

cover every conceivable situation: ultimately the owner and technical advisers to the owner 

must decide what is appropriate. 
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Ilhtf'!)duction 

Dams -pr.ovide benofit for a number of :r-cas9ns. They commonly provid<t: the fQl!qwtJig> ,',-, 

• 
• 
• 

• .. 

• 
• 
• 

Water supply, 
irri~ti:on"water 
(ieneradon of power, 
Sto('age -,offloodwatcrs to ,~edtJ,c¢i downstream flooding potential, 

Pro ..... ision of-a fishery t'cs()u,rce, 

Ae~th~tic benefits and otl1ers 

etc" 

, W~rle"dams -do' provl:de po~enti9-f ,_bel1~t$ ~bey alsO" have a risk a$sol;:fate-cl With thetr 
_ C:ohstrU~6:~_a~d ,opetatiq'n. ' " 

t~~rIy; as varriqus d~m failures. and jnci~rits: around the VfP,rld have ~hown,· ",","~c.vl 
~uli>kta'1tiaf Iq$S;,jof life' and envi~onm~!1_tal_di'mage, there is 'il- n~ed_"'to ~X,~!~dSe o· ue care:l\' 
re~~~ in ~chie~ing _d~m safety. Th:er~ 'i~_a ~~~d,to, ernbody_ th~ ,I~¥el:.of;~,~vite,· :~::]r~ 
.fun implementatIOn of safety procedur<1s by m ... ur~, .sucn a\ ·thisgui~eli"e,B 

···Will;aa:r~e from tn' promotion .• ~d.iI<;hleve.""'"t of adequatli ,<:Iamsafe!i)' prattjce~ 
enYirpnmef'!tarp.totec~ron> pubHc confideh,~~,: and the cornmer~ial berieflis to th~--ow'ner 

" ' ,_ ' - " '_ 0'. "';' , _ _ _ 

"oOStr~cting"and :rnai!1tainfng in a safe andi;jn~(np.Dle condition,- ¥,ihat, i~::ysualty 11 ,sigJ\lf<b 
investment. 

• 
'safi#y operatipg and rnat~a19mg,~e ·dam; , 
givlr& "pprQptjate warning'. i/.th" o!*,ati6n orlaltur"of the dam cOliW t~l!~ 
damage:' . 

_ 't:orup~t'i$.atiiig ;damagei:~ea by:jdie operation or ~tu're ,of,ih~,~am, , 
By);mying:a regular insp~C!ipn program,t/1e 1'w".r benefits by, I ' 

, , . , 
','. 

. . 
beifig, ~ie:_~~ 'recogni:i~- '~r~left+ in there e<triy s~: and:elimi~ating -the1'n: -
they-,be~of)1e;:complex:and e*tisiwf"prol;)lems; -: . 
-nilAfmii:ing;Jiiks :;tnd H~-bili~.}'Q~:AoWA'Strea;m life :o('Pr-Oper;ty ,j' 

Thi~;gwoelin~, is d$sigl1¢R ,tQ a$sist-dam_ ow6~r$ to understanA,~~ir,r:e~~QtlSibiJiti~$"an~;I!! 
'" 'Qb'_(p~k~i-5; It '(ntf~~~s:;gU!-4a~e: "o~ 'gopd;-#ra~,ttte in plaf1Tlfi:1g;-jtf~~lgtl, Caqstru<tl6n iri</;,!li 

.- ,_ :9p~~~ion-an~d,"rnainteh~nc:e"oflSma!'l.'-,$m$,~,,:' ' ' 

Dirri~' with--tMtr'~elat~d:'s~rblt:tures,_ an(H:~~ stprtag'e r~ser(01rs.,,they ,fchn, hav,e a _ , 
t)a~yte:.bec~~~ 6{tl*rr: s~jde" the_:~w.ater, {.r,ce~- ~t- WQ~k ah(f,~e -'u~~- ~d,f. nat~r,aC- _ ',- -' 
-for.m', the 'l1'Iajor"paft Q(the, rel!ervi;>tr 'li=o~taJn~nt, Most-,ot~~i(rta'Fh:ia:ge: .worJi;:s ,are; 

. ~igh$~pl1"h .man~fat:tureii mat.ri<!l<, iliv?IV~ooni';lled;g#n~FdO: not iin·v·, ,j .. .,,,,' 



storage of water, and generally do not use the foundation other than to support the works 

themselves. In the case of dams, however. account has to be taken of: 

• dam site topography which usually cannot be altered significantly because of cost 

• dam site and regional geology which greatly influences water retention and structural 

safety 

• the most appropriate materials to build the dam from and the dam structure 

arrangements to assure a safe operable dam 

• the earthquake forces which the dam with its stored contents may experience 

• the potential floods which may pass through the reservoir and how these may be 

taken past the dam and returned to the river without risk of dam overtopping (unless 

specifically designed for overtopping), or erosion damage 

• the surveillance, maintenance, and operational procedures (which may include the 

operation of flood gates) to ensure the dam works as intended 

• the management of sediment passage down the river 

It is the close interaction between the natural ground and manmade structures. together 

with water stored at a higher level. which most strongly characterize the special nature of 

dams. From the time it is first stored and for the whole !ife of the dam, the retained fluid has 

the potential to escape through any geologica! or manmade weakness. Dams age and 

deteriorate through ongoing geological and chemical processes and also may be found to be 

less safe than is desirable through technological advances which improve knowledge of dam 

and foundation behaviour, and earthquake and flood risk. Dam failures resulting in the 

uncontrolled escape of the stored contents can be catastrophic and preservation of safe 

conditions requires never ending Vigilance. 

As well as all dams constituting a special class of structure, each dam will have unique 

characteristics, particularly in terms of site geology and geometry. The variations in geology, 

building material types. geometry. earthquake and flood risk and the like, mean that it is not 

practicable to develop a standardized code-type design for dams. Each dam must be treated 

indiVidually, taking all relevant factors into account. 

1.2 Dam safety objective 

The overarching dam safety objective is to protect people. property and the environment 

from the harmful effects of misoperation or failure of dams and reservoirs. 

To ensure that dams and reservoirs are operated and that activities are conducted so as to 

achieve the highest standards of safety that can reasonably be achieved. measures have to be 

taken to achieve the following three fundamental safety objectives: 

• 

• 

2 I P .1 /, C 

to control the release of damaging discharges downstream of the dam, 

to restrict the likelihood of events that might lead to a loss of control over the 
stored volume and the spillway and other diSCharges, 

to mitigate through onsite accident management and/or emergency planning the 

consequences of such events if they were to occur. 
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Thes~ fLindame!ttal safety- objectives apply to.dam and activities in aU stages 
of a 'dam, Inqluding planning. design, ma~i.zfacturltig! cons.truction, cbl'"rr\i~.iQnl 
operation. as· we!! as decommJssioning-and closure. 

1.3 :D,,"in$afe~y principles 

ICOLO principles-form the basis from which ,safety requif't!mcnts for ~ams can-'b~. , ".' 

and safety measure-$ implemented in order to achieve the fundamental- _safety' - -- -. . . . '. 
Though the pri~ciiples are meant for large dams, most of them are· applk:able to ',s, '"' .. n.~ 
as w~1L the ,saf~ty' prir)cipics form a 'set th~t' is <1ppikibJe. i'n -its entirety;, -
differer:tt principles .may b.e more Of les~ impor:~ahi il) rE:latioh ttl' particular clfliun"'i1ii~~.,~0 

L R~!lfl0n~jbllityfor dam saf&y : the prime responsibility for dam safety. sh"ut,d,jJ 
wi~h-::t~e entitY responsible for the dam ,'and the ilctlvides that give rise 'to -,t·l1.iiIl1 

Responsibillty for dam safety should be j:;!early defined, Gov¢rnment is· " dtJr!\i>; 
respc)fisible' for ,assuring the safetY,' of the public. p~b:perty and the 
and downstrEam of dams. 1n _order :!ot" ~ ~e:s-p_()ri$jbte- Entit)( to, Meet itS 
refattO:n --'t~ 'th~ safety, of Its da~~, it ts- :rT~c~ssary to erisure~ that',lts_, 
m~n.ageri;l~nt:_ac~¥rti($ are approp;-tn~9 In a:$ys~ematic way, 

2, R';i~ ~tgoYl'""m"tlt: the legalanclgove'f1me"ial framew~rk for 
'ov~H.~hj,ng;"~tr'~ttures for darn' safety a,ssurance. Properly establi,h.d te.<I!>a 
gQk-ti1mentif ((,~mework provides :for the ,regulation of dams 'and ,.,;c",oi,,,,'"' 
op_~r~tion~ .:t~tivtties that can gr,;.e ,rise to' a darn bre<tch and otht1~ iinund.ti,>ntl~ks,;~ 
for',,:'tfl~ dea~' 3.rSsignment Qf responsibinties. The_ govern.ment ,fS:' rt"pcflSibl.;:r.ot! 
adQp~,on wi~~in' :its nationaj l'C!gal- system of sue;h !egis!.atiQn, 'regvt-ations; di'~t"i'!$; 
~the{ standards, and measut:'cs' as may be necessary. to .effectivel(_fulfill ali ,'_ 
re$~ibmti~,_'~od, where relevant." its internadonat O'bljgation~. A modem vrev; -' " 
;'g~~~'nari'ce, incl~des the_ establishm~nt -of 'an jndep~~denr -reg~lat6ry: body t~ __ ~-:, ",ut~ 
Slifl1t~ofdams. .. ..... . 

. . 3. .t.ea~er.~jp .,and m"nagement ,f~r safety; effective leadership .and ..' .. 
,'~a~w: :ShbUr~-'pe_ establish~d and 'siista,in¥d in' organizations ,.teS:~9~,sible for., ',"';­
Safety: has' to' 'be '3cniev.ed and mainta1ned--~y means of an effectlv¢ mana;:err.et:TtSj 
~ha!;i~t~gra~'-~Il elements of minagel11cni. }h~ manag,emen(syste~ also "._ .~ 
the Pff.>UT1:0tioIJ:5)f a ;Safety culwr-t;o, the regular,assessment of saf~lJ'p'!rf,m"ar\<:~.:~I"9:; 
,applt9:tj~ of.l~~sons learned' from experience. 

:4-. 'ju;ijfft:at$o~ '{~r dams and resor_yoJrs;-darns, reservoks--a~~ >¢t:I,i',ie!1 tn'~l,giyeri~<l 
dam ';Safety :ris,t<s should yield an -overalf benefit to soc~etY . 

. ~c~iVities' t-o -b.~ '¢onsid~red- justifie,dj'.the b~ne'fit$-:that they P.', r{\"I~~I-"o ,o"I""y)'s. 
$t1oul~·: ~~gh 1:ftei,r <:O~S and the:'ri~k{tha,t :they- ereat$. For ;h",p'"r~'QS'esof'as,'!I$loil 
b~~u: and':rj~" all, significant, pO:~ltil/e ~nd"negatiVe co"ns;~quettc~$',-of the, op'eretl,i;>"',G 
,~~$,j~n9,' r¢~~~XQirS llave to be ~ken IntQ ,accoutlt, ' 

:S~ . q •. ti_~i_~n, ,~f protection: it (s; rl"col,nm.e.nde,d that prote-ctl.~n, s:hould he optj"',i~ 
,tQ:,: p~6v[de ~e' highest ,'level of 'Safety ,tn,at <;arl reasonaply- ~~, a,chieved. 

'me_~,\Jte~, [h~t, ilre,applied to :d~I1l~",w~it:b,t4v~ d~~, tt;? societal. ,{i$ks.~: :<tEe " ' ,_ , 
opti~iz~d if.. they provid~ the hignes~ ie'v~I' of- safety- ,that can,:_re~~.omiblY- b,e 
th~ou8,h-o~t-' ,the lifetime of the_ dam, ~ithdut 'placing, an \Jnr~a$diiabh!' b\.1rden ~"<~, 
~n~::vtith6\Jt';umh.Jly limiting, its utf1.1~iqn. 



6. Limitation of risk to individuals: measures for controlling dam safety risks should 

ensure that no individual bears an unacceptable risk of harm. Justification and 
optimization of protection do not in themselves guarantee that no individual, including 

employees and operators, bears an unacceptable risk of harm. 
7. Protection of present and future generations: people, property and the 

environment, present and future, should be protected against the effects of dam failures 

and other reservoir risks. Due account must be taken of the fact that dam safety 
management decisions. made in the present will affect future generations, and therefore 

have impacts that span many human generations. 
8. Prevention of accidents: all reasonably practicable efforts should be made to prevent 

and mitigate dam failures and accidental releases. To ensure that the likelihood of an 
accident having harmful consequences is extremely low, measures have to be taken to 

achieve the following: 
• 

• 

To prevent the occurrence of failures or abnormal conditions (including breaches 
of security) that could lead to uncontrolled release of all or part of the stored 

volume; 
To prevent the escalation of any such incidents or abnormal conditions that do 

occur. 
9. Emergency preparedness and response: appropriate arrangements should be made 

for emergency preparedness and response for dam failures and accidental releases. The 
primary goals of preparedness and response for a dam breach emergency are as follows: 

• To ensure that arrangements are in place for an effective response at the scene 
and, as appropriate, at the local, regional, national and international levels, to a 

dam breach emergency 
• 

• 

To ensure that, for reasonably foreseeable incidents, inundation consequences 

would be minor 
For any incidents or failures that do occur, to take practical measures to mitigate 
any consequences for human life and health, property and infrastructure, and the 
environment. 

The dam owner/responsible entity, the employer, the regulatory body and appropriate 
branches of government have to establish, in advance, the arrangements for emergency 

preparedness and response for a darn breach emergency at the scene, at local, or regional 
level. 

1.4 Dam Definition and classifications 

'Darn' is not specifically defined in any of Ethiopia's regulations or directives. In this 
Guideline, the word dam refers to an artificial barrier, and its appurtenant structures, that is 
constructed to store, control, or divert water. 

The term 'dam' includes the embankment and all other parts such as spillway, outlet and 
valves. Construction of a dam may be from earth or other suitable materials such as rock, 
concrete, etc. 

There is no any gUideline to classify dams in Ethiopia. The ESRDF's (Ethiopian Social 
Rehabilitation and Development Fund) small scale irrigation gUideline has defined a "micro 
dam" as an embankment dam having heights not exceeding 15m above deepest river section 

4 I f.1 ,j • ., ,. 
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and gros,~ stOrage of not more than 3 Mm l and a "medium dam~' as 'an eITIi>>Jrtkr"!lI~f( 

having 'h~I;~:ll~ be!-Wccn J 5~50m above the deeptO:)st bed'ievel and its storage;Tt~~~~ 
betw~Jn;-3~lb 'Mm;. These deflnitiol1S have been applied to many small scate­

sChcrtl¢s ~at:hav:'i! qecn buiit,il1 Tjgray 'and Afflhara'RegiQnaf State:s, 

Th¢'re j~ l!q a:,urj:jV€t'sally actepted ciassificauon of dams as smail, medil,!m or lati~. A:' 
accept(ld-: df:finiti:On of iarge dams is ,given by the !nternational Commfssion -

,: - - '-. 

(leOl!;)): . It :d-efll1es)arge dams as tbose having a height. of ,1-5 met~rs, from, :th(!, : -
.or! if t.h~ height:, IS: between 5 to j 5 meters, having a reservoir capa,city of trio_re', 
-miHion;tt.r.bk: frJe~ers. 

Tho! i.A1orkJ. I??n-~ distinguishes bf.!tweeh s@'Iat:I--andlargedamsforapphcatrofl'of".l' l[oIi~l:~ 
saloty61 daml; OP 4,37, states: 

a) :Sm~ll da~s. are normally- less than .15 met~~ in h~ight. ThJs qtegory in,'"I, .1<, 1.~sL:I\ 
'e~arnPl;(!j :farm ponds,.locat sltt -r:e-te,ntfQI'; dams, and lQy.. embankment tanks-, 

b) :L¥ge 'da~,s .. are 15 meters ,qr more, in height" Dams t~at are; between, 
:hi¢t~r~ j~:,h¢:ight are trea~ed :~ijarge, dams 'if they pr~~ent' speci~t :de$,ign cornpl" 
:fo~ 'e~hmRie,. '~'i1 trnusu,aUy: larg~)lpQct~.hand!i~g' r~,quirerne~t,: Iccari'ol1' !i\,a ""',0.< 
!'s~'sfOi~i~: f'o.uridlltions that a;~.~o~pfex,and d~ffi~lt t~ ·prcpa,~e, or retenl,lol,Qjf#i 
maierials;- Dams' 'under 1'0 meter!;: tn height. ate trefjted is large dams'.if th''''::i 
e~p:ected,~~'become'large dam~ during 'the operation qf t:h~'fad!lty, 

" .. - " , , -

"1nformati~n; tM' :th[s' guide conCE:rnS' smatl- dams (dams less th~n Ys m itl height and 
i·, .' :t~~~~ir::C;9P,(i1¥'I¢Ss,,'than 3'Mm3 Ir: d'~$.m:1tj~rOVide' g,~ida~ce)forex~avatcd' "~n' ••• ".,,, 

doribtr~f'I'''''eota:s.fety conee.+. aM 'hey generally do not have .n'.ml,ankment as,bt,'''' 

,'" '" 

\,,1'0 ,hem, 

. :h$: DaMl1'IlIlIilgenlellt in EtlOOpi~; 

dn,Ethi9piatn" Ministry of Wat.r~."'Ol:lr(!IS:<!nd Energy (MoWEjIs r."pon,jl>' • ..tcit. 
,pl;';'r\inli~r\d idesign of large dams. Durini t~., designpha'i~. the Minis,')' u,ualiy 

In~~wy~c"ep!e~$tandards of I~,g~ </.", ~~,!gn. No lorm,!lguld$iln~ido~m\1el)t ,t, I'" 'J)' 
:priep'rad'i!I>b¥t hlOW large dams are d~sig~!l\!;,i>p.rat.d .nd m.i!i~al1\~d. ' 

, '.' ~ 

:.':Mil'tlY: smatU-rrikro" dams. were con~njctecl' :for ~Sl mainly rri 'Amh~ra and Tillrayl\"lji>, 
::~tes. !Sqme :of these da,ms ar,e, h~t JJ;tn,~n~ ):~ue to s,edj(Tl~rtta'tI~n;:' s.C;dpage' a' iisili;t' 
tat<;h "'''"''yield. ' 

"the: ,tt~~i~~; ~hd '~<?bS:t_ry'e'Cioh of sr.na!,~I,"dat:n.s)lr:er~rried o,lit t>, y:!!iJ"'~~I,"f ,VVatef "I '.',"lir< 
, ,,{l>9WI\),i",theRiogi~~' u'i"gFi'l1illtn.;;I1IO,H~ble do,ign; g, ~Id,.l",,~, o,pet.ti"f\$. Qf, 

!, ':s~~,~:imCf mai!1~jia~:te ,of irriga~ib,n 'irifr~tt~c;turcis 'a.fe: h.,ndled b., tIle f"rrr"",it!li, 
Water lJ"'r,i(s'Qd~ti"'" (WUA)." ,'" , 
:" ., ." ,"', '" , . 

. , 'M;nor milnt~t;~rTr;~ w.orks such as removaLof Siits and weeds. fr:om j:-anali,,~nd. t'et''!l~~ltij 
','~ern.po:~rV ,diite~iQri :st~uctures ar~' d-one'.'by ~e users OWn inj~~tiye$' 
'~.~c..,;.' ~-c.~_, __ 

:: \ T;r~' ~t,~~,~)r,rji"hl~::J.'~ ~~oriz¥l "::~:':'~;:,!;!~~'~;"!:,t;~I,:~I: ~~' ~':!'~~;~<t~;:;:i~ ~;.~tn~i! ",.' ex~e:ptltinat:odhes! fiaVina.iin atell above ·d-w' , l' :. 
:'QP:~atiooafp~rl~d~',' " , " . 
stP.;." 



beginning of the irrigation season. Major maintenance works that require input of experts 

and materials are handled to the respective BoWR of the Regions. However, operation and 
maintenance arc mostly overlooked and are not a major activity of BoWR. There are no 

routine inspections. When a major problem arises, the BoWR will look for solutions. These 
days, Woreda Water and Agricultural Bureaus are established to carry out the operation 
and maintenance (O&M) of water and irrigation infrastructures among other duties. But the 

budget allocated to them is small and they don't have the required capacity to carry out this 

job. 

1.6 Dam ownership 

Dam owners arc responsible for the safety and the liability of the dam and for financing its 
upkeep, upgrade, and repair. The common legal understanding is that the dam owner is the 
developer of the dam, and is therefore responsible for the potential impacts, which the 

impoundment of water may have on upstream or downstream life, property and 

environment. 

As most infrastructure facilities, such as roads, bridges, and sewer systems, are owned by 
public entities, large dams are also owned and regulated by the Federal Government. 
However, the recent proclamation (Proclamation No. 19712000) allows a person/legal 

person to construct waterworks including dams after obtaining a permit from the 
Supervising body. In some developed countries the majority of dams are privately owned. 

The few existing large dams in the country arc owned by the Ministry of Water and Energy. 
But it is a usual practic~! that dams are operated by various agenCies depending on the 

primary purpose for which the dams were built. Thus dams constructed for hydropower are 
operated by Ethiopian Electric and Power Corporation (EEPCO) and those constructed for 

water supply are operated by Water Supply AuthOrity. This has created a sense of 
"ownership" of the dams by these agencies. However, Ministry of Water Resources 
oversees dam operation during critical periods (i.e. droughts and floods). 

Many small/micro dams were deSigned and developed for 551 by Regional Governments. The 

operation and maintenance of these small dams arc carried out by Regional and Woreda 
Water Bureaus and the beneficiaries. 
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2 ral1;ie$ Involved and Rel;ponsiblli\:les 

Those ipyolli¢d in the dam business fit into five ma'in c;ategoties as Jo!lows; 

i. the, dam owner or .developer (ow,hel"Ship may ,change from time ,t<)--

': pp~~te and maintain the,dam 
H. : the s4pervising body/a_uthorfties who issue'a0d. administer legal. permits _ 
iii. ;' i~e-'t~chl1kai adv'rsersJe.ngineets wh~se fQles indude ln~~stlgat)~:ln, d1¢Sjg~. e>l<i{ui,~~~ 

, and technical advlc:c 

IV. '~he c~n~tructors or contractors who undertake cQnstructi~ri and m"int:"ll,~p(;~,!i~! 
, to sp~cificatio:ns by others 

v. :' i:h~ _pbblic, who may be affected directly or indirectly by: the -dam and wf",,-h, 
" ~er,taih rights,. particularly- under 'environmental :<\hd-lic-ensi'ni!legislation. 

_ ,_ "i ' 

"Tne r,~spe:~tiye ro!_es"and relationships between toe partie_s are in~r9duced in WI'''>'«',) 
" I ' 

sectiO!1~." 

2.1 Oampwher 

Whil.' ~h.d/lm .owner(who may als~ ;beth. initial develop<!r{",.y n~t. be t~j'hh!" 
· ~~alin~cI ~.m.y~l"ya ~1'1iv.ly .u~er~l!].~t,?l. in • n;lW ljev.eI<>J1Went "r in. a pr>1"l1i;'!!; 
an ,eXi~~ns,~~{the 'oWl'!e:r ,n9neth$less,,,~cu¢_~-s the most impO~nt r.ole, ft'is m"Oi"'" 
who hpld'.th~v"rious I.i~! permitsf"r tp.d,,,, and is legally re,pQ"~iPI. for majnt.itlj~;·~ 
'QamjR-~ 'pfe,:,col'l(iitiol1'And {or operating it, ~el,y, ' 

- " - ,.' - - '. , "-,-

;rh<i <>wn~r~ll¥ reli.s pn engineers for.:ll1'I'e$li~tlon', de,ign, .a{j"Y""'i.vlS ,"'q-'h1lPltli 
,~nd'''r) jUi)ably. qualifi.d ~on>trUttiontont~.~o", .for'cc>n~'rtl<Cti"~ 

,::sjt\l~ti9ttti:_:~h.-"t¢_~hni.qil a~!sers 'and-"eontriaci~rs act '- -':, ' : ' 
, ,~n, apprbprlaie t~vef ,Qf_f"espcnsibijjty,:'-and,,)i~~fii'b~ for their actjonS!~nd,er_~he '",,_ ,,", 
;' 't~ntrak~ 'fo'r theft- seNrce~_ However<"it: 'i~ i~p(1hant: for the, owrie~ ~to r¢t~g-niz~:t'lf.tr" ' 
'," • ' ''';'' , • , - , '_' L 

eve~tPf. pri;>~lemari'iog, the Authorities win· 1001, . first to the:ovI,~er.nd the''',.nE,",'''!jii 
".fuIIY-l,lh4$r..stahi a/f owner, -liabitities; ,th-~ nql~~' qf the' liability whit~:th~ owner's~' ~.""'i.o 
" -. ," ':, :- -: i- _. . ,,, " ' '. ' '," , 
·'-acC,~Pt; ati:d:the -level- of.aQditionaJ risk to bc: carried. 
," '" 

· A, resppn~tbje_ ,a~tftude_, tOyiards 'safet;f:.: by 9wn~s is eS$_entiaf. ' ,;. : , 
,- ~~g~nte·':Sit6atfO",S." tf -is also a prudent: 'mearl$- of protectin'g 1 i :' the in"~s':)1!l! 

The ~~o~s the.putse stringS ~."d. ini~.«1S all of the . aotW!~j;s a'.""."ial:ed "'ith:~~ 
, deV~op~~n~- :iln~ contihu~d safe opera(K)rt '$y t.ll1detstandi11-g, at)d t~ttuiHng guirdeiliol',''* 

_ ,as,:~~e, W"be ,imp~ern:eo~d, the oWner wjll _b~ ,taking positive- rni~f ... tive~ tq ensure <'''!<~'!! 
": '4'~ is:~fE!i'y,,#e~el()p~d, ~~amta{ned ,and',op~rat~& ' ' 

2.2 -rheSlipervising, body/Authority 
, ' , ,', ' 

· The.SUP~rvising_bodY.(M"WE or anYOTSaJr ~,ogated by MoWEr shlilt b.r.~ponsibl. . 
pl#f!iJ~;_:J~~~g$~ent" ,¥iilizattcn and ~P~dt¢F,tion of waxer re~~;;'~~s,.':~cord~ng" \', >~liI 

;. Ethl"p",m;W~terR.'o"'t.s Manag~men~: J'r",..mation (No.11j:7/~O!l() •• he 
- , . '" - , ., . 

~uties' 9:~_the_So~rvising-.bOdy refac_ed, ~-dams. ~~d dam safety Issv.sllncJ~e;,the folt""/i{ljt. 



• issue permits and certificates of Professional Competence; 

• require submission of plans and proposals from any person who apply for a permit to 
undertake any kind of water works and approve, rejects, or amend such plans and 

proposals; 

• establish quality standards for surveys, design and specification of waterworks as well 
as standards for the construction of waterworks necessary for the development of 

water resources; it shall also supervise compliance of waterworks with the 
established standards; 

• prepare directives. in consultation with public bodies concerned, in order to ensure 

that water resources are not polluted and hazardous to health and environment; 

• issue directives pertaining to the safety of hydraulic structures for the prevention of 
damages caused by dam water to dams. persons. property and crops; 

• give an order of rectification or suspension of waterworks which are incompatible or 

inconsistent with the Ethiopian water resources policy, relevant Basin Master Plan 
Studies and water resources legislative framework; and ensures its implementation 

In considering environmental issues, the Federal and Regional Authorities will be concerned 
with dam safety in relation to potential environmental impact. 

2.3 Engineers/Technical Advisers and Contractors 

Technical advisers and contractors cover a wide scope of activities in the dam industry. 
Various aspects of investigation, evaluation. design and construction demand a high level of 

specialist expertise. particularly in the case of large dams or technically complex dams. 
Typical skills and related roles include: 

• engineering geology and geotechnical engineering skills for appraisal of foundation and 

dam constituent materials and their behaviour 

• hydrological and hydraulic engineering skills for assessment of river flows and 
hydraulic design of spillways and other hydraulic structures 

• seismological skills for appraisal of earthquake risk and selection of design criteria 

• enVironmental assessment and engineering skills to identify issues and effects and 
achieve environmentally appropriate solutions 

• dam and related structure engineering skills for design and detailing of the key 
structures and mechanical equipment, and establishment of maintenance and 
operating procedures 

• skills in evaluating and managing construction risk, particularly floods during 
construction 

• project management and quality assurance skills to ensure approved deSigns are 
translated into effective construction 

• construction competence, experience, and integrity to ensure all works arc built to 
the standards required • on larger or more complex projects, this will require 
selection of a range of specialist Construction Contractors for different parts of the 
works 

• peer review and appraisal capability to overview technical advisers work or 
undertake periodiC surveillance and safety reviews of existing dams 
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Tech!1'ica! advisers playa key, part in ach~ing safe and ,effec,tive dams and , 

resptmsi;bility for "their advi.ce or services. It is vitaHy important that they and t!te­
understand the extent Qf their roles aind the bQ-Und!lr~es of their 

~.xarnple, -tt is not practical or reasonabl¢ to expect the designer of a dam ,to ",rtjl)r, 
adequacy of fts construct'ion if the desiiner: has not had adeqvate 

construction or cOfltrol over decIsion r~aking on site. It- is therefore usual- pf',Ct"~." 
con-timHty of, key technical advisers b. maintaitled" through design, 

, 

-Other t~ht1icnl r:o[es indude dam qper-atjon and routine- surveillance. Ge,nerally .he.,;;"" 
~re! fulfil~~d by th.~, o~ner·.s permanent sta~, or services n'1<ly be c~ntracted out' 

The_pub-Uc Jf1teliest is cared for in the ,br;<!\'a-d~r sense by !egislatlpt1s:'an-d' itS onfp!'t~'ttl1I~ 
ttl" >;u,horlties, 'M .. moers df the publiC pat'tlculariy those alr""tly alf~,ted by the 
~peratjQn have a direct jn'ter-est io b¢ iflvQJY,cd in the planning and Impiem"ntltk)npr'>t<¥ 
'Jf dams:, Othe:r~ m'~Y have interest in ~dv~n(:i~g -a particularly envlronmentat. saCtaV 
or political-perspective. I 

Publi-c safety: is of' primary Jmpo~nce.an4 'Ol1.e of the, reaSOI1$ boihind,:hescgu1i<4!/in,,,.,;!t 
, other p-arti-cip-arits. in- the dam industry mList at' all times recognize ·theh~ duty ofcali¢',·!'Q.·tj 

publiC'and,aet d~ facto as agents for~-the ~II b'eing·of the-public. ' " 

, . , -' i 
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3 Legal and Regulatory Framework 

Ethiopia does not have specific dam and dam safety legislation or administration as some 

other developed countries do. Many countries have dam safety laws that require application 

to be made and subsequent approval obtained prior to the construction of new dams or the 

repair or removal of existing dams. In addition, legislations require that all dams be 

periodically inspected to ensure that their continued operation and use does not constitute 

a hazard to life and property downstream. Some low-hazard dams are exempt from the 

provisions of some dam safety laws. In most instances, these are dams less than 5 m in height 

or that impound a volume of water less than 20,000 m3
• The height of a dam is measured 

from the highest point on the crest of the dam to the lowest point on the downstream toe. 

The volume impounded by a dam is measured at the highest point on the crest of the dam. 

There are some broader legal obligatiOns under Ethiopian law which owners need to 

appreCiate. The policies and legislations which are somehow related to dams and dam safety 

issues arc described below: 

3.1 Ethiopian Water Resources Management Policy 

The Ethiopian Water Resources Management Policy formulated in 1999 by the Ministry of 

Water Resources with th~ belief that an appropriate water resources management policy for 

the sector will enhance the development and management of the country's water resources 

to make optimum contribution to an accelerated socio-economic growth. The overall goal 

of the policy is to enhance and promote all national efforts towards the efficient, equitable 

and optimum utilization of the available Water Resources of Ethiopia for significant 

socioeconomic development on sustainable basis. 

The policy aims to ensure access to water for everyone fairly and in a sustainable manner, 

protect water resources and sources, and promote cooperation for the management of 

river basins. The policy underline the fundamental principles that water is a natural 

endowment commonly owned by all the peoples of Ethiopia and that every Ethiopian citizen 

shall have access to sufficient water of acceptable quality, to satiSfy basic human needs. 

3.2 Ethiopian Water Resources Management Proclamation 

The Parliament of the Government of Ethiopia (GoE) issued Ethiopian Water Resources 

Management Proclamation No. 197/2000 within the framework of the Water Resources 

Management Policy. The purpose of the Proclamation is to ensure that the water resources 

of the country arc protected and utilized for the highest social and economic benefits for the 

people of Ethiopia, to follow up and supervise that they are duly conserved, ensure that 

harmful effects of water arc prevented, and that the management of water resources is 
carried out properly. 

The Proclamation provides that all the water resources of the country are the common 

property of the Ethiopian people and the state. The Ministry of Water Resources shall 
ensure and administers that the management of any water resource is put to the highest 

social and economic benefit of the Ethiopian people and the management of water resources 

of Ethiopia shall be in accordance with a permit systems. The Ministry is entrusted with 
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broad powers of planning, n;lanagement, utilization administration and protection' 
resoUrCes. 

The 'basic. thrust ~f this proclamation tS that ,Wi\ter resources 

administration in the, count.ry Should be based 011 tn,e_ ~natjonai water Policy, tb~-

river :basih m~st;er plan studies and the water resou-fc;es Jaws of the, COUnltry. 
clearly identnl-ed as 'supervising booy:! In charge,· of ~nfordng the pr<,v;"io"f <>!:;'~ 
proclamation. 

The Proclamation r~c,ognizcs' prtndples such as'.' protecting water, resources I., "ornl,,,Uuti, 
:requi~il)g, vvater: us~rs, and water .pplJuters to .pay;, ~n(our~ing, the .. ~. 'ta.bll"hrn"'Jt,'of,~ 

user' assocJ.iltion.s. arl~ the requirement of professional co~p'etence 1;0 engage In "' ..... r~:r:yV!!" 
design and cqnstru£:tion activity. 

The Articles pcrtinen~ to dam. and q<\rri s~fety in the Prodamation are the follawln&:" 

Article 11 :' Nec,,€ssiti of permits 

(!) No person. -sha,1I -constrt,Jct w~tefWo..rks Wi-motlt, havl'og obtain'ed a permit, foe"", , 

Supervi~ing ~o<ly.(2)Any person shali be r.qu;red to' discuss his/her proposal 
_supervising'body p'r'ior to' applying fot:' ~ permit, 

!'Water wo,;ks" .is defmed by the'pI"P,l.rn~ti¢n'$ any ·m.n.."ade CO'lS"'U."",· Qr.' ttl,,'] 
c:6n,~\J(ted, f« the 'purpose _of ~~f'I$ ;;waJ;er to ?enefieiai use l , arid 

cilearingi: "dam' tOhstfuction, dril1i~gt invtscigaiion, -regutatiorL "purification, m"",""''1'' 
~anspor~~. [r,lnsmisslon,' desaHtl~9n., ~i~~' ,construction anQ other rel~t'ed' anti $11'l 
works. 

'Watet" Work$ :ilicttide ~da:m' construdtbt:l: 
, - , -.' 0' -, - '. 

'0:',' '- ' 

.; 'A~tJi-1.1:31 AflPlieatioolor permit . '. 

L 'An' ,,,app!ic~tipn, for water -Ule~- rel~~" or discharge- of "wa~~e .. an"'d:p;;~;~~ 
CIonsttuction:,permlts shall he:'j$u~rrtlttedJ;o the supervl$ing: body. The al " , 
l"cl~9~.detllll"d, information ~:marb~:$pe<:ified in the 'iosu~ti()ns to be' " ·SUt,.,.", 

-"'i' 

t;h." iml>l.me!,~ti<in of the P~4~rnalicn, '.' . 
" ,.,,; 2.Any~l>p1icatlpn.for a periTil(,'to iiiI~';"Qr discharge 'a~yWaste; which" ¥!d"Jjgi 

JluinanJi!io.arujnals, plants 'ojll:ari)l:liV\il~ things, fn'~wa<er. ~lirces .1.:,/1 
ac«>:pt~d, H*Wev~r,' the Supl!rv;';!'lt'boajim;ty aceopl rl1'<>"Pl'li~,ation r.('I"li'rnt::~ 

··<tPPr.~ant;'o 'olaaseor clisdja;;g.affilthilvlhg treated tlie pbiltita,'" 

'i ',. 

:!',rocle 14: I""'nt.o Of permits , . . 

'. I. The Sop~rviling bpdy shall iSiu, tI?" .. permit applied fp, witilin';,jxty (60.) 

, :' """eii>t,<>! the ~RP!i<ati()n; whi\'.tt\4;pfl;CSed use"!M(atet.<I"~.. . . 
w· '. i~y. m~n~.;;~ariY person'! J~I~li'at<i·~t~i;$tS u~n. t~~ "';ijt~r; l~) •... ntailf,,"".'i'1J1' 
B"', ;':!)~I1',f~t;~_~n;~the ~ater':~$4u~~'a,~d:tp~;'enVirO~!l1e!lt; , 

~;: . 2. The:Supetvi#ngbody shaH.iat<> the. d~t!l,il informatlon,~o"qitlons and 
r. . ,' .. ·'.yhich$h9u/d qe mentioned in ttte.~~mitlorm. . . 
-:',', 
, 

~', -
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The Proclamation states that the details shall be determined by directives to be issued by the 

Ministry. 

3.3 Water Resources Management Regulations 

Ethiopian water Resourc.es Management Regulations issued by Council of Ministers 

(Regulation No. 115/200) in 2005. A review of the regulations shows that it mainly contains 

a further elaboration of the Proclamation providing in detail the main requirements for the 

issuance of permits for a water use, water works and waste water discharge, the conditions 

for the issuance, as well as the level of water charge and requirements and classifications for 

profession licensing of consultants and contractors in water works, and provisions for fees 

and charges. 

In this Regulation, the key points related to dam and dam safety is given in Article 7: 

Article 7: Application and Manner of Dealing with them 

I) An application for the construction, maintenance or alteration of water works shall be 

made to the Supervising Body. 

2) The application to be submitted shall contain the design and safety measures along with 

the detailed study of the water works. 

Specific directives need to be worked out with regard to dams and dam safety and issued by 

the MoWE. 

3.4 Environmental Laws 

Environmental issues are given more and more emphasis in Ethiopia, with the recent 

development of a set of laws, following the Policy (Environmental Policy of Ethiopia, 1997) 

and strategy (National Conservation Strategy). The Ethiopian Environmental Protection 

Authority (EPA) has drafted three major laws regarding Environmental Pollution Control 

(No.295/2002), Environmental Impact Assessment (No 299/2002) and Establishment of 

Environmental Protection Organs (No. 295/2002) and the Proclamations are issued by the 

Parliament. 

The Environmental Impact Assessment (EIA) Proclamation has made it mandatory that 

development projects are required to be subjected to E1A scrutiny. It means that EIA is a 

legal requirement. This proclamation is a backbone to harmonizing and integrating 

environmental, economic, cultural, and social considerations into a decision making process 

in a manner that promotes sustainable development. 

EPA has also developed EIA Assessment Guideline Document in 2002 and EIA Procedural 

Guidciine in 2003. This guideline provides advice on how best to comply with the 

Environmental Impact Assessment Proclamation, Environmental Protections Organs 

Establishment Proclamation, Environmental Policy of Ethiopia and other relevant laws, and 

thereby ensure effective environmental assessment and management practices by all those 
who may be required to engage in EIA. 

12 I P .< r. ,; 
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The EIA Guideline details th'¢" ~equired procedqres: for- conducting an E1A in EtI'.!",pJi! W 
requirements for environmental milOagenlent as --weI! as procedures for 

deveiopment sectors tn the 'Country (including: -agriculture, industry, transp6rt. 

dams and reservoirs). Darn and reservoir pr-oject&, are identifie<:i as havl~g a· ,Ij. ". ~t!ij 
significant environme,ntal impacts, and may, therefore, require fufl E1A. Th.e, , 

identifies issues for environmental ass~SSment of dam_ and resct>voit proj~~tf 
impacts and recommendations for en~ironmental manag!'!mcnt. 

A directive (dlrcctiv;e No. 2J 2008) to de-tern.'line categories of 

environmental irtlpaCt ~ss.e$srnent according -to Pr.odamatiQn No. 2991 LU.'UL: '~:':.s~,~~:~E~ 
Envjr~nmcntal' Coune_'1 in '2008.- This 'Direetfve Stated tti~t EIA Proda:mation-';;I 
'to datn and re'servoir Construction pto/ec! jf:, 

•. Darn he.ight IS, meter or more. or 

• Reservoir storage capacity 3 rftillion m:l or more, 

., This ~ir.ctjve imp"es that proj~cts inc","p"f.ting sm;;lldams (as ~""d in thi$ g!.>i~ill\1)i1 
• not sJbjet~ toEIA of ProcJamaticnN~ .. 29912002. . 

. l,5 iHe~ltlland Safety 

, A dar!, OWfH:lir; has liabilities to other people in civil law andro; uric!er O';CUpa!;iOT1'iI'~ 
; and S~fety,!,lavv. (Proclamatiot1 No.4211993),- ,~~nding on the dn:u~stat1,es, O,;c~!""c 

---;Saf-ety: ar1,d 'iHealth Dir¢ctivc has be~h_ i$LjeCi :PY _GoE, Minjstr~ oLLabO'ur and _' ... ' , •• ' .... 

;.2003.: Tt.e:: directive ,deals with the ~~n~rai' sllfety -a.n~, h-ealth p~oviSkms th~t· c·",· eq·,!'I.; 
!lloive$aHy:i,appUoo: in all types of types of workplaces- including ,:t~e general <! .. lit~ir$.'l 

'i.respofl~ibJlitrq$ of empl9yers and wQrkers., Part. five -of the Oirective d:eal:; with ,,,."','" 
:ihealth! rn,::tQns~t;41ctiOh industry;- which Is,:a s~rlous oc(;upationcil h~ard. 

",:;WhH~;' ~~ ~;[Dfrectiv~, ~pp!ieS for the- :grea,ttr part -of ae,tiviti¢:s not dlret;:uy , __ .-
_ , " :S~fety,! tll¢ Pwr~r, (Employer) of a darn ha$ :t~ ~n'sure that th.~' d,am as.':a: workplae~-' 
'~:" "fop~ta~6ila~ empI9ye~; as -w,ell as'f6f-:othe:i:'~r$onS:,_vVho ent~~'tMe site, " ' 

, , '0' ' 
"tAB ~ams prese.nt a,leve! of risk to p-erson:s, especially children. -~af:ldCring ar<'""\.O>tl1~'ii~ . . --, -," 

:(whet~er e!htry to the site is auth~rl;?~d 'or not:)' and any 'features,' that lHay pr".'lih' 

-':;Lna«~pt:~~le' rjskShould be dearly ,id~~,tffie,(f,a~:_a(tdt:'essed.'F;or::e~!1!.pl"e. toe· 0 ,m'.1\1ay 
" ,,,,, -' " 

,:a narrow Crest. that. is c.ap~ble of b:elng' dr;ven over, or it may tia:'le steep up"tj",oiJr.', 
':: ~OWh~r$a~ slopes-. " , " ,--

" ! 

)~Varning:: A-ny repairs to,~ms th;~.t ~re_tet~<i;!iing'Q'r ~ktng wa~er sho,utd DE1-feft tb'Ei¥ii;>ill 
:a~,thej.e haVe been a n-,umb~r of indde.ntS' (i~~iuding'd~th) inYolYing,:-,pet'~Oris tj")'irtj(P;~'j", 
,"i~h~~: 'V¥h~re: a:n- :(!frbankm~nt i~' ~WeTlng- :1.lnu,suaJ. leakage, Of, ~as suff~red- ""tBilliii 
Ptith¥TiQ~,"mpl~ly fail~d, cauti4\n ~Mulil be e~ercisod· arid exped help . . ..... 

';:~ature;of:tt}e;'danger~i,to p,~~ions tr0~g:t~ 's;ivei ,th€,:da~ maYinot:be'JiSj~!~, !lmU}iay '.':'-
: i reGog~i.i~'}~:ven--qy, thOSe, who are 4S~(l to -q~.j{1g d¥ns. ' ..• ...:,' ,;, ,'" ~" ' ,,' " " , " - " 

",' .:. - " , 

<yV:u:ef;" quality -in- a 'dam'can become AQrt~trrlihi~ed 'or -pplh.Jtedf i(: ~ot-rep)entshed ,'o~,,' 
-~h,ete~<i~~ ~~r:e 1$ ~a 'r:hance th.at ft ca~,::~~~ome,-a dange# to -thos4:wh6"'d~rnk the~· Iit'.r i,," 

',' pownstrea~ 'users 'if"paS5Cd: downsti~'1Y\. ~v~n if the tnfdaJ water q~t(ty .was 'l!ti.!a~<»1 

i'l! P ,",?,. .;:' 



Sometimes flushing is done during periods of high inflows, but this is only possible after the 

nature and level of the contamination has been determined to be safe. Maintaining a regular 

flow release from an outlet pipe can prevent the bottom water becoming anaerobic often 

identified as a 'rotten egg :smell'. 
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4 Da.m Failul'E> and Dam Hazar(l,~'a.$$ifi(;aPon 

4.1 Failure of a dam 

Dams ar~ complex structUl:es subject to several forces that can cause fatlure-.·T, 11.,,,,401 
are active ovt::r the entir~ life of the dam, and the fat,t that a, d.am ,has stood ,ai",II)',fu'r,)~ 

not necessarily an indication that it will nqt faH. One of- r.he (orces inducing fa-ih,1,.etf 
through the dam. or Its foundation. All dams seep. but- jf the, seepage is too ,high in!"" 
can cause -a structural failure ("la-nQslide" of the matgria!s, ,in the dam). If the $e<,,,*;~,: 
to the ,ground surface on or below'the dam and eXits too, fast. it ca~ carry 'soH .c'~ :'> 

dam or foundation, Olnd cause intern:a! erosion or "p,lping"'fidlure, Another way a -". 'am "a,!); 

is by being overtopped and washed out. Overtoppin~,. is the resuft of having 
emerge:ncy spillway capaory or a doggIng of spfllway-s. Cause.s a'nd prevention of',,,,,",, , 
arc discus~ea throughout thfs GuidelinE:. 

'Faijure' of a dam does n'ot" necessarily ,mean the same- as 'collapse" of th:c .<!ilm,{/'1j 
,ge~erafjy,,jtmay-mean failure t~ its desi,n' obj~CJjy~-!i; Hence, any damage to a ri','n,.,.k, 
"coHap~ (~l1ch as-development of cracks, localized slumps or erosion) or any fa . .ii(ll,.,;';j~ 

water as '~,sjgr:led.- (such as excessive'leakage through, under or around';rhe d""'}'il';'! 
inability t6 :pass In~oming flood waters via the spfnway, may be regarded as a faili"" 

dam, ,tho,l,lgh some' failures may be m~re sf!!rious than others.: 

Should ad"" fail; its owner i,iikely to be held legally liable for .11 ... ocl."'d<la.I~':t\.;: 
, minimize, tH~,-poS$it>jf.jty of failure an-d rhe attached liability, an 'owner should: 

'u~ ; the :septices 'of a suitably, q,ualified engineer t,o de'$ign and, <onst"u,;t ,111 ... 

mak'¢; peri,'Qdic vis.u:al inspec:ti.ons q:f the dam; moni.tor cbnditlons th~t m'¥'>ffO~ •. '~ 

sa~tY ~f the dam; perf~rm regular maintenance: carry out repairs where' 
required to meet current. ",deslgn and constflJcti-oi; standards; and ,.,. 

" I ' , " • ..', .: 

'exp~f1enced dam engineer investigate any unusual condj~jons which cou.I<;l,: , ' ' 
'pa.rti~li' Or total faliure . 

. 4.1 lil&i,llood ofa Dam Faillnl! 
, '. ! 

A 9arn rn~: f~I' ~y .YI"tcr. pt;lssing un~r" oy~r, through or il,towi'd it T q avoid, (aitvre" " 
.', bepro~rlY',~ofll;,¥t¢d to the groul\d .~deOh$tructed~singb~st mator"l, and iiIE.ll,(di 

make it:;.re$-I~~nt tpJe;akage ~nd erosi,on; : 
, ,~ : : " - , '.-

AlmQI;jgt;,,$JtI~1J dam Jailure.s ;(.ia nOt ma~~.,:their way ,Into .. the newS:: media very ~, .,' , ,--
-., f~et tha~'a,C:f!,¢:i,~ji: the e:Quntry ~oi'ne small ,tta~s'futL .-

'. 1"h~ thlli"im-Jor fa'liures rnoclesof smaUdalr>sln Ethiopia are: 
" _.," , . ".' ," 

• S~4im~nl>\11on'be5ind dam: ,e<lirnejmdeposlted <log oudet •. , ndil't:'.ke .tl·Vttl!"~J.< 
• Se.'p.a~e Ids~.,thr6uzhJounda~o~"arik,e~bankment' , 
• Jo~ '~~tchm~rit Yield and tow yo!urrie;'clfru>'red wa~er 'in qams: 

",'I'St·rag e , 



The most common causes for failure of small dams in Ethiopia would be as follows: 

a) DeSign is not adequate (hydrological, geotechnical, hydraulic). 

b) Very limited site investigations are undertaken and consequently understanding of 

site conditions is poor. 
c) Embankment placement methods are substandard ego soil compaction methods. 

d) lack of watershed management practices 
e) Maintenance or inspection frequencies are inadequate. 

Many failures result in tot.al loss of the dam. In those cases where damage can be repaired, 
the costs of repairs can be very high, and possibly greater than the original cost of 

construction of the whole dam. Many dams, even of modest size, should be designed and 
their construction supervised by an experienced dam engineer. The advice of an experienced 

engineer should also be sought if any problems or uncertainties occur after the dam has 

been in service. 

4.3 Dam Hazard classification 

The destructive force unleashed by an uncontrolled escape of water stored behind a dam 
has the potential to harm people, property and the local environment. The consequential 
losses can include loss of life, socio~economic, financial and environmental losses. 

The risk that a dam poses is related to both the consequences of failure and the likelihood 
that a failure could occur. Measures can be taken to reduce the risk to an acceptable level 

and that is what dam safety is about. 

The height of the dam, its maximum impoundment capacity, physical characteristics of the 
dam site and the location of downstream facilities should be assessed to determine the 

appropriate hazard classification. 

When considering hazard in terms of dam classification, it is important to realize that the 
term "Hazard" is not the same as "Risk". For example, a large dam may be rated a high 

hazard structure because its location is such that a catast.rophic failure and sudden release of 

water could adversely threaten downstream life and property. However, the same dam also 
could be at low risk for failure because it is conservatively engineered, receives regular 

inspections, and is exceptionally well maintained. Thus, its probability for failure is very low. 
In other words, risk is the product of hazard multiplied by the probability that a failure will 
occur. 

Another example to illustrate this concept would be a smaller sized irrigation reservoir 
located miles from human habitation. In this situation, the dam is rated a low hazard 

structure because of its location, but it could be at high risk for failure because it was not 
properly designed by an engineer, it has never been inspected, and it is poorly maintained. 

It is important to realize that a dam's hazard rating does not define the physical condition of 
the structure. Instead, "Hazard" is the definition that is used to estimate the amount of 
damage that could occur in the event the dam was to suddenly fail and release the contents 
of its reservoir. For that reason, any dam that is rated a high hazard structure must be 
properly deSigned, regularly inspected, and maintained in the best condition at all times 
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because the consequences of a falture -ate- Just tqo, great to ignore. At! re,,,,,oal;!!> ",il!1 

must be 'implem¢'nted to r~d1J<:,e, the risk of failure .f<>r high hazard dams. 

Many countr;ies which- op-erate dam safety programs have- established a -ci,ssiific"'tio'Il"'YS 
between 3 and, S- .catcgorres that relate t9 the cq-nsQquet'lces of daht ,., ~at'''',;it 

classifications divide dam haza-;ds-into three ratrng:s:,,19W, significant and high .. , E~:a~~C:~h,~' ~:i 
estimate of the pOtential- conseq~ences to down~~~_am life, pt'operty and er 
would rcsuldron'l a catasttophrc d,am failure. 

For the purpose of this Guid~!ine, -FEMA's (US Fe.deral Emergency Management., \l;'i''' 
three classification levels are adopted as fallows: low, significant, and high, llSt:e~' 1 " -

increasing adv~rse incremental, consequences. The dassJfication levels build 

i.e., the higher order dassificatton levels add to the- -list -of canseql1€tlces fdr'. ,'". 'j,;" -' -

classification 'levels, as noted ,in'the Table 4.1. 

4.3.1 Low-Huard Potentl,a! , 

Dams' ~ss'igned 't~e low hazard potential classification are those where JaHure 

,op-er<!.tion, resuh:sry" no probabJe loss of human life and low econoMic and/or e~~i~06I"" 
losses," ~oS5es are prtn~ipaHy ItmH:ed to the owt:'l-er's: prgpcrty. 

4.3.2. Signili<",n~Hazardl'''tential 

,,; Oams:_a~~jgn~d:~ ,signifi(;ant.hal.ard:-potent-i~ _ciassl(i,atlon are tho~e- dams v' ,h,,',. hilii/i§ 
, mis.op~ration, 'ra~ts in no proba-bj~ loss Of hum,an life but C~f), (:."!.1,lse 

, envin:illni.~nt;af j:laMage, disrl,.lption of tife-line: facUlties, or can 'lirnpar.t. 

. : Signif~ahr h'~:tard{:t)ot~ntial classificatiQn darn,s :arc often located- iff p:;~~. :~~~i~:;;~.~~~ 
agricuttuf'aJ ,are~s' ~ut,<.:ould be located -in ar-c~s 'With popu!:ation an? Si~njficant i, 

.4.3.3 High Hazrrd 1'0'enti.1 

P.ms~sig~.d,~ high hazard, PQten,i.1 plapsifiqtipn 
'. ope,iti;;>"w;,i P'~"IY ".os. loss of human lii~ .. ' 
-. ' , " ,- , . , 

Taple·4,l Dam hillOr:<icias,ificadons 
, , ',' 

H_rtil. 
, . ; Poteh$uil 
'CI";IScttl<>n , , 

Low- " 

. '; Loss o'tHuman' ute . 
: IOS5~S 

~NOl)~ :expec-ted , -, 

: .\No-ne '{;:xpectoid' ., ' 

,):rl\*!abte. _One or.: :nrdr~; ,!¥:e-s 
':exp¢cted 



5 Planning of small Dams 

5.1 General 

The following chapters relating to new dams outline recommended principles and 

procedures to achieve a safe dam. The key components and principal safety issues which can 

arise in a dam development are outlined and then the recommended procedures arc 

described. Procedures are covered in general terms and arc to be applied for small dams 

with low hazard categories. 

Small dams are commonly constructed of earth materials because of economic reasons and 

convenience. Even though this guideline will focus on earth dams, the principles and safety 

issues in design and construction of concrete gravity and rockfill dams are also covered. 

5.2 Dam types 

Small dams arc usually built using suitable materials found locally where the dam is to be 

located. Various materials are used for dam construction including earth, timber, rock, 

concrete and steel. If local materials are not suitable then they may have to be brought in 

from other areas. The embankment types of dams (earthfill and rockfill) and concrete 

gravity dams are discussed briefly below. 

5.2.1 Embankment dam'S 

ICOLD defines an embankment dam as, "any dam constructed of excavated materials placed 

without addition of binding materials other than those inherent in the natural material. The 

materials are usually obtained at or near the dam site" 

Dams constructed of soit, of rock, or of a combination of soil and rock are called 

embankment dams. Embankment dams are most economical where the materials at the dam 

site can be used to construct the embankment with little or no processing. 

The materials available locally control the size and configuration of the dam. Small 

embankment dams can be built of a single type of soit, which must hold back the water and 

provide enough strength for stability of the embankment. Large dams are usually "zoned," 

with fine soils (silts or clays) at the center of the dam (the "core") to hold back the water, 

and sand, gravel or rockfill in the upstream and downstream parts of the dam (the "shells") 

to provide the strength needed for stability of the embankment. 

An important element in a zoned dam is an impermeable blanket or core which usually 

consists of clayey materials obtained locally. In locations where naturally impermeable 

materials are unavailable the dams are built of rock or earth-rock aggregates, and the 

impermeable layers of reinforced concrete, asphaltic concrete, or riveted sheet steel are 

placed on the upstream face of the dam. 

Embankment dams have been built on a variety of foundations, ranging from weak deposits 

to strong rock. An advantage compared with concrete dams is that the bearing strength 

requirements of the foundation are much less. Minor settlement during and after 
construction is generally not serious because of the adjustability of the material. 
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5.2.1.1 Earthfill dams 

An ea-rthfHl dam is. an -embankment_ dam, constructed_ primarily. of comp,acl:¢!l ",,,tlH! 
fiomogenl!!ous or zoned. and -con:taining more thaM ,50% o(earrl'r'. An earth d."o'it 
trapezoidal embankment built In a vaHey to form a-water_reservoir. 

Earthfill ,dams have many advantages over e_quivateot cQn(rete structures .fi<!I'j't!>':,' 
appropriate- for farm or other rural situations._ Dams ~p to 15 m high; when fill,;!.,"h·,' 
sites and correctfy designed and constructed using good .¢"arthwo-rks ma.t.'·I.J." .. J:":!'~ll<'~ 
using relatively unsophisticated design procedures ar:rd equipment. 

The sloPing wa1;er iace Is caUed the upstream slo~e {face) .<V1d the PO''''"''tre'Ofl:1 eaH~i\ 
dQWnstr~am slope. jMore gen~,:",afly, the main fe_atun~s -Of'-a d,affi are sh9wn)n Fig4t~: 

'flg~~ 5 . .1 M~n featu'" of a small Earth dam .. 

5.2, Lt RQ~kfili dam. 
- ." ' . 

, iIC~~~~ne.a r<kkfif! da,mas. "an embMkmenttype of dam,deReJ'O:lentfofl 
, ";prim~r1I)i'ar' rodf'.As tQd~fil! dams must contain an impervious'ion~r~ f;'IOWti~'j·i'lIji .• 'Il'~ 

"earth ~Jth' ~fter' '9?'S' ,compriSing a. substanFiaf volume- of the d~m. ~,th.e' te6n_ 
':, :u~U~Ir: .r~prFs~,n __ ~- ,iii ~am that ~olltaJns' more than S'~: of compaqed ~r. :<fump.,ed il~~ji'\' 

_, ,Th~" datTI- -1~-, de~,dlent for water' t1ghtnes/J on 'an irnp-ervi<lU$ ,U'p$tr€.am _b1a~I<,,,,:ot. 

imp~rvlo(J$,.~9~¢" ,i ~.ction of a typicai rocldHi dam is';shbwh 'on Figur~i -5~-2'-
. , : ; 

.like.~·"aijbd.mr~ ,~compo,ed of ftagmei1'>1 "''''''rials, ",ith e~<h 'pOiC'tI<le',lnd'epl<rld 
:meoth.ers: trhem.,i stability is developed by the frl<:tiM and int' ",.-." .. ,.¢tior, \>fi"oti> 

, ,:;' ~ ~n arl~~~r:J~:j~er\~,~" 'by any ,ce:rnenilng,aSf:!flt that bt~ci~:thll . t9gether. 

:: ; ifhEt m~n :r'~d<fi" P~QVid~s the structiJral-::support for the dam ,by"t:L~weight .... , ... "''' 
··c i "1'tinli:y, TIle jmp(Of'VI~us lone ·holds back the W<lter.ltis made up .til tile m.·,m~(rtt'''·\'f/ 

< hold$;: the: :Wal!er an~i -,transition zone which trans.fers the water loa~"t6 tn\';!· r.' o"!rftn ••• 

"J91,?age' 



membrane may be a thick blanket or core of earth or a thin diaphragm or deck of wood, 

concrete, steel, asphalt, dry rubble masonry or stone masonry. The auxiliary support 

members help to sustain the membrane or parts of the main rockfill. These components are 

similar to the shell, core" and appurtenances of the earth-fill dam and are analyzed in a 

similar way. 

Rockfill is particularly suitable when there is no satisfactory earth available and when a 

plentiful supply of sound rock is at hand. They require design by professional dam engineers. 

T '~ 
... ", 

"" ROCKFILL 
".', ":',;-,'.. with upstream face 01 

,,;:'"',,' ',',', ,', 0 - ",:,~. concfeteorasphait 

T"~"-t:~";{~'~~".::;::,; ;"\ -.. '~ ~'j;:'~. ;.~;:~~--

ROCKFILL 

with central core of asphalt 

Figure 5. 2 Sections of rockfill dam 

5.2.2 Concrete dams 

Dams constructed out of conCrete and which rely solely on its self weight for stability fall 

under the nomenclature of gravity dams. Concrete gravity dams gain their strength from 

their mass providing resistance to sliding and overturning. It has a cross section such that 

with a flat bottom, the dam is free standing. The dam has a center of gravity low enough that 

the dam will not topple if unsupported at the abutments. Because of their lack of flexibility 

they are generally founded on rock. A favorable site usually is one in a constriction in a valley 

where the sound bedrock is reasonably close to the surface both in the floor and abutments 

of the dam. A section of a conventional concrete gravity dam is shown on Figure 5.3. Small 

concrete dams generally may have no internal galleries. 
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Figure 5. J:'A s~ction of ,a concrete gravity dam 

Th~ -<lem~riq~ ot_pr,pducihg a sigi1ificant ,quantity, o.f concrete ahd, the ~lorm'kOrk ' 
. ,often mean concrete ,dams. are not economic on a 'smalJ s:cale~ Con&eta 'dams' -'aI'i';f'~ 
'; de$ign'-by,:-p-~'J"S~jOilaldam engineers. ' """', "" 

5.3 Prineipl!I,Pao:n Components and Related Safety IS$~s 

The- compfet¢ '<$01':11' co;mpris~s .several 'parts, fhe number and :~pe,,: .' 
partiC:I:I!ar: 'd~rn a!ld- Its function, 111 the coo?ext of dam, safety, ~h~/~afh, also' . -,:', ' ' 
-re~ervoi-r'ahd 'its 'margi:ns. 

: The' main: corrn;~ents:of a: dam ar'e: 

--,p, ,-,-

• 'R:~pervoir 
• Embaokffient (dam body) 

'-_.' "." 

• 
• 

~ "fo:Qndati~n 

#>IIIWa1:' . 
. o~tet :wo~ks; 

" j' 
i ,~ 

·r ;. 

__ .::r~~ __ 'Pr:itn;~f;~~PQt'r:ents; theIr funpn<;mai:, t_~jremen~s\ ,and' i::Yjl,i~~ areifS whel';"""ci~'~"~ 
-'-s{ife¢y jfltlef':~cur; are- 5wmmfuized as fQilOWSI ' : "'1 ~;- , ' 

(il" '. :rru.~~"~(I;~: the reservQir,,,eh'l)d,~hed.nt ;ViII g"nOf'al~'I1!'Y~ a,j!u~tlI.;~g:ffl 
',J~wet :Whi~h:; ,-cerrlp9tari1Y increases, 'as:"fl~di pats thrpugh, I,t", 1?,,~1:r"~~ 

'" si¥~tt W.bir: i,$ ~n- off, -for use. -initiql' re~:~r;Voir fiUing' a,nd:" ch:mi",' 
:' res~oir: ni'a_fgiOS u~stabfe where they" atE;r,~~~ep atid/or- ha¥~ unf~~ol;aibl. ge'ol"igy. 
, r~~ervdir ls'·fi.i11 aild _i~er.e is a major reservoir i~ndstide, the dj,s ,pl"ce'il!~,~t!>r 
':tJarn~ge' ':(fdYf~$.tre:am,and. also cause t~e' dam -fa :faii. " 

" ,', -'" ' , : '.-,' - ': "~ , 

" ",(it)' E~bal1~.nt! the Embari~~r-t.rs the main' dam str'uct~!~~h~t treat~s,' "",.m 
'< .- '-'.wh-ich'J10l.~,,~:,:s,t6red' water, The:'embanklirient, cannOt be) t;rea~~,-:tft isolation""""-' 

:: :. f<:Jlt~¢l.tiO~s':o~ th¢ adI-ac'im~ natural grQ~O'd' (~~ ~butments), Wjtf:1,·'whi~*~~l.~ctS ,in anint~ 



manner. Similarly the darn and spillway design need to be integrated to ensure that flood 

flows do not overtop the dam. 

The embankments (and its foundations) must have adequate strength to withstand the 
applied forces and be sufficiently water tight to maintain the storage and prevent seepage 

from eroding the materials of the dam (it is unlikely there will be no seepage). 

Areas of risk affecting safety can be extensive and include: 

• not correctly assessing material properties or not correctly placing materials during 
construction, thereby leading to lower strength than required 

• material types, thickness and disposition being inadequate to control seepages, 
leading to internal erosion 

• overtopping and erosion of the embankment 

(iii) Foundations including abutments: the areas of ground on which the dam is 
located and the areas of ground adjacent, form part of the total water barrier. If the 
foundations do not adequately support the basic dam structure, or are themselves weak or 

prone to high seepage flows and forces, then they can create an area of high risk. As for the 
dam structure, areas of risk can be extensive and include aspects such as: 

• geological defects in rock structures which arc points of weakness and/or of high 
seepage flow potential, leading to poor structural perlormance and potential 

instability due to seepage 

• weaknesses in the abutments making them vulnerable to slope failures 

• lack of information, inadequate identification or provision for seismic forces and 

movements 

(iv) Spillways: the spillway has to carry the flood flows safely past the dam and can take 

several forms. These include the usc of a separate auxiliary spillway which operates only in 
floods which are very large, or have very low frequency. In some situations, particularly 
where the reservoir is not permitted to rise significantly during a flood, flood gates are 

installed and opened progressively to bypass the incoming flood flow. 

Spillways and flood gates constitute a high risk part of the dam, with failure of the spillway 
system putting the dam or abutments at risk of severe erosion damage possibly leading to 
collapse. Areas of spillway risk include: 

• flood sizes being underestimated with consequential undersizing of components 

• Secondary effects such as debris blocking the intakes. This is often important for 
smaller structures with less spillway capacity. 

• energy control arrangements at the end of the spillway being inadequate, causing 
erosion and structural collapse by undermining 

• spillway chute details allowing high energy flow to create destabilizing uplift pressures 
at structural joints 

• flood gates not operating as intended and auxiliary spill paths for this eventuality not 
being adequate 
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(v) Outlets: outlets ,or conduits may be requi're<.t -tor-drawing off water ft<,."t.li)ll~ 
for its ultimate use. Conduits, particularly those take-ri' through the d,!m· .tr1llit( 

foundations, create s_afety risks if the conduit openl~gs can admit high le'k;,gi<)hi/li, 
surroui"ldin'g fill or foundation. If seepage can track 'along the conduit In an uh,:\>HbI:'l>1 
manner, it can lead to ~rosjO!1 and a "piping" ~ype_-'fatture, Many small'dal:rts:,ll.alljj:.:l::ll 
through inade-quate protection -agalnst seepage assocJat-ed with- conduits. 

(Vi) "Other Structut',es: other stf>uttures indude.-, intakes on the upstrearlurn;., • .ti,p; 
dam, c~nstruction diversion comp-rising coffer damSt,' energy djs~tron, tail.r.""'.(Ill,~ 

In certain cases, damage to the structures can lead to conse,quentiaf damage_totl."',dOIii 
endan~r sp,iIlway capacity: -,The risks wfll depend,-'on'::eaeh' situation b~t mustJ,'¢.: 
and prdtected against. 

5.4 Service. of an Engineer 

, Because :of the si~il! and nature of many small dams, and- , ,_ _ , 
dams 'rooiks 'dec,eptively simple and- uses fa,mHiar tcclmotogy. it 1& tempt,ing t<:{ tfit'~; .• 11 ~#' ••• ~ 

. service~ ~f a prafe~sional engineer are not r~ujred, -This 'i~ often a mistake. 
, - . , 

true thatia -signiftcart proportton-of small dams faft, __ hut dtd you ,kno~, ttrh~a~t,;:~~r!~~ 
of dams faU duri9&: their first fiHlng? This generally means the design. c, 

rate o'f:t~e -dam was an aspe~t that, was not understood, 

An expepen«-d daPl engineer carrying out the darn- de~jgtl and SUIP"I'Vi',i~: "'''',':.fl<'st!~ 
is b¥:nefkial- bec~use the structure will be' properly d<rsj.gn~d and built t" curt ... nt1r 
standards; ~Thc c,?st.'of engin.eerfn8,servlces,sh6uld be a 'miMr p~r(;entage:of '.' '" ,,~"" 

',' I,,', , _ , , " 
the wprlq' More- importantly, that ,COS't should be a .very- small pe;rceniage ,of the 
of rec(m~ructing,t~e dam If-it,faits, not to mention, -the, additio~al cost of C<>I"1Pe.~'~; 
the d~~a2:e cau!e~ i by the ,failure. Note ~Iso that r'e.lattvely few engineers 'are: eJ<IPQj'i<;r"" 
dam q~i*n_ andlc:ir Cionstni-ctioo',$upervislon. Make sur.e- ~hat the :prof~!;stdnal .1:~~~ 
you"'sef~~t ,has a sUitable track 'record oLexpcrlenc'e~ ion d~ms of a size, and .­

releya~t ~CI you" including expe'rience wrth ~arth materlaJs fotind in Ethiopia, 

The En~i?-eer shOlifGl hold a ~~tifica'te of c(lmpetenc:-e--pe,rmft issued by the Supel,,!j'i\l)lfJ 
for consultancy serVice relating to Water resouto;'!'$ ,stu'dr, design and supervls-i'or\' • ',c", en .. 

*qdid~~ ~9'l!roffl:ssf?l'\aJ ,engio,eeting: qua.f.ifi<:;atjcms, the'"erigine¢r' ~eed'$ to have;' . -

i. 

Ii. 
iii. > 

iV. 

A 'sound, knowle~ge of rel~v:ant dam 4e-si8n_ pril)c1p!~s '~nd ni"\"'D~1;~!" •. '~ 
safety. c~nomy and dur.ibility; 

.Ana~i>':!¥:i.ti"n of 10<'\1 m~t.Qrologic.1; hy.drofpgJ<al •. n.' d&!'Qlo.JgiiC3.!c;¢>lry91~.R~ 
A'kn¢wledge and understandihg' of(urrent industry practices ;and 't3.ndaf~I~. 
re_sp~'t to dams; and 

A. brpa~- kno~jedg~ of other :-, fru;tors_ Which Iliight -be reh~yant 
'situations, jn-dudi~g kl}owlc.dge t?f !_egaJ, obJi~[iorts _and ".w .•.• r~r'~~'?!rifh 
,p$.e~tiat problems a~ sHtation;, seepage.}~rosiQn, and pollution. 

Th~f~_- ,ar:, ~O,me; fundamental prtnc,iptes :whj,~h shou~d 'be: applre_d .t~ougb _ the, f!\VI'$(i&iIl 

deS!8f:'.i, )~.~n'5trw;tion and commissioning ':stag.es to a.chieve an adeq1.late feve/: of""'f<>~{ 
- pri!1ciPJesj~re:, -



i. the competence and experience of the owner's agents relative to the nature 

and dam hazard category of the dam, must be appropriate in all areas. 

II. there must be a cooperative and trusting relationship between the owner and 

technical advisers, and the designers must be given full control over decision 

making in critical areas. 

iii. the owner must agree to apply the appropriate level of funding for 

investigations, design and construction to reduce the chances of critically 

important issues (particularly related to foundations) being not sufficiently 

well assessed or under protected. 

iv. the designer/technical adviser has a duty not to compromise unduly due to 

financial pressures from the owner, developer or contractor. 

v. continuity of key technical advice should be maintained throughout all stages 

of the dam from development, through design, construction and 

commissioning, to reduce chances of critical points of design philosophy and 

intent being misinterpreted during construction or commissioning. 

5.5 Site Investigations 

Most failures are due to lack of appreciation of how the particular dam site would react to 

the superposition of the dam and reservoir. It is therefore essential that a detailed site 

investigation takes place and the results are appropriately used by engineers. 

In the planning stage possible dam sites will have been chosen from contour maps and aerial 

photography, selected primarily on topography. A narrow gorge is best, hoping for minimum 

quantities in the dam and a valley opening upstream to prOVide the required storage. There 

may be alternative sites along the length of a river and hence further investigation has to be 

done to ascertain the best possible position. 

A wide range of issues needs to be considered. To overlook one or more of them may, In 

particular circumstances prove crucial to the operation and safety of the dam. A checklist 

for site investigation is prOVided in Appendix B. 

Pre.design and design investigations, depending on the situation, will encompass: 

• defining topography 

• defining hydrology, particularly flood characteristics 

• defining geology and site specific foundation conditions and properties 

• determining the properties of construction materials 

• determining seismic and volcanic hazards and earthquake forces 

• 
• 

determining the potential impact and environmental effects 

local knowledge of previous designs in the vicinity 

The degree to which each area of investigation is taken depends on the potential impact, 

scale of project and value of the investment to the owner. However, the importance is 

stressed of undertaking an adequate level of geological and foundation investigation by 

suitably qualified Speciali~ts, working closely with appropriately qualified dam designers. Many 

dam safety i~sues and incidents and also dam failures, are attributable to inadequate 

investigation and/or application of sufficiently well qualified personnel. Even small or low 

hazard dams can have high likelihood of foundation related problems. 
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5.5. I Selecting the Dam Site 

Locating a dam depends on a number of fa(:t<?-fS jndyding: 

• suitabte ya't~y that "'(11.1 catch the most watiO!l';_ 

• /oca.tiQn thf1-t wit! _ma~imiz~ the avalia~le c~~diment area and m.jnjmt~_~' !ll'~' ~1iI,iIl 
the dam; 

,. suitability of the four;1dat-ions and materia~s available at ,the site.; and 

• location of ttie dam t_elative to w.here the water is'to be us'ed 

Each of the above points wm require some degree' of ,compromise to get_ -th:e ~~f~<i 
effecti~e result. There maY,~lso'bc a M.ed to give tbo~gh~'to the visu_al irnp;,ct <>:.'r.',""<!'P 
dam t,;, your neighbour; as they have a right to QPrf::ci'to the structure ttlt_,'. fi~<~:tl 
r~$id~~thiJ 'am~nlty. 

From ~n economic vif';wpoint, a dam sho~rd be locat:edwhere the lar8cst stc)rag~ V.'~h;!'lig 

be captured with :the least -amount of darn body. This is generaHy pos:sfbte 'if - , 

narro\~I-'ft{ith: a S1;~P $ide~5Iop~ and the',sfoPQ :of the valfey-flOQr-wiil pe,rrt)IH,~d.~ 

Th~s~ sites also tend to minimize evaporation k:,S$-et Jrpm the dam. Y-o:u. ~til~pI~"l 
!Ocitl~g the darn where run .. off:from hou~es, dalri~s"-or septic systern~ C2.~l ~oII1"t"tn~~~ 

When,:choosing the location and size, you should a:l-5.o- take into ,account what ,w<.ul'f.f1~fiI 

if the' dam .failed :suddenfy and whether it would result in -loss of Hfe, injury, to "I>' 'e', ,,,",It. 
Uves~k~ 'darliag_~ to houses, buikllngsi' roods, highways or raliroads. -

'5:5.2 "Considerations at Inv~stigation Stag~ 

- 5.,5.2.1" Some Te¢lnical Con,si.deratian 

Site ~t.e(;tiono:~nd, Site invest:lgati'on~ are cr.it!eal components to the su<;ces-s ()r' ft' m~n\·~" 
dam. 'C:onsider the:fotlowing important_ technical aspects in this regard: 

(a) ~~' catchment- is the' area of land from which rUI)..of!'-i~ to be c'ofiected. l(itJ'~~'(1l 
sour<;et ,of_water supply, mak~ sur:m tha,t, it is capabl,(: _of.yleh;ling enpugh N~::~;!~~i~:~' 
both.'d're,upplyin the dam ."d the required r.I •• ""ov"".1I periO<ls Gil in 

catch~el)t_an~a'howev~r should ,net b¢ too· .large, a,s_ it w:ill th:en require: a bi~r.n'L~"1'!' 
ove'rlf<iiw~-:$:yste:m ,(or spiUway). _to safely pass ex-cess_ rtin~off from- heavy . r.j,rlfaQ,,\M'.~ 
overtoPP1i1g thc'_dim. 

The ,d,m: -must have the potential to fill with -lUnafy' (most-years), or $t<>re s",llk,je(lt,,~ 

b:etwe~n runoff. ev.ents that' fiU the' reServoir. It is eMootiat 'that t.h-~-_dam and r."'''''¢Ji''1Ii 
,s~ffideflt: depth and volume to last thrQugh extertded' period~ of d!,~LJght_ 

(0) ti,pogr.phioai f.~tures such as slope, width and height of dam" as ",ell'''I~ ·'e""'" 
" -(:~p~d~: wiH'.i'll~~C1l- constrt.lction costs. '$ite survey'-'w:~I~ .prov}de: -t~~f I~f$ anli'dl:1tl~~ 
; ~hJw:"#r6t>er' <:ai<:tt.lation of the dam siie and materiiti "quahtities riced~dJo:r -the- ",,~~hii1l1 
-ilhd:ti[~J!Tl~~)(:t,tre:'(9st, of the dam. 

"'?(~} ~~\He~ts."r~, £OnQucted to ~'!ilblish 1;t)e xn'teriaJ'properties (~r 1;t)e' • m~~Il;l~",~:j!j 
foundit~ton 31l'd l(\_'~fcj~; -



• A good understanding of local geology - whether the investment. ground in the 

vicinity of the reservoir is suitable for the storage of large volumes of water; 

• Knowledge of the properties of the foundation material beneath the dam. 

Whether it will support the load without excessive deformation, and control 

seepage within acceptable levels; 
• Understanding of the materials from which the dam will be built. Whether they 

have adequate strength. durability and impermeability, and from where they may 
most economically be obtained. 

(d) A good location for a spillway that will effectively handle runoff and minimize erosion. 

(e) Watershed activities that can affect the water quality or quantity of runoff. 

The storage basin must also be impermeable to hold water and where this is not so, 
expensive clay lining may be required. 

5.5.2.2 Environmental Considerations 

Dams with their associated reservoirs can have substantial environmental effects and any 
existing dam or new project must comply with environmental legislation and associated 

licenSing or permit requirements. The Ethiopian EIA guideline has identified issues for 
environmental assessment of dam and reservoir projects. It should be recognized at the 

outset that dam developments have effects extending beyond the immediate confines of the 
dam and inundated areas. For example; 

• Reservoir slope stability, may become a dam safety issue due to the risk of 
overtopping caused by large volumes of reservoir water being displaced by slope 
failures. 

• Siting of the dam/reservoir must take into consideration the local earthquake and 
faulting activity which may cause breaching of the dam 

• Groundwater level changes may affect stability and land use around the reservoir 
margins and possibly adjacent to the downstream river, as a result of changed water 

levels. 

• Trapping of sediments in the reservoir can result in upstream shoaling and loss of 
reservoir storage. 

• Floralfauna effect~ may occur in storage basin, downstream, and in passage around 
and through the dam. 

• Minimum flow maintenance downstream of the dam to ensure the survival of flora 
and fauna, and to reduce causes of stream bed deterioration. 

• Social development/changes to downstream use given the changed flood situation. 

Flora and fauna 

Waterways provide habitat and water to support a wide range of native plants and animals. 
When a dam is built in such areas, these habitats can be lost through inundation and the 
physical barrier the dam poses. 

There are also changes to the flow patterns resulting from dam construction and operation. 
Existing native in stream and riparian (streamside) vegetation can be lost through permanent 
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jn~ndatiot;l or removal as a-'resJlIt of d~m cOnStfUC¥_,?n: The darn site'may be ,a~~;::~;~ 
soak, -and:- drainage-line and may. not flow for- many"- months ,of 'the year. H 

habitats often svpport fjsh, inv,et~-brates. frogs and,birds·that are adapted tn" 

conditions. The effect of dams tn changing flowing W<lter to sta.nding yvatcl' , _ 

local habiiat such that it IS ·no longer suitable fot mos~_-:fl-ora of' ,fau-na fQwnd':a-t. 
site. The ~ajor change~,_,a,!Hnd!Jd~.reduc:e,d flows-_.dowOstream. a rt::ductloj1 In_""" ... 
and,an increase ih water temp(:rature. The .combi-tiati,on Qf these factors often-le.all<t<> 
extinctian:~ of sijch flora and. fauna, Dams constr'uGt~d on waterways -caf:f .>1. iso act:: 

physical ~"rrfer to migratory and loc~Jized move_ments of aqljatic biota. 
Some speCies of native fish need to migrate in- order 1;0 spawn and decolonize. ,.!1>\nY;$p 
will also- move, upstream ,into .intc-rm~ttent st:teaJtls, :Wh~, there is sufficient-fl<>'Y •• t«·.~, 
spawn~ng :habitat:' and food,- If fish" 'passag,e is blO:t,ked 'by ,dams on ,-

evehtuaUy: become extinct,from sections upstream -of th-e:,barriEW. This will al$o h~"¢:"~ 
impacts fctr the species as a Whole due to reduced acc~ss to critical sp'iWtlin:s:!l;~~·. 
habitat. The itnpact of dam as a barrier will OQ~'io~sly vary d'epending' on ' ';, 
waterway it'is bliitt ,on. A dam that -blocks the pa-ssage of a' perma,nently 

I, ' 

be of gre~ter corkern than a d:am on a depression fQ the middle of a paddo_c;k. ' 

greater lr¥dflslc yalues asso¢ia(ed with permanentry: fl~wjng streaml":·u ~T:'hl~e,~:~~:~~~; 
barriers tJ·rrHgr\l~ion is a potentially ,threatening process to flora and fa 
managed tb pre~ent such irnpacts, on flora or faun-a. 

Dams ,on ~aterways will qpt-ure almost aU of the .se,diment carried by water flO'IV, !~ill,i~~1 
,gravel., an~ qrga,hic. matter are :trapped be~ind- the (jam .instead of being <ar'r!ed,(I9~:'f. 
waterway.i'this sCar,ves the waterw~y of-the matet-:ial needed to ,replenish graV~t -, 
the $trea!libed,_ a!~d: renew -floodplain and-estuary ,~otls: :In-,acJ.ditlon,. the maf".~.,,,,"e.'''(:dl 
may requi~e- the' periodic flushing oJ accumulated scxHments to improve water q. ~aj.itY 
,dam, Excess, sediment roput arnt depOSited \illt ,:Gil:fl 'be 'e~hal to fish" fish _'-

-, inve(t~t?ratesl: a~Q" will have_-:eff~CtS: qf smother-ing ,:(:i'itf¢a~ -habitat- such .. sP'W!lit1 
nurserY: grRu~ds and ,foo9,,~oHn:es, For, jnvertellrate:s~ sedirhen~, input will d· ;,."tl>'J"'1Jl 
the areas tit tihe, streambed where they live. Many inverti;lb'rates Hve- =::;"~~':~~~I~~ 
str.eambe~~l 'and _ sediment depOSition fiH~ spaces ootwe:~n rocks leaving" 
availa~e h~bita,t. 

-As' a:condi~orn; th:etJ:!: may_ b~ a, .t~q-uirE}ment-'for the' 'sto--r:ige "dam to· make, ' 
pass -chanrlel- arou~d r,he dam or an; outfet by means _of PtP~ through the stn.tttlire;~' 

-: "all?w pred~ermined_-water flqws -t9 be (ll$;sed down the waterYvay. Your da.:n 

;,~, pe~itted :to ::harvest a cc~in- amOUnt of water d'ependrl'tg .on the flow ~a'~iri1~ii" 
wate'rway: , 

": Th.e ;by~~~~,_ c'~"ah~~I.pr:_ outlet p~,p~ and \I~!ve ~omRrjsing.the o~tI~t- wor.k;s,;;;~';~~;ij 
" sized, t6" suit, the -c'pmpeti-satiori tl6w requirements. Thjs requirement is. to :p 
-"downstr~atn' ~$iif~nd the en-vironme~t. ' 



The outlet pipe has benefits in that it is a means for releasing water from the storage in the 

event of a problem with the dam wall. When the dam is full, a spillway is used to pass excess 

flows. 

5.6 Dam Design 

Many dam designers in Ethiopia make reference to dam design guidelines for small dams 

developed by Continental Consultants under ESRDF. The guideline can serve as a baseline 

for further update and revision. 

A manual for small dams' design is recently prepared by Investment Centre of Food and 

Agricultural Organization (FAO) and is available at FAO's web site. The manual can be used 
for small earth dams no higher than 5 m from streambed to finished crest level. 

Dams have to be designed by professional engineers. There are only a relatively small 
proportion of profeSSional engineers (even among civil engineers) who have experience in 
dam design or construction. It may be tempting to select a 'general practitioner' consulting 

engineer because of their proximity or cost, but you are aiming here to guard against 
possible costs far greater than the consultant's fees. 

Dams which are larger in size and potentially hazardous require a range of specialist 
disciplines, applying industry accepted state of the art analysis and design procedures, and 

involve considerable effort in identifying the most cost effective design. It is important to 
translate designs into dearly understood construction specifications and drawings, backed by 

an appropriately extensive design report which records all design data, philosophy and 
assumptions, and defines areas requiring re~evaluatjon or confirmation during construction. 
The design must be buildable. A check sheet is provided in Appendix C to gUide review of a 
dam design. 

5.6.1 Embankment dams Design 

When considering embankment design, there are several variables and elements that have to 
be specified. 

• Crest width 
• Side slopes 
• Earth cuts 

• Impervious core 

• Seepage control 
• Wave protection 
• Freeboard 
• Embankment vegetation, and 
• Allowance for settlement 

The design has to ensure, 

a) It is impermeable enough to prevent excessive loss of water from the reservoir. 
b) The design must ensure stable slopes. 
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c) 

d) 

0) 

Settlement, of the dam, must not be excessrve.--so: as co reduce the fr.,eb9l\1'dc;"n 
dam. 

The upstream slope of the dam must -be prot-ected from the de"rtlcti'"" ."tl6J 

waves, and the downstream slope must withstand rainfall erosion, 

A sufficiem bond betwee'n the- embankment a'nd its- foundation must 0';"'''' 
the development of se'~page paths; excess,ive'- hYdrostrttic uplift must ~ c~,ntt'''~ 
proper drainage, 

The singie most common c;~u:s:e- ,of earth~n -dam faii!Jrras- is oi~rtoppiflg of the '<IIr'Qitil 
An undersized s!pillway, witl Jead- to overtopping; 'merefq.re. spillway design ",cri~ 

re$ervoi(s, The ~piJlvyay ~ust b-e located such that_di'S('ha~ge wm not erod'e or ',",,<1,,1i):l 
th'e toe of the· darn. If the batiks of the spHlway are mad~ of erosive mat.,'ia!, pr'q,i,i"n,m 

be made: for their protection. C:pnsideriltion mq.st'; b,,;!' given to the hazard tq rollti,,'fi1\i 
potential" proper?,"_ dafrtage that may result from the ~Hure of the dam or' • "ri~;~~ 
ra[.~ through tf)e spillway. Further consideration must be given to the, 
dow~stream deV~I9Pment that may result tn a.n etevation pf the hazard dassil,c"tjon, 

'5:6-.2 Conct'£;t~ "Gravity -Darn D,eslgn 

The mator c:onc_ep~s and criteria in designing a concrete gravity, dam are that Ittl.,'tp.b~;. 

• 

• 
• 

Safe against overturning ;;l.t any -horizontal plane Within the dam. 
. . . 

Saf~ agaiO$t sliding at. any' horizorttaL pla-i:::e,wt.thin the dam, 
,So prpportloned that the- aH6wabte. ,stresses: -In, b-otk the 

foun:d~tion shaH not .be -excee~ed. 

, T ~o o't:~¢r fast~rs directly Mfe~,t th_~, cie,sigp, of a datr,l. the_ intensity of , ' 

,: Varlo!"is ,'p6il'lt-S within or under the dam and'the area upon which _pressure- acts,_, 

to: pe' .chec~ed for stability under this hydr-ostatic p,ressurc dtst~tbution 01'}, th"'.p,1$ 
'dcal!,;>g~ (s provld<><i (or all drainage j, blocked), It is. important to expend em>n·on'tr 
00 a qrainage, ~ystem to ens_ure_ s,a:tisfa,ctory functlon-,.QVer 'thc,C'-'ltire .life of. the 'dam:" 

Large Oarthq(J~kes! storm/flood acti"fity and failure of- upstream dams can be 

e~tr~me 'events, The risk of failure: from -th~se _events is minimized by using 

d~sign stan~:h':rds and'relevant gu-rdeJj~es inc.orporating ade-quate.~margin$ Qf-safe~y. ': 

Emei.ge~c¥_ pr+a~ness set- up, ¥leI~ :!n 'ad~rice is the ,only :avail~ble measUre of rr. '.dtl.cln~· •. ~ 
imp,act:when a jdatrt:failure i~ about t¢: h~ppen. 
5 .• ;4 ,Sqdim~llt .. tl<'" 

i 

T~e ,effecttye-)~e _¢f many of sm~lI da-r:ns is-, ~duced hi excessive sii~rjO:'i 7"' som~ ~.l n'l'9ll 
. sHt 'up ,after o~ly a few ye~(s. Ttus:·i.~~ue :,s poorly'covered in: the: many slnalt 
m~~~I~ ,th,at '~;.~ 'avaHabJ-e; as th~~ -mOf~Y focus on '-the CMf'_: engineering,· 'les!8l't') 
oonS:trUc~o'1-4~Pec,~1 

-: 

1H';'hyprologl~~1 kj~ul.tion' needed ti>.s~p~~rt the d •. ,ign Q( Sr\1ali dam. ,nor'i",';';·li 
,fu(~.re siltatio:n,1are"Qften either too:s.rmPliStic; ,or o~ th~- othe~ han4,too 'c,·omipl"l\;.tlit; 

19jP.agC' 



dependent on data to be of use to small dam designers. The gUideline developed by DFID 

and HR Wallingford can be used in the absence of local references. The gUideline contains 

appropriate methods for predicting, and where possible reducing, siltation rates in small 

dams in semi~arid zones in Eastern and Southern Africa. 

6 Construction of a Dam 

The quality of construction is all-important to dam safety. The dam components will not 

have the level of safety targeted or adopted by the designer if construction materials or 

worktnanship do not equal or exceed the design specifications. 

As far as construction is concerned, the following requirements are necessary from the dam 

safety viewpoint: 

• the contractors must be sUitably experienced and committed to achieving the 

standards of work specified 

• the level of supervision of the works, quality assurance procedures and designer 

continuity, must be appropriate to the scale and complexity of the dam. 

• the owner must recognize that inherent uncertainties may remain after design 

investigations and only be revealed during construction, and have funding in place 

to deal with costs arising from additional requirements identified during 

construction 

• any area identified in the design process as requiring confirmation by the designer 

during construction, must be totally under the designer's control, and no design 

change, however small, shall be made without the deSigner's review and formal 

approval 

• a SUitably detailed design report and draWings showing the as-built structure of all 

components of the dam and foundation shall be developed as an on-going and 

integral part of the construction supervision process, and be prepared after 

completion of each component so that there is a reliable record to refer to at all 

times in the future 

6.1 Selecting a Contractor 

Beware of the 'bargain price' in dam construction! 

The use of inexperienced contractors and/or inadequate supervision can develop into an 

expensive liability. Nothing can take the place of a reputable contractor, using appropriate 

equipment and experienced machine operators and working under supervision of an 

experienced engineer. 

Check the standard of previous work and ask if they have done any work under the 

supervision of an engineer experienced in dams. Check out any references given! 

6.2 Construction Supervision 

Construction supervision is an important phase of dam construction. Supervision is meant to 
ensure that the design factors and specification requirements have actually been included in 



the final product. Note that the .• xpertise's of the des,snel: .ndthe Co"s.tr'"~t*,r;.~~.~ 
different; mere are many subtLe but important desjgrl'isSues. eV,en with- smaH da!'i!S'."""N~'f 
easily be undertrlined by ,the c(')nstru~tion prQce~s btlt 'which are not apli>;;,'~ot~~;; 
untra'ined :observer, yet -have potential to cause costiy faUllr'e,_ 

If foundatjon preparatl?n, material selection, outlet/spillway installation al'jd: <lnibanj<iI)' 
compaction are not properly carried out the.n the, ,~afe:ty G.f the dam wHi be, cOlnll''''''' 
is toqtfly unwise ,to attempt to construct a darn -wi_th'o'ut having an aplpr('pr.l.t,.~p~'il 
and 'plan iJJ the contra'ct. Not 'ohly do the spe~_i~c,~t~ons an,d plans -fawn a C .. ' ?~ 1l"iK"~ 
instructions for the Cqottactor to follow, bot in' the',event of things gOin~ wtQn:g,.1 

dl1ring construcr:i9n or, ,aft~ar'ds,. ther4 witl. be. I~9, ~~cord as t9 wh,~tt ~:r':~~:t 
co~,struc;tion should h~v~:been. thus making it ~xt:'eedfngtY difficult for the 0 

the ~rsoh responsible fot his'foss in the event of-a: leg,a! argument" 

Remember even the best contractor might be tempteq, to take an' o~cas'lo''''ls.h<~"t!~, 
absence ~f 'good, supervision, "Yitnout recog~i.zing. t~e p"t:entl·af ,technical' CQJ"s,E,q,,~r.;~;) 
the -periormanee an¢/or;,safety.-Ofthe darn. 

6.3C~nstr\lcti<;ln·ClfE"'''''!lkm''nt da.ms 

6.3. f Darn FCIJndation 

All topsoJi (th-e upper layer cQot.ainil1-g 1m)' or~arlkm.a~r su.ch as'~rass or :. , " 
fine) and, Y.egetati,on mUSt he'strq,ped from t.he area:wh$'e".the em,bankrnent 'is .' ' 
an~ p~t t~ ?oe si.d~. Tm'S m~r{aI should !1'?t,be' OlQ<~d 'Vitti the dayey mata".i.1tl'. 
for the bank, 

.Mixin,g topsoil .with·',the ,~ank material· to save costs or ~use of convenience' 

trouble! the org<tni<: matter in ·the topsoil wi'U decay '10', due t.outse .. causing le.k"i:".!i'l 
develop lat~r. anq -.. h')ay :e'len Ie_ad to' dlffi~ultY -'In '~htaining. ade.quate i'l nperrrie"bi.llltyCl.t1' 
embankm/llot in 'the ~short term. ' , 

A core (cut .. off), trench ::shoukf be exa"vatl'ld along the ,centerline of the. 

·good ,prote<'tjon~jnst uodor-bank leaka&" The c.ul;>-offtreoch should .'lXt.tJd.t!)e@1r~ 
of the bank it'ld~dh:'ig up, the' abutments. It must be Wide enough to' aitOWN·~t~h:e,~·~~~~~~ 

, .eqtJ~pment; ·to ach,i~~e the requir~d standard of c6mR~~tiom'its depth wiU d ' 
" , "conditionS.. 

1n: mO$~' cases, 'it~ j~ }iQe dffftCult· to flhd' 'stt!ta~le" fO:uRda~jon materials reJ~tively' , ',,"~~""""" 
'.$u:tia'~~. if 1,H1$uj~bJ~"upPM' s,olis !lndu9tnz .toPsqil} ~e>fir:~tx-emoved. the 
, m~~t, ~e s~fficietl'~IY'~'$I~\~Pd ffi)perm~t~;':anio 'm~st'~x~nd··to $uffi(:!~nt " 

stQ,rag'e ,b'eoirid ~e ,'dam: to b~', retaln¢d wkliollt slgriJ6C3J)t feakage, but a:iso, to' ' 

':appre~abl~ ~ej;tl~thent of the c,(ms:t:ru~~¢d e~p;!nkn:Jent; -In, some l~eati()nsf tlp,p'er ~,~illi,\il~(~ 
"'.'1 . topsoU, are:, ~oft, ;w~ 01-1 con~in"gra~tif-~(:, c:u:her '~Iu$ion~,·(such 'as; . , ' 

which 'can:: f~rm ~ le~@:e path. This is, one :of ;the reasons for re.,ornm''1')ding th".i'l(~"; 
",:' a .¢utoi()(f t~flch pelow 1;he: embankmenF; no.~a~ter,h9~·l.1ow.,'S:o th~t . . , "" 

", laxers bet~ ·the ;emb3~krh~rtt c.an.,pe' 'fhec;kc;d~out .trefo:~ construct!?"' of' the """b)l~1!J~ 
'~'~ins: 



6.3.2 Embankment Materials and Construction 

6.3.2.1 Selection of Materials 

Most dam walls are constructed of earth materials. While construction of dams has to be 
practical, and is limited by available materials within economical distance, selection of 

appropriate materials is vital for dam safety and performance. 

This applies not only to the materials used in the embankment, but also materials on which it 

is founded as noted above. 

Figure 6.1 Typical embankment slips resulting from construction or material defects 

The embankment must be capable of securely retaining water. This is generally done by (a) 
ensuring that the materials for the embankment contain sufficient clay, and (b) ensuring that 

the materials are adequately compacted. 

Small dams tend to be built from a whole range of soil types from sand to the stickiest of 
black clays. Each general soil type has its own characteristics and problems. which must be 

considered when designing the dam. 

Soils most susceptible to problems are: 

• Dispersive clays which are those that will disintegrate spontaneously in the 
presence of water. They are very common in arid climates and their presence can 
be suspected if water in local dams and streams normally has a muddy 

appearance. They may be free of problems during construction of an 
embankment. but problematical when the dam is filled or filling. 

• High plasticity clays suffer from swelling and shrinkage causing cracking problems. 

• 

Water can escape through the cracks and erode the embankment. These soils are 
also difficult to compact Without leaving voids internally. 
Low clay content material that does not have sufficient clay to provide strength 
and impermeability. 

Use of any of these materials can result in leakage that may lead to piping or tunnel erosion 
(ie. the removal of soil unseen within the dam embankment while surface soils remain 
intact). If such erosion is unchecked. this will lead to rapid failure; it usually becomes 
apparent as surface leakage only when the internal erosion has already well progressed. 
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6.3.2.2 Placement of 8ar-th Materia}s, 

Embankment material placement should be done in, hQriz\mta! Jayers of unifo.rmtljl,,j, 
Goo,!" conwaction requires' that ca<;:h new, layer, [S- bonde-d, Qnto the pr'''''~''I' 
achieve the best re~ults the material must be placed,'with suffkie.nt moim,re 
pliable just 'b-efo;e becoming 'crumbly arrd not s6, wet th~_t -It stains the hands' 

compaction, 'The optimum" mq,f.sture content for ,compaction is normally d"i~M",j~ 
laboratory testing. 

6.3,2,3 Compaction of Earth Material.s 

The materials in the embankment must not onIY-'j:ontain_,s-uffident day, they ,." ~v'''iit$~'i 
adequately co'mpal:;.ted with each compacted layer h::mded to the one underryeath, 

rnad~quate compaction can_result from: 

e The ,use-of material which is too- \(Iret <'WtOO qry-{the ,at,;t;:~ptab1e' m,tl-giinajir,!fi 
smal!), Note that it -is generaUy ,easter to:.cpm.pa~t ,~-nd handle rw~''i\iI j 
little ~!ow its- standard -opd,mum 'mo.i$tetre:t~ntt:nt;-ar~(H:ha,t ./ •. '~.! ~!)1", 

with embankmentS- for othar purposes :_s\l~h, a~" roads-, -but the,'· ~~:~i~~ 
doing so is a'marki;ld increase in thl!-,-!eakag.e';,}>ot-eotial, of the ".f] 
nence_itJs nct. appropriate fdr danls; .. or, , -

., The use of tracked plant rather than- cq:mpatti90 rollers ~.,'igr,,,d.if,,'.tj~1)) 
and knea;ding the -soillay~s iinto ea~h' Qtli:~r is: idsing, for "«>lIt,le. .VI!l1i"'! 
'of inadequately compacted mat~riaJ in a bank -can result in ,e,ep'tgl! 
faitu?e'. :rt is very t~_ri1Pt.ing,_ and very con'lln,on" to ~se tracked 
-because it is available 'a!)d, is mu,c.h Je~s costJY.','but _~in, this 'is inviti,!&ltf 
Remember that tracked- ptant 'has' tracks ion -orde'r to 'ke4p the_ COintlle(pt! 
lo.Jt (fur example. to cross -soft g~ound},' whcl~eas what is ,"<,ui,·""·lo" 
comp~c:ti,on IS a _cotnbinatipl1 of much I:ligh~r- contact D""'UrE'S .nd' aI)i 
perleu:.t,~ ,Ia,yers and .knea,J:! them to cn_sUf~' go'oct _bQnding and ~. liminat!il~~ 
paths, -Proper compa-ctioFf pla'nt is deS-ign~d, to do thes~ things . 

. 6.3.2.4 Rocklill material> 

T~equal,!~y o(~h. ;rCick is. majod,ctot i!l. the choie.ola rockfiH dam and lin.t;~··<iEI!!il 
i&¢ .. ~r~~,t~re'. ,E~sive test:ihg is ne,e5sary,to judge, ,wheih~f' the rock ./s s,"",IlW 
constrtJctJon, 
'- , ' "" , . 

. Q",-,"ryi~ "Tn' .co't of drilling .ndal.sting, con.s*uleS a large part "I the· "'nit I>C''''' '-, rdddlll;: :'- .' ,- , , -' 

i\<>l'k:QJJ!'abijil¥ - Th"r~ i,noMtirely!atlsfupi>ryt¥ttodeter/TiiM:'fui'aliiifity .0" Ffl..:K.' 
_c¢t'l:turi~-~~::~n~t ~e:~'_:gpod ,udgments has :to 'pe!_u$e,d~ E~~rnirijng _oh:l structures '".,'."'''' 

; •. ·.iidbri~PiersWilt<>( th" same matorial is helpful. . '.' .. 

;,6,3',4.5 . -P1~cemetlC of ;'rocks 
t;l~~tl:l\o~kfi!1 - ~h~ main bo.dy qffl~ is pl"qed l>ydumping, Tho initial part of'ihe 

, __ dUr,nP~:K(:,f~om:- cJ.r\:~~~lI c~ane~,_ cable~ys. or; fron" ,raflJPs on the ~.I b.,"n'''''!l:o/fc 
... 'mOurl):i9t .bank .. Th~ t.maind~rof th,~ .. fill i~!l~l1lp.4. from .;he lOP Dr thl' IT·loU.'¥l,,;14 

t~ r4ekto fajldo\V~'th. s'''ping surface. the~<bml>in~deffeet of sliding. wn"I>linll',~fJ~", 
'n I p'h g'(:' 



cause the pieces to become tightly wedged together. Not more than 15% fines should be in 

the dumped rockfiU, since they prevent good compaction and make drainage of water 

difficult. 

Rolled Rockfill - if the rock is soft and breaks readily into pieces less than a third of a cubic 

metre, a rolled rockfill can be used. It is placed in layers and then rolled by heavy rubber 

tyred rollers and heavy vibrating rollers. Four to eight passes are required for compaction. 

Reshaping the Fill - the dumped rockfill assumes side slopes of the angle of repose. If a flatter 

slope is required it can be formed by introducing horizontal berms as required. 

6.3.2.6 Decked rockfills 

The membrane used to deck the rockfill may be a thick blanket or core of earth or a thin 

diaphragm or deck of wood, concrete, steel, asphalt. dry rubble masonry or stone masonry. 

Cement concrete face has a very long life, it is an obvious watertight membrane on rockfill 

dams. The facing can be tied to the dam in two ways, either poured directly onto the rubble 

transition zone. A mortar bed is initially placed which penetrates into the rubble a few 

centimeters. This is immediately covered with the concrete to form a monolithic mass which 

extends into the rubble and is thus bonded to the dam. Or, ribs are placed in the bottom of 

the slab by forcing grooves in the facing. The ribbed support, however, is unnecessary if the 

bonding with the backing is effective. 

63.3 Outlet Pipes or Str'uctUYCS in Embankment 

Outlet pipes under the dam wall are used for the controlled release of water from the dam. 

If not properly installed, they can readily provide a path for leakage from the dam, resulting 

in failure of the embankment and uncontrolled release of water. 

Proper installation requires the backfilling and compaction to be carried out with extreme 

care. Using cut-off 'collars' at intervals along pipes passing under a bank can reduce the 

possibility of leakage. However, special care is required to ensure adequate compaction in 

these areas, and this may require the use of special small equipment. 

Outlet pipes or other works should be placed in original ground rather than in the 

embankment. As far as possible, the location of such structures in the embankment itself 

should be avoided. It is likely that they will be damaged during construction of the 

embankment and/or when any settlement occurs, but such damage will be unseen. Because 

of difficulties with compacting backfill properly around an outlet pipe it is better to backfill 

with concrete. Never use sand or other granular material as pipe backfill or bedding. 

Ideally, steel pipe with cement mortar lining and backfilled with concrete should be used. 

Unlined steel pipe can corrode and pcnorate within 20 years and lead to internal erosion of 
the embankment or abutment and result in dam failure. The use of concrete cut-off collars 

and an upstream guard valve is considered to be highly desirable, but such features 

themselves create an additional need for special care and attention to detail in both design 
and implementation. 
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6.3.4 ,Spillways 

When ~electjng a site for the construction of a spillWay, care should be taKC<)n t;O':<;I!»~ 
are;t where there has been no previous ,disturban¢:e-' of the, natural grol,Jnd~ , hee:u.,,,,,: 
n,ear one of the dam's 'abutOlMts., However, spHlways- ,ShQ-ufd,-'be 'confin'ed-,t6I"':Mi#Oicl 
of the embankment so that no 'flow is likely to g:~ ort,~' cirid'dk1mage the dati; " 

There, are many ,problems that can develop depending- on the type of s, ptU"'>!!,,,i 
materials it' is ,constru6ted-fr~rn. 1f the s'pfilway devefdps -pr,obfems wh.icii-go, 
embankment may be endangered. 

Note: you should ~~gula-dy inspect and maintain th~ spdl\vay-" If uncertain abQ'ut_"·i~~\i¢.j 
probterri l an -engfne~r shovld be _Cof)suj~ed: 

6.4 Concrete dam construction 

6.4.1 Foundation 

A concre¥eigt,avtt,fdam jnt~ri,qed to be -constructed,a¢f-oss a river -";llfey woutd, 1>. St" ~!l:r, 
on ,th~ hard rock fourtdation" befow the normal rivef'---oye~t>ur'den which a"''.'i$~' 

o : i,;, , ',_ _ ;, - , ;; __ ,' '" ' 
IOQs:e: roq\G 'and:J}Co-u1ders, -Ho:wever :!It any foundanon,JeveJ' the' hard rock f,( "'t\<ijtl.<>I 
iTIay nQt~'fay.b~:,(on\pl.tl!Iy satisfactory all alo, ,ng',' th~,prOP',.edf"un!datjon"~t,"I~ 
are~; ;sih~ h)CaI,y'; ,Ulera may, be_ cracks and joints. ,thc~'e_ (calle<! 'elVl,,,i) 1), 
With:' p~~r ~ q\>.laif~', crushed- rock. Hence before' the' con:e:reting takes "">c" 

_ foundauop ~rea t$ checked and: in most cases strengttleri,ed-'artiflciaJfy sl,!ch 
: sustain ;th~o ,()ads"that -.woutd"lle --tmpos'ed by the dam',and the"re,~er!;'oir ,¥Vater,:' a'llif'~;~ 

Qf w~ter $~.pi{lg :j:nto the-found~tlons unde~ pressure. {rom the reservoir. ' . . ' , ,'-

Improve""'nt of the foundation for a darn milY be l!lfeCledby the following maio'r' """,iii'·: 
, , " ' 

• ¢Xta~~-ion of ~e:ams of clec;ayed or weakroc:,k an(j' backfiUing with ccln<rr.~.,. > 
• i' '~j(cav~tiot1, 9f WMk !,,'dek zones bacl:<fitling_' the entire ex_tavat~~d'~-'·i'-,("gl~~n:::I~ 

con-crete. 
• 1 Excava-ti:On for and makjng a sUQterran£;ap co-n,crete_',cutoff w.II"'<:1~s.,j~ 

: 46ann~is: in, the ~m, foundation' where 'the 'WOer6 t~, water .th"ri~~~ llt 
:: j~rge or '-t~b wt':!tfot -~(flirig, or gro\.lting 

• , ;" Gtou~~~ thE:! faun,dati_:on to j-ncrease its ,s~~en.~' ~nd to, r~nder it inJF,er~?il$;,,'" 

',Wh-ci\;,a ~o:ncret~--"gfaviW dam is constructed of mass concrete, ,i't, un,j.r,o,,. 
, "h.~liis '1jd1tlm~: ~ue to the releilS" of ,heat o( hy<l",tion by th~ cor, ",~.te . .A 

:-:-ili~ 't~~~r:e' ¢~, mass <:*n~'~e tak~s pfac¢':Quririg":ih~: 'Pnas~ when ::the <o,\crete 
, ',--pl~de-:,~~-,~and,,;fm~~rgOes ha,rdBtiirig. After hardetring",me (ol'cnite gr.adualf~ -<\' "$;' I)IO\li 
, :-'e~~f ;Qf-' ~rirtOl;p'b~tit temperature, whi~h tends, 'to' ,subject the c,Qntre~ 
·:-~tr~s~~ :Gt,iGkll1{O~';:U~' If!' thEi,'concrete When, tf\'e~e--ten51Ie srres'ses' ex(:ej)d: 

,'c_ -I' " ' _' ,,'_, ',_ 

,,-~reng~h '4>(" the ~qnc.rElte, This cracking is un<ie,sirable as it ,.affects the 
, gu~abHi9' ; _a:n~ aAA,earan<:e of bydraulic struCtures. ,Hence, ma~hods 
d!:l:n-petat4re'rlse ~\;Iring'dam construction are absoliJtefyessential. 
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Most commonly used methods are pre cooling, post cooling and reducing heat of hydration 
by proper mix design. The ideal condition would be simply to place the concrete at stable 

temperature of dam and heat of hydration removed, as it is generated, so that temperature 
of concrete is not allowed to rise above stable temperature. However this is not possible to 
achieve practically. Therefore, the most practical method is to pre cool concrete so as to 
restrain the net temperature rise to acceptable levels. 

6.4.3 Aggregate production 

Huge quantities of aggregate would be required for the construction of a massive structure 

like a concrete gravity dam. The acceptability of the natural aggregate is to be judged upon 
the physical and the chemical properties of the material and the accessibility, proximity to 
site and economic workability of the deposit. A suitable quarry has to be identified in the 

neighbourhood that Can supply continuous source of aggregates. 

6.4.4 Concrete production and handling 

Standard practice is for materials to be batched by weight. The procedure to be adopted for 
moving concrete from the mixers on to the dam will be governed by site conditions. Having 
produced a good placable concrete, the problem is to transport it to the dam site with the 

least possible segregation or change in consistency, so that it may be compacted uniformly 
into the dam without reasonable effort. Nowadays a cableway laid across the dam valley is 
often used with buckets of large capacity. At many construction sites concrete is placed 
using chutes or even a belt conveyor. It is recommended that concrete shaH have to be 

placed in position within 30 minutes of its removal from the mixer. 

6.4.5 Concrete placing, consolidation and curing 

For laying concrete over the rock foundations, it has to be ensured that the surface is dean 
and free from mud, dirt, oil, organic deposits, or other foreign material which may prevent a 

tight bond between rock and concrete. In case of earth or shale foundations all soft or loose 
mud and surface debris shall have to be scrapped and removed, A layer of concrete (lift) that 

is laid is generally kept as 1.5 m, in a view to ease construction and limit excessive 
temperature rise. The concrete of subsequent lifts has to be placed after allowing sufficient 
time for the previously laid concrete to cool and attain its initial set and become hard. Once 

a lift is cast it is thoroughly compacted with vibrators. 

Curing of concrete is important but a difficult task for the construction engineer. Primarily it 
is necessary to maintain satisfactory moisture content in the hardening concrete. This may 

be achieved either by the application of water (usually from sprinklers or perforated hoses) 
or by prevention of loss of water (by application of some membrane to the surface). 

6.5 Commissioning 

Commissioning the dam provides the first test of the design and construction and may not 
be fully completed for some time due to the time required to fill the reservoir, establish 
stable seepage conditions and provide a flood which realistically tests spillway performance. 
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Experience has shown that 'inherent safety j)tobt~ms are often dil$d<?'11~,;.·, 

commissioning and the initial year or so of futl operation. Strategies Whh;i~C~h,~;~~~ 
opportunity-to monitor p~'rformance, against e~p¢(:ia,ti:o;~~ -are: th~refore Ci 

from the dam safety viewpoint. 

Cartying out the commlsskJ-ning_ of -the darn arid' .,respecdve ~o,mponef1ts is {,mp"!"ta!.\I! 
the'responsible Designer ts -a6~, to- certify tQ the::,owil~r tnn:t the'-dam can 6&'c<>r\$l~~'~ 
operational. 

7 Safety SurvEliHance 

1.1 Purpose of Regular·ln$pEi1:tion 

Th,e *urpose, of a dam- safe:ty--$~rvelltance p-r-ogram l~_ t¢>,a.void faiture of [h"Ili~\lil~ii 
early ;waming, of any krnd of ~;pt?rn of trouble a~ -early as posslble. 
failure, whkh can -often be a¥oid~d bY. 'effecti,v-e sUFYe,i,Uance and maintenance ,P">8:!'~fI1'$,'jI 

seep.gelleakage 

• sHps/sHd(!$ 
.. erps'ion 
,. : ct"1\cking 

'. : ni~vementldefom,l;t.ti,¢n of,emliankment 

• ; str'uctura! ~efe~ts ( o-utlet"pjp~s; spillway) 

• spUlway or outlet btockag~,. 

Safety ,surveillance of a <:lam is a _prQg-r-.am of regu;l;tr-NI.$-,ual inspection,' , 
and. t¢c~njqu¢s, It is' the most, e'conomlca! and, effectiv~- m-ean~ an 0\6iner' ~' -, 

the.ldftg-:ti$!i"tti safety and,survj~aJ of the, dam. Its primary-,purpose IS t~ me,nh:OftKe::c, 
and~ A~rfci'm~nte ,~f the dam _'and Irs ,slirrouhdi~~",paftiC'ula-rIY any, _<:hanges_ ilia'':/< 
occutrtng .. !,:otentially problematic tr~nd$ ca~ -thereby-,_be"spp.tte_~ 'earty and· F 'r¢X14¢'ai~!i!l 
w-;tfnl~ \,( ~eir' development- so th'~t' tf~ely mafntenan~e' can ,be ,i:~rried 
alway~" 'theck: 'the' -water level and: spHlway flow' pe,rrormance for: any un'",ual. 
S6meUrTfes it,~s an 'advantage (6 use: an engineer; expe6enced with:'! dams,' Th&·"",." 

.. .fa01ili.a,~ "wITi(p.r:ob-l~ms <)'J~d cqn, 'proyitk' bi!.tt,ter $ec;utitt __ aga,lost legal i);ction Intltl''''«>r~i~ 
-dam lfa~lerY! iin,p,llc't+ng_on oi:.l;)ers. " ' .-- ' 

7.2 Inspaction Pro"""l:Iures ",,<it MethodS 

,:'~ The ,piio(edure "for dam safety stirveill~l'l¢e is unjq~~' to' 'P¥h darn bu~ '~onsfsti:, 
. , regul~l", C;IQ~~ :?ri4 $J'stef1i-,t~c ex!1miJ)4,~.on of the en~lre ,surface of the'::dam an'dilcs 

" ~'J.trr~~f'~if185. :S\.1cn p~oc-edlJres- are ;:dh~adr:n'ormatpra-ctlce '111 th~ ca'se; of ,., ,r&.HI''''$. 

,Iii cl;!~. cast!! of .small dam.s, however,' ~spccfaHy tho~,e, dath$, wher~ OWners 
approi:itj~te' advtce;-there may be' a perception that -<i.b.ove procedures:~re um1e(:~',;a!y".!> 

': , 'tlnpr,9~~dy~ 'us~::~f ~ime. There may' ~Iso,b~,'~' lack 6f kliowl!:idg¢ ofwh~t n~I::!;:~'~'~ 
.HQ'¥\;~~-c-r, ,lor '~tli~l-q~ms, su_rveilJan(:e' prog~ams tih_:usuaHy~ be devi$~ which 

--'::---- '-syste~~.g'c_·i.afid;'ef!fettiV·e. -
I ' , 



A safety surveillance inspection includes taking appropriate measurements and keeping 

concise accurate records of observations made. Particular techniques and equipment that 

might be used are outlined in Appendix E. For small dams it is prudent to obtain 

professional engineering advice to set up the program first, using a simple set of check sheets 

to record observations. They are just as sensible - in fact much more so, given the potential 

for costs to you if it fails- as having your car checked and serviced regularly, even though you 

do not think the car is about to give up on you yet! These procedures form part of a dam 

safety management program and are intended to catch problems early and enable action to 

be taken to prevent them developing further once detected. 

7.3 Frequency of Inspections 

The frequency of inspection required for an effective program of surveillance depends on a 

variety of factors including: 

• Size or capacity of the dam; 

• Condition of the dam; and 

• Potential for damage resulting from failure of the dam (represented by the hazard 

category). 

Adoption of the inspection frequency for a particular dam is the responsibility of the owner, 

though professional advice should be sought for large dams or those categorized under 

significant and high hazard dams. As a gUide, Table 7.1 gives suggested frequenCies for a two­

level surveillance program adopted from gUidelines for managing small dams in Rwanda. The 

higher level would comprise a full inspection using the relevant equipment and techniques 

outlined in Appendix E. The second level is envisaged as a more frequent quick visual 

inspect.ion aimed at detection of unusual changes during the period between thorough 

examinations. 

Table 7.1 Suggested inspection frequencies quick visual inspection and comprehensive 
examination 

Quick Visual Inspection 4 
Dam Hazard I Dams equal --:Cto::--'o:C,"\ rD"a-=m:C,-C:C,m=aiClle=-=rC--:;th"aC:n"I'5'i'S"mcca"I'--1 dams less thanl 

I Potential i higher than 15 meLers meters i megalitcr 
i classification 

High 

Significant 

daily 

twice weekly 

twice weekly 

: weekly 

! Lo;,v- ------------,;-w"CeCe"kCiICCy------'1 Tfortnlghtly 

~omprehenSive Examination 

Dam - Hazard fOams equal to or: Dams smaller 

I 
Potential i higher than 15 meters meters 

, classification 

, ------+cc:~~------1-=c:::c I H-igh'-- weekly monthly 

r Significant monthly 3-monthly 

381>--'ig~' 

'
I 

-- -_ ... - ~ 

weekly I 

,c=---·~ 
fortnightly J 

! monthly 

than 15! Small dams less than 
: mcgaliter 

3-monthly 

twice-yearly 



~," -" 

-r;,-

7.4 Special Inspections 

Spe,cial i~pec~icins wilt- be reqtffred -after unusual -eVent~Lsuch as earth,quakl"im!~~lf~ 
rapid dr.awdown ,or voJJ;ani:c activity. Special inspef;uons should en~ble the"lM~.!~ 
become aware of faults before partial or tow. )~Uure occurs. Time·s Wllen . .Jn.p.\j 

additional to ,those aboY,e ar~ rtKommenqed are: 

• before, a pr~dicted- major rainstorm (che~:.k" embarrkment, 
pipe), 

• duflng .and after sev-er~ rainstorms (chetkerrtb.ankment,. spillway and.,,,,,I'; 

• after a~y earthqyake~- wheth~( directly fett on_-!h~ ownet"s -prQ~' !.,r'j,ulI> 
by local news media (check .Haspects ofthe dam), 

tnspections'should be made during and afte:r constfu:c~lon- and also during and ini~'iI~ 
after -the first fHling of the stor~c. 

7.5 P'laliog )lll'ith Proplerns 

A '~ysoomatj,. progr;lm of safety surXEl1l1ance should" m3Xlmrze. the li'kellih'1"l'I~ 

dev~tb¥if'lg ~dhdjtions likely't~-_cause faHure "vYouid-~,fO{lnd 't:lefcre it Is·too." ",e, .~" 
wilt also h~p 'early' d-etectlon of _problems bef~l"e' t;hey become major re[",;r 

identified "tlier. typical prohl.",s (m.nyof which aretre.",bl. if found e'.1-11~IlI;ui~)::~ 
most likely to fall into one of the following categories: seepagelteakage; er,o$1'~n; ci'a~~ 
defol"t11iatiQI')!n;oyeme;nt; con'cret'e structut.e de-fects_~.~nd spUlway bl_oc.kage. 

The_ JolIOWing chaPter outIin~s spme of th~ _s!mpl~ In-aint~mance activities~ wliiG1~'j"'i 
carriedr out."tO prevent or re:r:.nedy potentially &1f'!¢fOUS (:onciitions -in enlb'IfI!l'rr'I~' i,itf<l, 
AJ>pen'4tx 0 listS in ,more Clet.TI tho problems that inighCD.revealed bya s.I'.",,"'" 
program. It ~Jso 9q~-ines theJr'possfble causes, cons~qq:etl'ce$'and posslbic re.metll.,faitti.!ii; 

'W~cn"a $_i,gvifk,lf.ot ,concern -exists it is strongly_ r~~mmen:ded ',the, Slil'e"iitiJ 

, : autnrir~~, ";~_~d ,: e",'~rgency . s,l!rVices " be t'nfQrmett ~~', -the .a':'I!::;tp,~~;;~;~~~ 
, ap~r,ipHaie-:--;';es~on~e' <~an 'be' imp!ernentcd. S~eking 'h~'p' ;~h _a d 

be dQnj;q~j~kly b¢(ore th.' problem deyelop,inw~Qmethjng ,e,·iduIS. VVh,," 

ft"o'rri :a,-,dams e'rgin~er rriak~- sure- tnat you 'note down enough detai1s to :be aD' .•. " 

:'the $:i:z~ 'of ~i'le!. pJ"o~r¢m, its Jo-catiqn,- how quickly 1t is -changing an9 the' cu,rr.nt.·.~~~ 
: jnfl~ws and wa~er je:v~1. 

.If the:'engin<;l~t''iiS' oO;t_ familiar' with the dam it is useful to -have drawihgs 

'serit"byi(SK Or ''by e,imail If aviilable.'-'Remember that 'it wtfl tat«! tim«(for'':,:~~!~;1~~ 
,~n~-O' t~e .sit~;fdr, a:,~-e;tailcd Jnspectlon,_ Depending onctbe ~rate of de.v~iopmen't· 

';lat~(A key tl1il'Z t¢ .. ~~memb"r is ,h., the impact of a failing dam will be' s .. iignin£>. l"~YJ~1 
'if th'ere is 1i2'ssiwater in the darrt So--be prepar~d to dtaifl ,the dam if'a,,'.'''· 'i<:i"".I~r 
-develops_or-J$ deY~lopjng. ' 

" '-',' -', ' "I " 

:Warnlng: 'H\~ I~~kage problem is occyrring" do no,t place, anyone in danger_ by.-·tfjiiilac,t" 
the,~p$trea';"sidt of the leak There is a teal danger of people being drawn. or ~u<lI;~6 



outlet pipes or erosion holes. Seek experienced help. lives can be put at risk trying to save 

dams using inexperienced persons. 

7.6 Inspection of Rocldill dams 

An inspection of a rockfill dam should follow the same principles as that for an earth dam, 

particularly if the impermeable barrier is located within the body of the dam. The upstream 
slope, crest, and downstream slope should be examined for evidence of erosion, slumping, 
seepage, and large vegetation. An upstream lining for a rockfill dam should be inspected for 

conditions that could result in leakage. These could be cracking in a concrete facing or 
tearing and crimping in a flexible lining. Any significant cracking in a concrete facing or 
tearing/crimping in a flexible lining should be repaired. The protective layer over a flexible 

lining should also be maintained to ensure its continued performance. 

7.7 Inspection of Concrete dams 

Concrete dams are more rigid than eat'th or rockfill dams and are thus less tolerant of 

movement. A small displacement of one section of the dam could affect the stability of the 
structure or result in significant leakage through or under the dam. Any movement of the 

structure could also compromise its contact with an abutment. In addition, any concentrated 

seepages at the downstream toe or the abutment contacts should be examined to ensure 
that piping is not occurring through the foundation or abutment areas. 

Concrete surfaces should be examined for spalling and deterioration due to weathering, 
unusual or extreme stresses, alkali or other chemical action, erosion, cavitation, vandalism, 

and other destructive forces. Tapping the surface with a hammer or some device will locate 
"drum my," unsound concrete. 

Structural problems are indicated by cracking, exposed reinforcing bars. large areas of 
broken~ out concrete, misalignment at joints. undermining and settlement. Rust stains may 

indicate internal rusting and deterioration of reinforcement steel. Spillway floor slabs and 
upstream slope protection slabs should be checked for undermining (erosion of base 

material). 

7.8 Inspection Checklists 

The most thorough method and best way to keep records is to use a checklist to record the 

findings of regular inspections. It will remind you of what to look for and become a record of 
the condition of the dam when you last inspected it. Of course, such records must be 

systematically stored so that the information on them can be readily retrieved. This can be 
useful in the event of a problem developing, as you will thereby be able to show that you 
have exercised due diligence with respect to the dam. It is a similar activity to doing a 
routine roadworthy check on your motor car. It is not only good pro~active management of 
your asset, but may also help to protect you against liability in the event of your dam causing 
loss or damage. Appendix E provides a sample dam Inspection checklist for your information. 
It may need to be modified to suit your particular dam. 



7.9 fnstr..,mentation and,M'onitoring 

Instrumc~tation at a dam furr)ishes data to ,determine if the completed" 
functioning as Intended, prt>vkles a continuing: survci'Uahce 'of the ·,.,"C", 
indiCator of developments_ which may endanger jts'- ~afsty. Th€ ext~nt ari{j 'C9J"'l>j~,~ 
instrumentation at a dam depet)ds on the size 6fth~_st~w::'ture, itsUhtended.puj'p~i":Jg~ 
potential for loss of Me. aiid'-property damage downs.i~;eam- of the facility. 

The recorded data, when evaluated on an ongoing -basi~ enables behavioral tf"IJlJ~'!~' 
tracked' and give, early warning of adverse behaVIour. Typical items In'$ tr",m.>l)t~:' 
monitored include: 

• 
• 
• 
• 

profilcs;and cOIll;Htion, deformations. sij!epages or damp areas (vis4aff '_, _,­

reservOir. water leYel' whi,h relate. to <lam .lo.4o and flood behaViour' . 
loc'aJ rainfall' which,relates to backgro~d; Se~p~ges 
drainage and di-scfnguishable- se'epages, ~kh 'relate to control ofl.iik:!;~~· •.• ~ 
flow 

• Clarity :of seepage- flollY whicb relates tp pot,entlal erosion of Omilaj*h~!t: 

foundat;lQrl mat6ri,aJ, 

• water pressures within the d.!lffi -and f6t{tld"tk>ns whiCh relate- to $tiJ'Jll~)! 

behaviour 

• Illov(:m:ent or deformation of the- darn· ,!;uriace and interna:!, "rlu(t~r~," 

relates '~o Str'ucwraJ'hehavior 

• stresse{i: within, the dam which relate to 'stru-cwrat behaviour 

• seismiC ac.ccloration';which _relates:, to structv.ral behaviour 

;rhe j..,~rtl(llents f1:~eded a't-a darn could range kotn,si~pJe, bucket and stopwat<ht~. 
'eePat~' fl<jw at.~ .$mall dam with low hazard, '0 all of theaboye ins,trull1en~li"Nat;a;: 
dam wlt/l J\igh haz.rd. 

, ·The ,QaNt.' Mat'lual'·shoutd <ontain dear instructions' on how to usa m::::'~~~:~::~~~~ 
and hb-~ ··~o 'na~ rJieasur-em~t}t:s- at ,monitoring point.. A map identifying each' 
'~orlitq:tjng ,p:Oir'lt; '~nd forms' for 'r{;!CQrding th~' qata $t\ould be :P~fJv,ided., 

, _ :points th¢Il\Si;:!lve,s';: ;as weI! as any seepage or cither-.·ar'eas nceding attention 'h'itJl;n~ 
dear of:o,bscuring:gr-owth and be permane:ndy·markel;(AH data should be r"(:"~~~.·~ 
appropfia~' .. form., :Monitorfflg can only be benef'iciat if -ine' o~set'vations are re"orde,:f." 
.orderlX ~y and fQ~m a dear perfo(mance record. 

, 

,,_-,R-o\Jtirte_;~orut~ring must 1;>,$ acco:mp:~nle~ by an, eff~ctj¥e ~ystem 6f .",Ju"(!\~!l'~g 
:' ,titldi1~,_~cf:~n:wher~ neces5ary. TIie ,opeiratidns, lTr.l{nteh~flc-e: and sUI-ye!l1.n"".iji'r#li 

., ,:,' ~ol1~il1., max-imum v,?flJes for (:t'ltital, :i~ems (e,g. :se~page valueS •. _ water pr'~~,"'4!~I;' 
. "dEf6~niat~S) k,et b,y the tethriit::al a~ise'rs, If crftkil· values are "reached, :i'hli'mllfiJ 
:ie.f~r:;r,ed,}~PQIa~ly to the apprQpri:at~!te'hnical'a~~Asers-for review:-and a<tjotl.;-

4.'1 P .'ge .. 



8 Operation and Maintenance of Dams 

Effective and ongoing operation, maintenance and surveillance procedures are essential to 

ensure the continued viability and safety of a dam and its appurtenant structures. Poor 
operation, maintenance and surveillance will invariably result in abnormal deterioration, 

reduced life expectancy and possibility of failure. The proper operation, maintenance and 

surveillance of a dam provide protection for the Owner and the general public. 

Furthermore, the cost of good operation, maintenance and surveillance procedures is small 

compared with the cost and consequences of a dam failure which could include major 

repairs, loss of life, property damage and litigation. 

The term 'operation' when applied to a dam may at first be regarded as applicable only to 
larger dams. Typically, such dams have a variety of control equipment in use as part of the 

structure (such as valves, flood gates and electrical control panels). However, when we 
define it as any activity or practice which allows the owner to keep inflows and outflows 
under control, or which safeguards the integrity of the dam, it can be seen that even small 

dams Without elaborate equipment can be, and should be, operated. 

This is because the nature of the responsibility carried by a dam owner is the same for a 
small dam as for a large one. The only difference is in the scale of the responsibility and that 

is then reflected in the smaller scale and sophistication of activities which usually applies for a 
small dam compared with a large one. 

The definition of operation given above also implies that monitoring of performance, and 
maintenance, are inherently part of the duty of care which attaches to the responsibility of 
ownership of a dam, regardless of its size. 

The following sections deal only with some very basic aspects of operation and maintenance. 

8.1 Control of Flows 

Operation of a dam includes the control of flow of water from or around a dam via by-pass 
channels, outlet works or spillway structures. 'Control' refers to activities or design features 
aimed at ensuring that: 

• 
• 

• 

inflows do not overtop or endanger the dam structure; 

outflows achieve the required environmental (compensation) flow rate where this 
is applicable; 

and outflows are delivered in such a way as not to endanger the dam or to cause 

damage downstream ( in larger dams this may include flood regulation; in small 
dams it will include avoiding erosion of the toe of the dam, the spillway channel 
or the area downstream). 

8.2 Routine Surveillance 

Routine surveillance or inspections can also be called operation activities because they are 
not specifically maintenance. Surveillance/inspections involve observing the behaviour of the 
dam and recording flows into or out of the dam or water level gauges. It is geared to 
securing both safety of the dam and satisfactory technical performance. 



11.3 Filling and Emptying 

Be aware that the rate of fUlmg _Of emptyirtl&: a dal1l'-s:,t.tol.dd ,be controHed. 11 ,,16i\i'·,.t#.;lji/tl 
probl'em$ can: dccur in an ,earth embankment, -

Iffitte~ t90_fa$t, es~c:ialty'fo.r the first tirn~ or afre:r-:a'.-kmg dry period, the (1', ,a~.r"W'<ltI~~: 
bank does ,nO,t have enough _time to get ~uffidendy wet,' expand -and seal. 'f' her~lbl'l 

may oc:cur. In the case 'of -'embankments cons~ructe~ _ frOlTl dispersive 

probllSm ,is 'mo~e -severe aii<l' can, I~d to -rapid and"c'?mple~e failure of the.' Ii' nill~j~~lii!i):;; 

Emptying. too quickly prevents the moisture .in th~, embankment from d"'in'"lLf~(", 
and--- wi'th the water load ·reduc:ed :-on tlie, upstream- sidel the intern-al 
embalilknile!1t carr c,a~e $Iump$ Jir-slides. How qujckly j$ !,tQQ qv,ckl( will <l' ~~.!rt~. 1<i!!¥1' 
of sOiI'i'n ~'~~~ efnbankme~t, ',b~t ~~ a fi.;~t rule -of t~Umb; :~~ytng fast'er th~~ -O_.2.ffl 
day shpufd be av9ided, 

8.4 Maintenance 

· and :s,ystematk: maintenance phm. 

rhe'-,rrtaii~n~nce pian, shoufd ,be: qm:1dod upqn wh-e!l<th~: C;OITs:truc"¢/on 
completed. It-wHi,affect the I'ife ,of_the storage-if you do ,not malnta!n:'it properly. 

A good Plan ,hOUldlnciudeth\!.practite, to b!>Us.ed, a~w~U as th,·'ii,p')CQxhT"tI\',dl)'!e·~ 
year Wh~h t~$y.>r. appl1oable. '. 

An '¢ogince;r, can- give you advic'c. and prepare: a sin'\p-Ie program, t~ be fol!o,veiL'rn~,. 
sh6uld"~J~o- tri~l~~e steps to be: taked if parti~Hlar _problems are :en9o,untered., ,AiJ t. "CQ~' 
main~ery~f.lce ;~c.tivi~i,es shqul_9 in~l,ud~ _d~a:i~ ~ '9,f QQ's¢rvations fn~(jel r.I'ai'·,· •. ~~r·iI! 

,(irfcilid_i.ng, de~as -bt locatio_n), -no 11'!~tter how rhinor. 

: The- most: c~~:,:prbbtenHirea$ -Or' _¢alises' ~e(fuiring m"in1:en'l'll;e '",If erllb"nlcrrnltl"<!iii1 
· de$¢l'ib.4 briefly· oelow,ARl'~diX D indu<l$ a more cornpr'~~I~'1 ",. iv~ slurnlmai"t;Of 

';: €auses.>cQ~q,u0f)e,es,and t'emed'ies, 

I .• $fl:ep_lIlI""d LeaklJge 
.. ,," , <,,' -' !.. " 

· wa~~esc~~i~~J$rpm the .reserv<>ir mig~ ·~Pl""'loc:ljl)l {~ea~~~ Of .. Over a "'l1:~.1 
" (""!!II"eI),' It mlg~'be vislbl. ohth. embaO~menJ;;" ,h. do¥i"stl'~!)l toe ..•.. 
.• ab"ti1t1'nu,t~~.t:il'l' of flow might l;e',.malldaargi '~,""dr·ot it\'t""4~.cle",. 



Figure 8.1 Seepage from the reservoir in one of the small/micro dams in Tigray 

Unless the flow is clear and the rate only small and not increasing, most forms of leakage 

represent the first warning. Seepage indicated by green patch of potentially serious problems 

and indicate the need for dry grass early repair work. 

It is important that the embankment is well maintained and grass kept relatively short (70 
mm is good) so that seepage is readily identified if it occurs. 

Appendix D lists the most commonly encountered forms of seepage and leakage, and the 
means by which repairs might be made be made. The only common factor is that, unless the 

cause is readily apparent and the repairs immediately effective, expert professional advice 

should be sought. 

2. Crac1<ing and Movement 

(a) Cracks 

During dry periods, there will always be minor cracking as the embankment dries out but 
good topsoil and grass cover will help prevent this. However, some soil types are more 
prone to cracking than others and, where these types of soil are common; cracking is often a 
serious problem. 

Transverse cracks running across an embankment can allow water to start seeping through. 
Longitudinal cracks running along the embankment can fill with water during a storm and, as 
a result, saturate lower layers which may cause part of the embankment to slump. Ideally, 
large cracks should be filled as soon as possible with compacted clay, but, in practice, this 
can be difficult and it may be necessary to trench out the cracks before filling them so the 
clay can be compacted. Waterproof layers such as a compacted gravel surface on the crest 
help prevent drying and cracking. 



(b) Embankment Settlement 

On large dams, it is usu41 tc:>--h~ve-sp:edaJ level mark,.,., ~ •• ;~~:::i,n::::~i'~~ri~~ 
On small dams, embankment settlement -ca:-n be.,.t by 
freeboard (tht! difference between' full-mter " ,and'the,top'cf the bank" . __ 
highest, pOint). Hard ,and fast ~ules {':annot be laid ,dQ_wn- -but" as :an Indica,tioO; ,:, ,~n'e< 
normally be less than abQu( one flfth' dw: height -ohhe.-,embankni,ent; but"' 

is to examine the records, _,to_ se~ if s~tt1ement is $ttW ocr;urring or if. it n"".e~<ll! 
Checks should ?Iso be m_ade·,i~--$ee ,whe1:iher-thef~;:f~--~any development of'rr ""i,'" 
in the trest. and if so, profeS$icinif a_dvi~ sh641d he-:S~'t. 

(c) Surface Slips on fmban~ment 

Slides are major structural <i.,r.,cts. They normatlyT"quire major remedial, wQr"" sq. 
flattening of batter sloP<'s;lm]lro"~d ,.I'ai~ or .4~!uOt'l"fr"<;kflll as a "al~~"ili 
the tOE) of a slope. SeleCtl9fl' ,of an economicai a'~d;: iiff~tlv~ .remedy' ni.;i.~ 
expert profess_lolial advtce. 

3. Ero$ion 

Erosion is ~lsO: a prc)'blem Vfith many causes. The' ({)flowing are among the",' 
forms of r-fq.slon. 

(a) Rilling of: th~ 8ank (small_'eros16n gutters down- ,~~e bank) 

This- -usuallY' happens where ¢¢re· is :no topsoH and gr,ass. enlb',nkm~"" ri1Ilnll"l1!14;;&i 
cover on, thE bani<, To -rectify the prcible:n1, pack ruts,·wlth grASS' sods' or c<<ver.tl~.,.;~ 
tqpsoif ~rid $ow'dqwn. Ma:int;a'f;,~ a gOQd' grass cO\l~r.oo the em'ba~kment but' 
~ake_'sur.veillanc~ e,'asier, ' 

(b) Dam~ge from Wave Action 

To reduce wave- ;i\ction -dam~ge, proteCt the bank With -rocks, 

grassE!$; F~r larger dams tJlore- sub~tantial, rbck 'prpte<:_tion is war.ran~~d­
windbreaks jl\-roum:d the snore\il'!e should be considered. Wave' erosion c."·o,toi,.vi,,j, 

'.' . rock is: pJa<;ed:-Qil: the upstream-,s~ope for protect10n:. Constant Yig-i-lance is ""!l!>j~~ 
enst.Jr-e~~e,:upst~m slope remains In_~od condlti,on. 

(c) Spillway Erosion 

';' ;.-i , j: - H-Elavy':t1~S! OV~ :spiJlways--'C:an lead~~d ~ro~ion; Whf!r~ thIS ,'Occu'rs; tnt-tn- rni:"Oi''l1i'01,i'''#~ 
I grass_ ~Qd~f,4ov~~~.\'!'lth nay' muJ~h _~J1~ pi!.'! down with .~ttjn'g, '1 ... . . .... .., .. 

"'\j' ,Ensu~':that"tt'te,-~'$_pmvyay remains_ ~tle~el 'as possibte ~c_ro~s its ':en'tire W~~~~7~;:~ 
'. i - c(mcent~tiort -C~~:s.idElr instamng a' ¥OW 'fl~w CO~1ete'-gy~t¢r!i;:re~-~h -to 1: 

1 protect--the ;v,eget~tibn: cover on th~ $p;'Uway from prolonged -satltratioJi /olloi/llin,g,''S.1 
,':1 ,This-is h9t,~n_at~hative to the"outle{pipe.- If eri!Sfon,-pfM"si,sts_, f!l1Qf'* sub$!an'tia!.·pr~$ 

, is probably .requ;r~d: . .. . . 

,! ,-, 



(d) Sinkholes 

Sinkholes arc holes or depressions at the surface resulting from internal erosion, which has 

caused underground cavitIes into which the surface material eventually subsides. Sinkholes 

are often a sign of severe and widespread hidden damage, and rectifying this problem is 

difficult. It is necessary to determine the nature and trace the extent of such damage, and to 

backfill all eroded areas with well compacted day before dealing with the visible surface 

holes or depressions in a similar manner. This is tedious, and it is difficult to ensure that the 

whole extent of the problem has been addressed. Unless the defect is found to be 

superficial and associated with flows from rainfall run-off rather than leakage from the dam, 

professional advice should be sought. 

(e) Wind Erosion 

Erosion due to wind action can occur when the embankment material has high sand or silt 

content, and vegetation cover is poor. It is often associated with the passage of stock. Re~ 

establishment of good grass cover is the best remedy. 

4. Stock Damage 

Keep stock off the embankment. A fence to exclude stock should be constructed around the 

perimeter of the embankment, storage area, spillway and spillway downstream slope as soon 

as possible after the dam is completed. Apart from damaging the grass cover and creating 

'stock paths' which can lead to serious erosion, the water in the storage can become turbid 

and polluted by continued stock access. The best alternative is to prOVide stock water from 

a trough, or install a fenced walkway to a restricted area of the stored water. 

5. Dispersive Clays 

The presence of dispersive clays on the ground is often the cause of severe discoloration of 

reservoirs and streams, but that is not the main issue here. The issue is that their presence 

in a dam embankment can result in the loss of material from the embankment by internal 

erosion and consequent major leakage problems and failure. The failure may appear to 

develop gradually but the final stage often occurs very rapidly, and with little or no warning. 

As far as pOSSible the use of dispersive clays in construction of a new dam should be avoided 

but, where unavoidable, the design of embankment and filters has to take account the nature 

of these material into account. Application of chemicals can help to stabilize these kinds of 

soils. Compaction of dispersive clays must be carried out to very high standards in 

accordance with specifications prepared by an experienced engineer. The moisture content 

for compaction must be carefully controlled, which can only be determined by laboratory 

testing of the material. 

6. Defects in appurtenant structures 

(.) Spillway Blockage 

Debris, bushes, trees, shrubs, fences and tall grass should be regularly cleaned from all parts 

of the spillway, including the approach area. These will tend to obstruct flow and also catch 
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any floating debris th;:tt would, norma!ly pass thro~g~ the' spillway, These ob~tr\lel:iO!:ll':1 
lead to overtopping the emba-nJ.;mllmt. 

(b) Outlet Pipe Blockage 

The cleaning ,of an ou~let. pipe is_a problem if the, gatE',va1ve fias b~en ck".,d'.~tJ:~r~ 
season because tr:ash a~d,: :5H~_tjo-n can dog .thlil' 'inJet: on the 
cl)1bankment, This type of bio_C:kage could place a dam o'flner in conflict-with,' 
bo,dyJallthorit~s and with ine,dhw'nstream users bealJs~ a: dam on a .. v lat"",,>r.I),r<oqOi!p 
gate valve to- be operated so as not to diminish ,floWS, durjng the dder_ 
recommended that regular flushing be carrie'd out t.o minhni:ze; th-e risk of.oultledll~l~ 

In the event of a b[ockage"th~nt are different tech-niqtu~'S and t}'p(;s of " 
dislodge an ·obstruction (ie.. deaoing rods,' flexible '~ew~r pipe cleaner), M'os,t. ,,' r¢liIij, 
only be empfoyed when _the; 'to.r~~ is empty or ci;Qse- to: Jt. Persons 's-hotdd_ n~'t . .t'!!'.~ 
water jf. flow, is -passiog-'through the outlet. :Seek prQfesslOt)ai-''3,dvice. 

7 .Oul;jej:s and Valve. 

All valves used for rel~asing water from a,dall) must:l;1¢ properly'r~aintained. Iti$j~~ 

to reme(11b~r that ifyouh!lye a developing problem with YPUf .dam you mayn·e"~.tIi.~ 
it 95. q.ul.c,kiy: ';;\S pbssib:le, Jt is thAre-fore_, fm,porranLtQ sef¥f<;elexi;ir~ise the v"'ve ..• r~~ 
make ~ure it is operatfon~l: .Qt- all 'tImes, if it starts:'to get- -difflcu[t to op'''at •• yl)i".II\ii.1 
<fev-ejo-pi~g'prob!em that reQuf.re:s: attelltion: 

Provision sQould qe made. at the' outlet pipe poiryt '.Qf:-1d~s,~harge ~o r-e,du<:e, tll<lt'liil, 
eXiting wat~t.:'Rock placed on 'a layer o{~rushed 'rock to-,niinirriii~ erosion, 

cO'.ncre~ outl-et -structure should be const;ructe_d, tQ: . .Q~jpate" the-_energy '''f.tIi~(Ii'' 
flow. The tXpe of p!"'otectlan wiH be ~ependent oq' th~ size a'nd the -pr<!S~'~ri(V\l;\'!' 
water. 

':Another prpMem at an outiet valve .is the potential for neg[ec,t if 

Remember th~t if you ha-re an' emergency problem' _with your dain and' .. n e.'Q':O:~ 
qui,k/ytos~. it from total 'aillJ'. you willn •• dthi~.'Y.II(e.tO work. ltls ". ",pm~.enf!i 

,this vaive b~;9perated few tim~,s pet,year tp make sure ft'i~ operatlI1g' pt~perly, 

(a) Tree, 

}":';" Setf~sown" 'pl~n~~: trees- or ,other: d,e'ep'~roowd ptanti: shp-old -nOt fjffp"e-r'rni,«ed Wii:.~lt!i$ 
~i .. r .. (or th~anti~pa"'<lheight OfUl. ma,ure gr"i.vt~ ),,1 .hoembankme(lt ~r .spiillwIIY,.·J.h 
if~;~.- 'of thi~, ~'P.e br~getation 'could provide' a: padl far }eaka.ge'-thro'ugH the dam' 
~,;,-:~:",: r~u{t ,tn its ,fal!ure: Planting tre.es _aniJ' sh~l,Jps: _¢,an pf(QVid-~, win<loreaks._ wh'i"hl.p,~y',,~ 
t~f""-"- acti~n ',ana, ~h~r~fore, s,oil eros!on, and a'5(> give -shiMtf:lr for wjfd~ife" 'If trees, ,,,e red, 
~}::,;. ' ,,-:tht\ly ,shou.Id"b~.',pl~~ed arO:Urili 1;he'fQreshp~e -Of the __ w~xer storag~;,w~lf-.awa_y, ,'.' :.'1 .. "!,.,,,~ 
~;" "embankment and-'spH~way. The do"minant wind directiOri- needs ,to 'fje,-cQtis~der:.ea'-:, 

~!f{ ..­
~ ..... 
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(b) Weed Control 

Aquatic weeds in dams can block pump and pipe inlets, deter stock from drinking and, in 

some cases, taint the water. If weeds are treated when they first appear, dams can be kept 

relatively free of some of the more troublesome species. All plants can become a problem 

and each may require a different control method. However, in all situations the same 

factors should be considered in deciding what control methods, if any, should be used. 

In each case: determine whether there is a problem and, if so, what it is; identify the specific 

plant causing the problem: find out what control methods are available and which of them 

could be used; investigate whether these control measures could cause any other problems 

(eg. toxicity to fish and livestock) and. if so, whether they can be avoided; and decide 

whether or not all factors considered, control is practical, desirable and worthwhile. 

9. Sedimentation and watershed management 

Sedimentation occurs in every reservoir of a dam. Sedimentation rates vary widely and 

depend on many factors of the watershed areas. In Ethiopia, most of the sediment enters 

reservoirs with floods occurring during the rainy seasons of the year. 

The best way to avoid sediment problems is to reduce erosion in the watershed area. 

"Watershed management" - including afforestation and the promotion of farming 

conservation practices (such as contour tillage, strip.cropping, conservation cropping 

systems, and other land improvement practices) which reduce soil erosion - is frequently 

advocated as the best way of cutting sediment deposition in reservoirs .. While these schemes 

may be recommended in project plans, they are rarely implemented: dam-building agencies 

are usually more interested in putting their funds toward building dams than planting trees 

and digging field terraces. 

As most dam owners do not control the watershed land, other means must be found to 

minimize the effects of sedimentation. One way is by dredging. However, this is expensive 

and will eventually have to be repeated because the sedimentation process never stops. 

Disposal of the dredged material is often a problem. Periodically opening the drain valve will 

help keep sediment from obstructing or burying the drain inlet. 

For ponds with smaller drainage areas, vegetated strips around the pond will act as filters 

and trap much of the sediment. These are especially effective for ponds where much of the 
runoff enters as sheet flow rather than in small streams. 

The control sedimentation necds to be based on the correct idcntification of source areas of 
sediment, a knowledge of the processes by which water and sediment are moved over the 

land surface, and an understanding of how these processes are affected by the physical 

environment and socio·economic factors. Soil conservation can be achieved through 

watershed management by targeting erosion control measures at critical locations in the 
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landscape, producing appropriate designs and gaining the support of interest~d-, 11' rjJ,~.',~ 
organizations for their implementation. 

8.6 Maintenan<e of Concrete Dams 

Concrete is an lnexpensjv~. durable. strong and b~k, b~Hding matedal otten 
for c.ore waifs, spillways" ~mjngb'asins,-,_c.orltr{)1 to:W~~!i, an(j_~lope·prote!;'tj.ori'. Hi>\v;<l'" 
workmanship, construction procedures. and constructtori:-m3:uwiaJs may cac'$",lirt~l; 

that later require repair. Long .. ierm deterioration or:,'d,afflpg-e- caused by fl"Wil,g'$)~t;'" 
other natural forces must b-e corrected. 

8.6.1 Geqera.! Concrete Repair 

Floor. or whu; movement, ext-ensive cracking, impr9per aHgnmems, 

dispf~cerilen~ arid 'extimsive" undermining are signs-- of major s.tr~ctural pr<lbt.""" •• 
systems rna)' :be :~eeded to r'e!.ieve exc,essivc water pressur'es, under ,floors and' ~ llhiinil;jli 
Because of fheff ~omplex nature. major str~ctul'al repairs J"e-qlJire professfonat' .. , :m'"" 
Before attemp~ing -repair Qf a concrete surface, atl unsound '~cmtrete ,h(tul'~.~"el"''11~\ 
,.wingor chipping, and ti)'patch area 1:horougl1lycle~ne". A sawed edge is s~l.er~i;1rl 

way to achipp,d edge. and sawing IS generally less c""ly than m"ch:l1li"alchipl'i[lg. 

There ai.e dlff~n;j~t mirthods a{ld techniques o("repair. -Most of these 
expert '3\n(l ~xp~r-ienced ,as~i.Stance- for the best, reSuJts; therefore, the ",Ivl!;i 
,pr~fessiOl1aj erigt~eer- must ..be obtained to 'prepar~ a, plan before repairs ,-', 

particular rr~tl\o~, of rep.ir will depend on the ,size of the job and th','~~:)df.'" 
" required; 

8.7 : ~odlfkl\t!ons 

( a) Spillways, 

': Experiente Has: s:hbwn that some,' landown-¢rs or 'lessees try to modify t-he spHlway::-'-
_J.,to.adl-tev_e anl~n~r~asejn' stGrag~ capacity. . , ,-
, . ' 

ThiS p,raCtIC~,i is: t(~u.ght with da,nger. If yooAiIJ. in o'r :,ob:stn.lct a s:pHlway then <l, l~~h,.n>!~ 
oivertripPlng ~~, f!am al~e ~.reatrr inc~~as~(rWater '~i~ss'ure loading on the Y"', n, .,." 

,increase du~ ,tc:i;the added height- of wat~r and this may" -caUS-ft. -'instability in- th<dloi:ll<fi 
. emqankm.,i,: ~I!ps. ". , 

, . 
'- ., 

(b) Cr~StMP~ifi~"tion 

".Even ~he aqd'itlc1n:' of topSOil to .. the top' df 'an -exis~,ng, "~arn hl_S J)eeh 't~lt;'=,g :_-'" ""',,, 
: ~~injftg: a~, tnc~e~_$*: in storage ~apac;~ty.~ Thl,s .. ~rl ,create" pr~_Qlenrs- p~ause i,t is,,l 10,:",~",4£ 

:., '. 'gi>pd Iiomli,: ~"en ,he, tOP of tbedalli ,.nd"th. new ri1at~ri.1 and wl;i6il.i' 
~~rfr¢~bl~ .. :B~qa;!J~e of the $hilP~ 9f the 4='10): a simple_ risl,Og ~ij also res,~,llt in "'~l!:,t~ 

, :',' ~\ (:r:est;-~~dth:~r~,:maintenance_diffktllt. ,-

.,' : " _Mo~ifitat(Q~s ~are ~est left' to an engjo_aer'.tO ~ss,~ss"afld d~ign 'a: s* st~uctur~, tb ih.'~f~ 
need.s~:,Oth~_;.wis~ ~t may be the most,eXpemlvc:wate,,:" you'eve-r coUe(ted, 
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8.8 Personnel and Training 

Safe management of dams is a frame of mind and involves all the people concerned from the 

owner to operations Staff. Education and training must therefore be conceived along the 
lines of developing awareness of the need for ongoing vigilance, surveillance and maintenance 
in addition to giving instruction in the 'nuts and bolts' mechanics of the relevant and 
desirable procedures. The training and awareness raising must be related to the specific 

characteristics and potential hazard classification of the dam. 

Clearly, the personnel involved must understand and fulfill their respective roles and be 

suitably trained in their areas of responsibility. This is particularly the case for caretakers 
and operational staff who may be recruited into their positions without prior specific 

experience. 

8.9 Community Participation 

For dams being financed by governments or other agencies for community operation and 
management, it is essential to consult local people. Try to obtain a representative view, not 

that of just important or elderly people in a community, but also those who will be most 
directly affected or benefit from any dam, to determine their needs and views. This is 

particularly important where the community is expected to contribute towards the 
construction (Le. with the provision of labor and pOSSibly local materials) operation and 
maintenance of the dam. It is very vital for future maintenance and longevity of the dam. 

Training local people in all aspects of dam repair and maintenance may need to be included 
in the construction program. Where local participation is expected in the construction 
process any contracts awarded to private Contractors should clearly define all contributions 

to be made by the community and the contractors asked to modify their work programs and 
practices accordingly. This may lengthen the construction period and increase costs but may 

prove worthwhile in the long term in enhancing responsibilities and skills amongst the 

beneficiaries. 

9 Emergency Action Planning 

Dams should be designed, constructed, operated and maintained to minimize the risk of dam 
failure. Nevertheless, incidents can occur either naturally or preCipitated by phenomena such 
as floods, earthquakes, sabotage or mal~operation which could create an emergency 

situation with respect to dam safety. For this reason emergency action planning should be 
undertaken for high and significant potential hazard Classification dams to minimize the 
adverse effects of such incidents. Emergency action planning is likely to have less importance 
for small dams with low hazards. 

The plan should list actions that the owner, operators and relevant government and local 
authorities should take if an incident or emergency develops. The process of developing an 
emergency action plan (EAP) may involve some or all of the following actions: 

• identify safe access routes to the dam for the conditions anticipated 
• determine the inundated area from assessments of the possible effects of a dam 

failure 
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• determine and identify. _d)c;>se condi~jons th!it~r -iI)i~a:t~" •• n .. fltnej·g\\n~L~il!!,.ij 
the actions to be taken ~nd by whom 

• identify all agencies afld'''fndividuals Who' wsiuld .be .in-vowed in the'- .rr''';d!$!'j~ 
p'lan, and-cowordinate the;deve!opmeJjt or-~:pJatyWTth:tho_$e pardes, 

identify comm~.mj~clQns syst~s betw'e~ P!i~tie5 and individuals 
identify-all spe'd~tI eqUipment and res,ol1r'c:-es_ -required and the-ir iocatkio­

• 
• 
• test and revise the'ptan at regular inter~ls 

9.1 Extrem.e Events 

Extreme events _s~eh ,as ,ea:~kes- flood or ,st~rrrJ acttVtty present a sitJ"t;'!'!!"Jr! 
prevcn'tative action may ~e d~'ult. Whilst ,th~.r~, -is- 'little t'hat a dam "",(nere,..,' 
prevent them octurdngJ 'the ~isk-of -dam failure- from fh;:"od and eilrthquake 

expected to he minimized by --proper design and constr.uui'on. A dam de~~gi1n." 
the' engineering aspects and applfes margins of saf~w,-~hat have been d",.el"?$dlt~~. 
experience. 

Pre ,p~a,nnjng, for' an emer~encr Is an important -mo:~ns,;w whf~tr ,to: hljl'i",jZE'!l\'il1li~¢ 
dam failure; Failure of -anoth~:,d~' llpstreary1 ca-,\'-,'a]scf-tt:i1pa<:t'_on yo-t.ir ,dan't: ·Diit6··l>\ 
carry the responsil)i!ity for_ tne :safety of their dam under: the Jaw. Trth~j:s~;r;j:s;I~'.~~~:R;;~ 
by th~ proper upkeep of th'e'·~. If you at'e 'c;Onc,erne<l about the Cl 

should contact your local regtJ1atfn~ al;Jd~Qrity which can di~c:t'work,to be d8n~i<ijr:i!~ 
dam safe. 

9.2 Em.ergency Preparedm.ss . 

Em~rg~n(:r preparedn~ ,'$ 4b'oUt having f! plan ,of:,what to' dO,'to the· e v.el't.·tI\J1~1~ 
your d~ni appears ,itnmjnent'~':Qwnets can pl~y an3(np,o_i1:*n~ toJe 'in .nsUl·jrljLt1~;:~ 
dams by 'having pl"'oper operatIng procedures, ~d¢quate-' j,n-~pectjpn.- and hl.i~!!M 
s~fety ~u-r:veiHance. However, th~re:-sholJ1d- also 'be' ':1:,plan ,9f:action in casa th~'d"m'fJ!!J~i? 
threatoni-ng to do so. 

The, ,EAP should be directl,y re~ted to the s~d~c",.da-m's structure,_-anq its-,;,_ 
envit&!m~nt. 'It will depen'd- on,_thc owner's ,krH>wiedie/ ¢if the -dam and its" 

.h"UI~ b~ revi""",i;! and. ifn"""u.ry, up4ated annually, This i. especially truli 
a: histOrY'Of leakage,--cracking, settt'elilent. misaHgnmertfor- er-os16n 'from wave. a, ,til>;", •. 

Sinc.e",dam ,own~r$ may be 1l-aJ;lle,for damages assQqat,ed' ,With the' faiitil'e _oftl",~i!J:iiIi, 

imper~¢iv~' ~ issue, afL~effeC:~Y9 aocL timoly'- w~rning-'b{ downstf'~a:m r. 'e.iid!!I'1~".'.~/~" 
: " aboUt to :f<i\". rh,~U.nitter ~nd,-'~r1i'er the Warning \h~ --t~~' Ii,keiy injury:' wHf o~cUli.~~d 

-: damage, may h:e aVQidaf,le, In f\.!ral _;trea;~ _te{~phon~ ,or: dkec;t eQl"ltact will USt,;,lb.fJ"e.cJ(! 
wa-fn :the ·nE}al~st,-:d'ownstream residents. 'When telePhone conversation' is no+ p(),,~b 

• person "b~.r<tlryg thedangero/;' .coh<litipn m~~ h~ve. ·tQ personally ward'·iI!i 
': dow,n$tream 'f~$ld;ints. ~amjlers':-etc. Th-e dim"o~;- should, therMcre 'keep_ c.'c. Iii· <l1i~;~ 

nearest_ do~nstt~~;n resid~ri~-sdU)d their phpn~ nUrnllers,'al-amg with -the_ pdl\l:'~;.!>mt'1i 
- servk~s a.nd, O,~h~r cmergen!2Y t'll/:fl1bers, 
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9.3 How to Deal with a Dam Failure Concern 

Immediate action is required on recognition of a threatening condition developing: 

I. If failure is imminent (eg. water is rising and approaching the top of the embankment, or 

heavily colored water is leaking from the embankment or foundation) then you should 

immediately contact: 

• An engineer. to seek advice 

• Police. and local government bodies 

• Your neighbours downstream, to inform them that you have concerns but are 

working on the problem. 

2. If failure appears imminent or is actually in progress (eg. water is spilling over the 

embankment, or erosion of the embankment, spillway or foundation is occurring). If there is 

no chance to save the dam, inform the following at once: 

• Downstream neighbours, 

• Police; 
• Local government bodies 

Advise that you cannot do anything and need help. 

3. Where major flooding is expected or in progress upstream of the dam site, then inform 

the following: 

• Downstream neighbours 

• Local government bodies; 

• Police; 

9.4 Emergency Checklist 

Addressing an emergency situation could require many people and organizations to be 

informed at the earliest opportunity. Keep in mind that preservation of human life must 

always have first priority. A Contact list should be prepared and kept accessible and up to 

date. 

A ' Dam Safety Emergency Plan' that may be useful and can be hung on the wall near the 

telephone. It provides procedures to follow in the event of certain circumstances occurring 

and therefore allows response by persons not fully familiar with dam safety procedures. 

Contact Organizations for Advice 

There are a number of potential problems that may threaten the safety of a small dam. 

These can be expensive to remedy. Consequently, it is imperative that dam owners seek 
advice from an expert when in doubt. In the event of a problem on a dam, Regional and 

Woreda Water Bureaus and non government organizations may be able to provide advice 

or' a service. 

In any particular area the best advice can usually be obtained from a consulting engineer with 

local experience in design, construction, maintenance and repair of dams. Many consulting 
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engineers in general practice, wfll nOt hav-e _an -appr9priate background in"· ·ialT,,',",il 
,knowledge is usually the best ,Buide to firms or i_ndtviduals with good. tr~l( re<,,\,~~ •. !~ 
areas. 

10 Removal or. Decommissioning of Il:l)am 

Removal. of a dam, or decommis~jbning which ~as.' thci .$arne effect as ren*~::~11~;'~ 
'because the dam has oudived its' u-sl!fulness-, or it- requrre'$. sa(ety w9rf<$ V'I 

cannot afford or which render uneconomic the opera:tlon associated with the 

An own;;:r cannot simply ~_~fk:away from a darn ~qiuse it is of no furth~r_.' ''';<lfl 
costly to manage or ,rehabilitate, lnstead, the >dam' -·mus.t be either- _." .rii;.r~ 

.decom.:missioned. In either- ,c_as;e:, it sJ:,ould- -be mad¢--i~"pab!e ~f storing. "~~~ij~~~1 
-'temporarily or pe-rrnanentIY. ',Decommisslo'n-ing oth~r'-_~tI'an _by removal is Ii 

bre<lching: one or ri1~re :section~ of the :d~ro:wall or' em,f)an-kment, 

The dam owner is still r¢spomib1e for en~uring, th~ :saf-et¥ of residents and- ,j,'"." ti"'[P/l; 
-downstream, and of th-e dam, itself while it is in the proc¢ss of 
decommissioneq" and -in4efinItely <i:fterwards if i.t JS not removed hut" d~I;o!!frI!,ij 
Removal or decommissioning of a dam is not witho,lIt itS 'pr-oblems,.' and th(,tlg~·~~ 

, -given to the following: 

• Has an asse~sment been made of the costs asso(tia-ted with the tefl10V~n ' 

• Wit~ the proposed works elimiMte any f'tlture. :pperatioh. 'main(ehance:. ,. fitv'~f 
re:medfal work? 

• 'Can the unbreacheG' sections. if any. be te-ft,to -'permanentIy stable cW,d;,;""" .. 

• Is th_e, proposed br~ach ~Jd'_~ ~n011gh n,oJ 'tQ jmpQun'q ,·S ign;fjc.nl:q'"'(I1:iJ;i~.,m .. 'lI 
und,cr flood cooditlb(lS~- Has Jhe sHo,rt and 'iong~~erm stability I)f , .• J'lr,'~' 

deposits wIthin the reservoir area been cohside'red before cornm'''!''Cii~~~'r\;'~ 
breaching operat(on?" 

• , 15 th-e- breacrung proc_~s$, a1!.ceptabie -from s~fe"ty,"and dam~ge perrspecl~,.h;~~(~:'J 
dam'and downstre_am~ 

Envlron~enta! aspects downstream must aisp, be -considered before a dan)' if;~i'li~'!Ii 
-Sijtat)on;sedimen~ rransPQ-rt Dr erosion'_caus~,d ,as.-~ r~sujt-'of'_~ •. I:ornm,i" ~·';Qn'in!i(li\ildl> 
_~ liahHI~ on, the '?al":fI Qwner.,-It should be noted tba~ t;h~ £9$t;,pf r~ndering 
',no further USE:, ~e (particu!a,rly>against storm,andjfoo-q events)'¢outd b,e'. c ;~~~~~ 

,- ,any"d.rt1 'b~Ing:-d~f!Qmmi~sjpned .. or breached, profs$iQoot :e_tlgif:)'e~dng and; 

advic~,$hQuld be ~~tained. 

10.1 Rebabilitation of Site 

-A dan;" breath- that o.re,s-uits in some -portion of the dam wail b~ng left in - -

J1eCe$~~~l{k~~ci¢Hi_action. -This- is tie,aus'e ahy,ilb-w:-Qhstr_l,:iI;tion- elf¢ct 
• ,," " , " '0 ' 

~n ob$.ia"c~ ~orn~red ,tQ th-e,-natural waterway,cha("a~teristics. . . 

It w:(,-uli-J be_iiifflci::lh ,to defend due diIJgence w;here a flood '~yent erflQes the rerna.ini!, 
-, s!rut;tiJre 'and' resu~s' in a, su'iid~n rete"$~ ,_of wat1!lf:,;-or mud: no~s 'that ca"tSe"",~J~· 
dama~ to pr,6'pert:y bt the ~nvlro-nment, , 



The site should be reinstated and revegetated to a stable condition. Care should be taken to 

make sure that no material (usually silt) can be washed downstream or affect other dams. 
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Appendix A: Technical Terms Definitions 

Abutment The natural ground formation between the base of the dam and its crest. 

The natural material below the excavation sulface and in the immediate surrounding 

formation above the normal river level or flood plain against which the ends of the 

dam are placed. 

Acceptable Risk .., The level of risk (the combination of the probability and the 

consequence of a specified hazardous cycnt)which the public are prepared to accept 

without further management. Acceptability of risk may be reflected in government 

regulations. 

Appurtenant Works Includes, but are not limited to, such structures as spillways, 

either in or beside the dam and its rim; low level outlet works and water conduits 

such as tunnels, pipelines, either through the dam or its abutments. 

Base of Dam The area of the lowest part of the dam resting on the foundation 

excluding the abutments. It excludes isolated pockets of excavation which are not 

representative of the base extending from heel to toe. 

Beaching Rock placed to dissipate the erosive force of waves on banks. The term 

can mean dumped or hand placed rock, usually located on a prepared bed of gravel 

size material. 

Catchment The area of land drained by the landform, streams or waterways down 

to the point at which the dam is located. 

Consequences of dam failure Impact areas downstream as well as upstream of 

the dam resulting from failure of the dam or its appurtenances. The result of a dam 

failure in terms of loss of life and damage to property and/or services, as well as 

economic and environmental damage. 

Contractor/constructor For the purpose of this document, a person employed to 

carry out construction works in accordance with plans and specifications in the 
construction of a dam. 

Criteria: This term refers to the numerical values or other standards adopted by 

the world-wide dam industry for aspects of dam design and per,formance. It is 

important to note that technological advances or empirical evidence may lead to 

criteria changing with time. 

Crest of Dam Used to denote the top level of a dam wall or embankment (not the 

spillway level). The uppermost surface of the dam proper, excluding parapets, 
handrails etc. 

Cut-off An impervious barrier of material to prevent seepage flows through or 

beneath a dam. It is also used to prevent seepage flow along structures such as 
pipelines or spillways. 
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Dam: A structur.e, ma'n made or ~tea~d '1"~jUrally, togeth~r- witM· a PP"I'f1~~~! 
which wiH withhold <l,b9dy of water, or oihei fluids.. 

DaniS engine'~f A prpfe,ssiona~ e~ineer-, W;h6 is',_sul.~ty-quaHfied'an,~r~~.'?t!!I!$1 

the engine,ering profes$~of\ --as _experienced il1"'m~ ~r:'lgineeri(1g of drum, C,,~i~<¥! 
undertake some or af(Q{the 'investigation, t:I~il~n, ({o,~~tfuction ,ul'e .. vl.Slon"t1~t:m 
remedial work, operational) maintenance, ant}--abandonment .«:ivi':iol: "~'#l1!l 
dams. 

,Pam FaiJu're In ~ms, _ of structural Jnt~ity. the: .unc.ontI"OHed,' '·r· .1"", ",1:\, 
c-ontents of a reservoir -through coflapse of, thi(! '«am or some 'part:01 it. 
performance to fulfi,l! its: j.~tended fun~tio-n, _ the inatJtijty of a' dam to p. OM'''' r""~ 
-such as water $upply;,:preventi_on of e}(,~s,s1vt!:::$.e:~p'ageJ. etc. 

and property, downstre.ar:n. 

Decommi .. lori<!d· ""m . Means a dam that is no longer used but i)astreen .. ""'"',,,,, 
so that there.,is"nOi,re:quifement for operation'Or- ,main-oorian,e and it-d· ""soot~ij 
a detrimental,"ltFect oM,the ~nvironment. 

D<!sign Flood The. mfui;inium flood for which.the drun is, de:.iw,e.<I "'1'irljU1'!t<>::~ 
'me' cons~uence$ oJ fai1ure and tlj(ely rainfall. ': 

. plspersi~ ~Iay .. A clay .. soi, which has the prop;>flY of the ini':ro .. parti<;'~;J\ 
, , __ ap~rt (Qf di,s~er$ing) jil J:;o'ntact with water In,~~rtaiJ1--Crrcumstaf:1C~;: S. ud,ciliv1o, 

s~cial clifftt~t!es a~ ,(iahgers< for ,tie!>!gn., ¢of1~tr4Jc,ti9n and, QP¢ra~ion 'oJea!'lI!, 
th~y are inc-orporatcQ In ,th~ enlbankment "or, {~tlndatron. 

'Emi),an.loy.e;nt An earth _structure budt acrpss a:w-aterway .to"either i' .. rOl~:;t'I~ 
I'lid from in~ndation byfloodlng:orto 'tote .""I<>",ltat$o apPlieS 14 ~., Ifti:ntr<ii\1 
'biJ~lt to co-tltain water·offa waterway, 

Emetgoo,:y: In terms of dam operation, ~ny conditIon Whic~ dc',el,,,,,,n'lWtl 
",uT\~xpect(;:dlY~_ e~d~~ge!S -thE: ~ntegrity of ~ .'qam a1'i~ dOWnstream- "'. '''' ..• '') 

-- and· r~quir~s -~mmediate action. 

: 'Er'rier:gen~::plan"ing Having t~e capability of_~spon~lng' _to a 'poter'tfaLo,ei~! 
,dam f~lur~. 

Environmer1tal cOM1eque ... ~ces The assessabf¢' consequences of '1 ',<liIl"l~aGI!;'" 
the_ environment. 

/~xtre:ll'\e'--$~nt An event -such as flood. St'l,lfrr'!, or e~'ake -~h"t·ljI\S .••• 
" -, :fU·-9b~bility ¢i~corring'but is' considered- Pd~.t~!'~ a~d :its p~te,ryti~l for .. 'C.E!l ... \ "~"~ 
, >the. design' of dam componer\ts~ It is U$U,;;\ty: ~xpie'Ssed a~ Annuaf.···[··:~~~ 
," ,Pr#bability; b't:ing the chances of it occurring in 'iu,y one yeaf'. 



Foundation The material of the valley floor and abutments on which the dam is 

constructed. 

Freeboal"d The vertical distance between the spillway crest level and the top of the 

dam (crest). 

Full Supply Level (FSL) The maximum normal operating level of a reservoir, as 
distinct from flood surcharge. This is also the level of the spillway crest when water is 
just about to pass through the spillway. 

Hazard: This term is used to describe a source of potential harm or a situation 
with a potential to cause loss. Factors such as earthquakes, floods, and possible 
deficiencies in the dam or its foundations, which may lead to unsafe behaviour of the 

dam can be considered hazards. Unsafe behaviour may result in the Potential Impact 
being realized. 

Hazardous dam A dam is hazardous if, because of its size and/or location, could 
pose a threat to life, property or the environment, if it were to fail. 

Height of Dam The difference in level between the natural surface level, bed of a 
gully, stream or waterway at the downstream toe of the dam and the crest. 

Impervious Describes a relatively waterproof soil such as clay through which water 

percolates very slowly making it suitable as a water barrier. 

Impermeability Describes property of a soil such as clay through which water 
percolates very slowly. 

Infrastructure Includes roads, bridges, water supply systems, waste water systems, 
recreation facilities and other community investments. 

Inspection An examination of a dam in accordance with a given Dam Safety 
Guidelines. 

Interim Diversion Limit 
harvestable catchment 

A means for estimating the water available for 

Maintenance Actions reqUired to maintain existing works and systems (civil, 
hydrauliC, mechanical and electrical,) in a safe and functional condition. 

Monitoring Recording of data from measuring devices and visual observations to 
check the performance and behavioural trends of a dam and appurtenant structures. 

Optimum Moisture Content This is the moisture content of earthen material 
with suitable clay content at which the best compaction can be easily achieved. (This is 
the general meaning. In the case of a particular soil, the Optimum Moisture Content is 
defined by a special standard laboratory test). 

Organic Material Silt or clay containing plant remains. It has low bearing capacity 
and is compressible when it rots. 
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Outlet Works The ccfTl!biITation of scr~~n:I:)ru:a:J<;e- ~tl'tl<Orur'e,;'9!'d,lit;'MlIl!,If;( 
valves ~nd meters 'tha~ permit contr~l!ed r~j~as~ of Water from the dam.' , 

,Owner .. Person or I~ga_t person, inCludjhg. ~ •. , ,,,hnp;UlY •.. org"nj".tiQn" .. g<'~I1,,,i:u\i~ 

pub!l.c utility, corpor~tiQD or o_ther entity.- " hold,$- a1:;:i.:~'!~~~ 
operate a dam 9r ,retains the legat 'propeity title on the: dam 'si'te~_ 

reseI"Voir, and which.f~-_re~sponsibt~ for the_:;af~!"t}t{'-f tfte dam. 

PerrneabHity Prop.erty of a ~QH tbat aU9ws_ the- movement of wat~W,_ 
connecting pore s,paccs. 

Piping E,u,blf,hment ",r a ,eepage path thfG\lghanearthen omb.hkm~rit 
erbsion material. caus'ed:by the flow -Of wAre!'.' 

Potential ImpiJc::t: l'p,tential Impact Is, related 'to- the cOin",q".n".'(~.ff#<,,*) 
dam,failing, if it should rel~a~e its storecl.c;ol'\tel1u:.if-A,dam is aSSes.sed-'as,' 
Potential Impact, it does ,not mean that th-e,: darn.-is unsafe. ~fldeed'-,.'."!~" 

Impact dam shoujd'_'have~a higher level of .s-afet}"than 'other_dams.-

Rem~dial Work The Work required to r~it, str""g\hen. r ... cpr1StI'ub,. ~nl1!' 
modify' an exi$ti.ns. da,m.~,appurtl2n"n~ worKS •. :fo.imclatfQns. abutmen~ ". :C':'" 
area to provide an adeq:u~te'marg!n olsafety. 

R'eservoir A dam- or an artificial iake._paod or "basIn for s.tora:g-e",r~~';!SiI: 

cO,ntro! of water, slit, debris"or other IiqUi'd 'or liqutQ·~'carried material. 

,Reservoir Capacity The total storage capacity"of_,the reserVoir 'Of" dal\'l)lP'(.~ .• 
S"pply Level (not l1j>to flood tevol), 

Regul"tory Agenc:yJSJlpervi.;ngbody"r.Authority ;; ;a,,:~~:;;';J~~ 
department, ~ffi~~ or ~th~r ,unit of th.e Fe(j~taJ ·ot ,Regional 'g 

law with the respohsibHity, for the' general sliperviii;io,n, of the safe de"ii'~ <""'til 
and operation of: dains and reservo-irs, as w~H as a,ny:,entity to- whkh .ILor.p;u~ 

_ ex~sutlye 9f op-eratjOila:r~ks and fu~ctiot)s .. h~~~,:bt!e!1 ~ei~~~ted, btl"8i • .t/i',?:~!~f, 

"See,page The exit 'of reservoir water by p-ercol~tlon through, uride-r or :fficiiJi 
dam. 

': SpU-lway An.ope'n chann:el, vleir. cOhduit, 'tVrii1ef o(jth~r structut"d"'\ijl1ljil.1(Q. 
discharges from the~ 4am: w-hen water levels ,ttse"above the 'fult- ,S"I'f.'IYI~'¢I' 
tlow'-dO-'JNnst,_eam of, the, tQe of the dam. Ttl~,',SpjlfWar--_i$. ,principaily ,t6.<ii,illhOf,! 
flows safe~y :past ?- dam -without overtopping the:'-'effibankment 

.... ~iIlwl\y :chlit" .Anipcll,wd ,"pen chan"';>" through. whiCh .wac'" '~.' oVi •. ~~ ~":~ 
;" ~ek),w' the' tOe ol th~ i:iarrl, SlJrface ,maY be ,grits; t~trete or bca~l't::d: . 

'~, Spillway: Crest' Usu:\tiy' the highest section: ,fl~'f In, -cne:-spillway cut,' '·~·/~';ft''''''!j!" 
': revel' of rl1~ storage, 



Surveillance The continuing examination of the condition of a dam and monitoring 
procedures in order to determine whether a deficient trend is developing or appears 

likely to develop. 

Tailwater level ~Level of water in the discharge channel immediately downstream of 

a dam. 

Toe of dam -Junction of the downstream (or upstream) face of dam with the ground 
surface (foundation). Sometimes "heel" is used to define the upstream toe of a 
concrete gravity dam. 

Top of Dam (Crest) The elevation of the uppermost surface of the dam proper 

not taking into account any camber allowed for settlement or kerbs, parapets, 
guardrails or other structures that are not a part of the main water rctaining 

structure. This elevation is usually the roadway or walkway. 

Waterway/water course A term for any river, creek, stream, or watercourse and 

a natural channel in which water regularly flows but not necessarily continuously and a 
channel resulting from the alteration or relocation of a waterway. 

Waterway with high ccological A wetland or marsh; or values a waterway with 

remnant native vegetation (either in-stream or riparian); or a waterway known to 
support flora and fauna of conservation significance. 
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Appen<lil(B : C"ec,~Ji$t.{()rsiteinvestl~rI 

• Topography ~ 

Flat, g¢ntly undulating,n,IHng, sharp bills,. fn<)un.tains, difference b.l:W".".·~ 
. . . 

lowes-t areas 

• Sharp preaks in topography ~ . , ,- -, 

Ridges, canyons, depressions 

• _Surf~c¢ soil -

L-oose, hard, moist -or dry, bouiders 'and --sr:~_¥ei, (~qat~red Qr In Z"in~'i),~i~iI;~ 
:'- organic. matter 

• Ro¢k _ outcrcps .,-

Surface~- highway and railroad cuts. hmsi-oe5~ weathered and -unweatMr:-ed 

• DrahJage,p~ern­

: Dendritic, lattice, pa~aJl~I;- wa,ter gaps, wate~Jt.$;,~lreFtion of primary dt~_l~,a~~,-·.--' 

• Surface water ..,.. 

Stream, seasonal Or peren-nia,1. fh,let.uatlonS't ~QOd5, Jakes, marshes, diS'II'I'''''ilili\li~ 

• Ground water '"C" 

, WeBs, seep$, springs. artesian wells 

., EroSion-

,Severe Qr- moderate. U- -or V.- shape~ cross section, steep or gently sk,pil~,lJei 
, gullies 

,i;j.':::: 
'fl' -- ·Cultl~t~,otbarr"n"lYP" "Nrw"r VW'tatidn, good or poor quality 

~: Existing :structut~; recollection,$" ~f, ¢!d t:'esid,:01;s c _. " - _ 



Appendix C: check sheet to guide a review of a dam design 

The design of a dam will differ greatly depending on the type of dam, local geology. typc of 

impoundment, size of structure, seismic zone, downstream hazard, upstream conditions etc. 

This is an example of the check sheet that Engineers uses to guide a review of a dam design. 

Not all components are applicable to all dams, but it gives the design engineer an idea of 

what will be under review. Ultimately the dam designer and owner arc responsible for 

constructing and operating a safe structure and the review process in no way creates a 
warranty for the adequacy of the design. Some analyses (although not all inclusive) that could 

be parts of a dam design are as follows: 

I. Stability Analysis - Many times this is included in the geotechnical report 

o Loading Condition with acceptable factor of safety : 

o End of Construction (static) 

o Steady State Seepage 

o Rapid Draw Down 

o Seismic 

2. Foundation suitability 

o liquefaction potential 

o Ability to support the load/settlement 

o Fault traces or bedrock fractures 

o Horizontally contiguous zones of high permeability, etc. 

3. Embankment settlement 

o Seepage Analysis - flow net, numeric analysis, etc. 

o Sediment Transport - as it relates to inflow of sediment into the reservoir or 

scouring and deposition downstream. 

4. Material properties 

o Susceptibility to alkali-aggregate reaction 

o Dispersive soils 

o Filter compatibility between zones 

S. Describe the drainage area 

6. Extreme events 

o Flooding 

• 
• 
• 

Storm choice design discharges. 

Runoff calculation methodology 

Flood routing through the reservoir 
o Earthquake 

o Stability analysis - especially for liquefaction 

o Deformation analysis 

7. Embankment slopes 

8. Elevation/discharge relationships 

9. Curves showing elevation/discharge relationships for all outlets and spillways 
10. Dam break/overtopping analysis 

64IP.l,~(' 
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Might be necessary for development of an EAP 
Inundation mapping 

o· Time to wave front 



Appendix D: Common Problems in and around dams and Solutions 

Introduction 

The following information is presented to help the dam owner identify problems that could 

arise in and around dams and are likely to cause them to fail. The possible cause and 

concerns or potential consequences are also indicated, and appropriate action 

recommended. 

A number of the conditions described in the following tables can be corrected by routine 

and periodic maintenance by the owner. However, significant proportions of the conditions 

which are identified herein threaten the safety and integrity of the dam and require the 

attention of an experienced professional engineer. 

Quick, corrective action applied to conditions requiring attention will promote the safety 

and extend the useful life of the dam, while possibly preventing costly future repairs. It 

should be noted that it is not possible to cover in this appendix all the problems that might 

arise, Only the most commonly experienced ones are included, 

As a general rule, if the owner has any concerns at all he should get help from an 

experienced professional engineer, 

Note: 'experienced profeSSional engineer' means an engineer who is qualified profeSSionally 

and who is experienced expliCitly in dam design and construction for the relevant type of 

dam. Experience in construction only is not considered appropriate, Note that even among 

professional civil engineers, most practitioners are not experienced in dams, which is a 

specialist area. 

Reference: 

Materials for this section are taken from the following publication: Inspection of small dams, 
Alberta Environmental Protection, 1998. 



1 

.67.jP,,-gc 

" qo~er,ps: " 
-' ,1, The' -slide or slough '''''''d bfil11k::,"~d 
i cilltiet 

, 

2. Waves celJ$ed by a 
"f:}mb:aofQnent. ; 

~au$es: ._' r:' T def;:dutfing. 
2_ t1eavY'-funoff 

,O:ebJ'i~' and fleating !Og,8 
10",1.1 

Rec.<nnmondcd action: 
'f i:ii>~~"1h'en-Y 



2 Crest problems 
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LONGITUDINAL CRACKS 

I .~~, i ,~--.--
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Causes: 
1 The main cause is inadequate drainage of the crest 

allowing water to sland. 
2. Vehicle crossing when surface IS soft or wet. 

Concerns: 
1. Allows standing water to collect and saturate the 
crest 
2. Vehicles crossing the crest can get stuck causing 
further damage. 

Recommended action: 
1 Re-grade and re-compact crest to original elevation 
with a slope toward the upstream slope. 
2. Provide surface resistance to rutting by adding 
gravel 

1---- ___ ---------1 

, Causes: 
I 

1 Uneven 
foundation. 

settlement within the embankment or ! 

I

I 2, Slope instability 

Concerns: 
1. Provides an entry point for surface water which can 
promote movement 
2 Can reduce the effective crest width. 

Recommended action: 
1 An engineer should determine the cause of the 
crack and recommend a course of action. 
2. The crack(s) should be e)(cavated and backfilled 
with compacted material to prevent seepage. 
3. Area should be closely monitored for future 
movement. 

I Cause., 
,1 Uneven movement between two adjacent 

segments of the embankment 
2. Instability of the embankment or foundation 

Concerns: 
1 Provides an entry point for suriace water 
2. May create a seepage path from the reservoir and 
a potential piping failure. 

Recommended action: 
1. An engineer should determine the cause of the 
crack and recommend a course of action. 
2. The crack(s) should be excavated and backfilled 
with compacted material to prevent seepage. 
3. Area should be closely monitored for future 
movement. 

, 

I 
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LARGE CRACKS r-
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--------, 
Causes: 
1 Wave action 
2, Poor quality riprap 

3. Same size rock, leaving gaps which allow waves to 

erode underlYing material. 
4. over steepness of upstream slope 

Concerns: 
1 Allow increasing erosion which can reduce the 

, width and height of the embankment. 

Recommended action: 
1 Repair erosion damage, 
2. Re-establish adequate slope protection with 
underlying filter bed 

3 An engineer should determine the cause and 
recommend further actions 10 be taken 

Causes: 

1. Slope instability. 
2. Differential settlement. 

Concerns: 

1. Almost always precedes a slope failure or large 
SCl'lle settlement. 

Recommended action: 
1 The reservoir should be drawn down_ 
2. The engineer should determine the cause and 
recommend a course of action. 

"LlULY~~ __ ----=1~~us.s 
r-- __ ......- " " A foundation failure 

-~ , 
"'---. 

-' 
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2. Too steep a slope. 
3 A rapid draw down of the reservoir. 

Concerns: 
Can lead to a failure of the dam 

2. Slide debris can block low level outlets_ 

Recommended action: 
1 Draw the reservoir down, Should advise affected 
downstream owners who would be affected by 
releases. 
2. The engineer should determine the cause and 
recommend a course of action. 
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WET AHEAS/SEEPAGE 

CAVE IN/COLLAPSE -----------
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Causes: 

1 Seepage through the embankment or undp.r the 
foundation. 
2. 8uriace water entering through cracks or animal 
burrows 

Concerns: 
1 Creates slope instability which can lead to a failure. 
2. Indicates the possibility of a piping failure 

Recommended action: 

1

1. The outflow should be examined for dirty water - an 
indication that piping may be occurring. 
2 The area and flow should be monitored and the 
reservOir drawn down if flows increase. 
3. An engineer should assess the situation and 
recommend a course of action. 
4. Consult an Engineer Immediately if flow volume 
increases or dirty water is present 

Causes: 

1. Poor compaction dUling construction 
2. Internal erosion { piping through the embankment 
or foundation 
3. Animal burrowing 

Concerns: 
1 Can cause increased seepage 
2. Indicates a potential failure. 

I 

1 

Recommended action: 
1. Monitor the area for change. 
2. An engineer should determine 
recommend a course of action. 

the cause and i 
, 

I 

Causes: -l 
Livestock traffic 

2. Suriace runoff. 

Concerns: 
Encourages further erosion. 

Recommended action: 
1. Re-grade slope and sow a cover crop. 
2 Keep livestock away from the embankment. 
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PIPING /SEEPAGE ALONG OUTLET 

CONDUIT IN POOR CONDITION 

~~--···············-······r 

I 

Crack 

, 

Hole 

8 Spillway problems 

--1 Causes: 
1 A break in the oullet pipe. 
2. A path for flow has developed along the outside of 
the outlet pipe. (poor construction)_ 

Concerns: 
1 Continued flows can lead to rapid erosion of I 

embankment materials and failure of the dam 

Recommended action: 
Thoroughly investigate the area by probing 10 see 

if the Cause can be determined 
2. Determine if leakage water is carrying soli 
particles. 
3_ Determine quantity of flow 
4_ If flow increases or is carrying embankment 
materials. dam water level should be lowered until 
leakage stops. 
5_ A qualified engineer should inspect the condition, 
_and recommend further actions t?_ be taken I 
Causes: I 
1 Rust. 
2_ JOint separation. 
3. settlement or poor construction practice 

Concerns: 
1 May lead to serious internal erosion and a possible 
piping failure 
2 excessive seepage, possible internal erosion 

Recommended action: 

1. Check for evidence of water either entering or 
eXiting pipe at crack! hole/etc. 
2 Tap pipe III vicinity of damaged area, listening for 
hollow sound that shows a void has formed along the 
outside of the conduit 
3. If there is any suspicion at all of a progressive 
failure, request urgent engineering advice. 
4.lnstall upstream valve to Isolate pipeline and enable 
inspections 

: 5 An engineer should determine the cause and 

j r_ecommend a course of action. 
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BURROWING ANIMAL ACTIVITY Cause: 

----.......,,, 
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1. Burrowing animals. 

Concerns: 
Can weaken the embankment. 

2. Can cause a piping failure_ 

Recommended action: 
1. Control rodents_ 
2. Remove favorable habitat conditions 
3_ Backfill rodent burrows with compacted fill. 

-----======-
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Appendix E:Condu(~ngan Inspection 
. .. 

To be able to conduct a ttiorough--ll1sp:ec;ti9n O()iour'9W~ £lam -you may _ 
_ experienced engineer who ¥.lUi ,provjde a good insight ,rntGLwhat you 'h,~uld.lie.l 
and how to go abou,t-lt. 'Thls:,would-provide a--pr9c_~~-t(r~_~'Sp-ecific ,to-'YQur _ _ " 

material is provided for youri~£c?rrriation"to aS$is_t-h-{:~~6rm~~gJnspettt()~_ -' 

The purpose of an ihspeet!oA' as _part of.dam's -~af~~y. ~,(V"e:ijlance i& to tho,nitorl>ei 
in such a way as to ena,hle ,ea'r/Y- diagnosis of potenii~tprQblem~. As m~cilti,,!,\ed}'n; 
this includes such things l$ flOtlng whore cra-cks· ~_;;t~k~g~> tt~~: forrn~d· a ,n~ ,rt.~ 
,there is any deterioration. ,,,,nd, how fa~~ or sl0vvty)ha,t m~ybe, oc<:utrJng, 

monitoring to be reHable) and --to--fa_cmtat~ the kee-pIngc,6(rec"Orfis. ,it is e~'i~;::;;~~~ 
both a plan of the dam. and .a';_s~_ of refere,f}ce p-~~: rel~tiye to whiCh 
observation or trouble spot can be pinpointed_ and ,re:cotctee. 

, The degree; of sophjsticati9n:6~"i:he plan ana _of the ,tef~~~# peg sy_stem wilt :,,' " , ' 
size of the :dam, its typ~' an~ its: ,potentia! ha~ar~ category, and advice ,h"uhdl:.,.· 
this. first. Howevcr, 'as a bate, minimum, Irrespective Of -size of ~~, 
established at 'least one. key r~ference peg ,(thE! 'pr:_\ma~y re~rence peg) ~t.. o· '~,~ .• ~ 
dam. Roo'le~nber -that'recording oJ locations -wilt- ~~d:,~to convey-- the ,~eve~ ll"'!ltl> 
lo'~tion as ;well a,the dj~taw,e <!long .the <lath1engih. It i.s; preferaPly ,0· ~~~;!I~~ 
dose to th~ dam crest fevelJ but securely -in place '~cft:hat it can be:, readily' 1 

it is unlikely to be knock~d out, or broken by p_er-sp~s', '~ehjcJes', plant ~r: ~.g!!~J 
secondary ~eferenc~ peg, sho,\Jld- bf; located efsewhhre: "as a-lhickup, pt"fe'~l>ly~~ 
end of the pam, with the,ci.istti,n,!:'e,aw'J'I from the pt--trnary. peg,:and any'd.iff",~~ 
being measured and recor'de~i If the 'dam -creSt "li,.not;: straight; or if there,: 
.bout ,hi'procedure, pm/ossiOri.laclvi.ceshpufd .. be sOt/gilt: Wi,h ·Iar,&.' 'd"il!i!',:IIf' 
dassifled as potentiatly ,hazardous, ~ore sop:nisti¢at~ ,arra~gernents may' 

required, but for small afld sil'hpie, dams it'-is not -e-s.$~ntral that the po.,ition al1<ij~~,~.· 
_referencee peg(s.) be precis-ely. de-flfled by a land su'rveyor~ Similarly for. U"''''~''!'' 
plan of the: dam may not -neei:J to be '- precisely to' ':~ca,~, biJt 'there shouEt 
rte:tiable, means of as-certaining -the height leve! of ~'~y ob'servation made ancf th"4i~1!fC 
from the- pr~mary rqrerencl'!' peg; 

Equipment lor inspti!:¢tlon-

The following- items are IJsefuf wh.:en conducting an_inspection: 

• Dam inspection- check'ii,S! - a- reminder of'iw'ms t6:be ex.arriin'ed; 

• NO~PQQk or diary ;;.oa -pend!' ~ to wrj~e: d~ ,obServations at 'the t·i iin,~,~", 

mad~,' thus re:dvc;ing m~kes and avoidjt:lg"rofi~~c;e;Gn -ths'memory; 

• CamcJ:'a, - to proyidfb photographs of obs,srWd. ;fi~Jd -coridit:iof')s,· ( :0101' 

take~ from tha s~m¢, __ :¥4J.1lag:e PQint~ i),r¢ i~!~abf~ 'in cpmparing P""u""",! 
-<;on'ditions; , 

.' Sho_vel - useful for deati~-,drain outfalls and- r.e~oying debris,; 

'., Stak~s and tape ~ ,used t6- mark a~eas requirirlg f1.}tu~ attention and-

of e~i$ting conditions -sw:.n as wet- areas, cra~: and stumps for~ future ,oo,~ 
Hlh;:, 



• Probe ~ a ten-millimeter diameter by one meter long blunt end metal rod with right 

angle "T" handles at one end. The probe can provide information on conditions 

below the surface such as depth and softness of a saturated area. Soft areas indicate 

poor compaction or saturated material; and 

• Hammer- to test soundness of concrete structures. 

Observations to be recorded 

All measurements and descriptive details that are required to portray an accurate picture of 
the dam's current condition must be recorded. This information falls into three categories: 

• Location - the location of any questionable area or condition must be accurately 
described to allow it to be properly evaluated. The location along the length of the 
dam should be noted, as well as the height above the toe or distance down from the 
dam's crest should also be measured and recorded. The same applies to conditions 
associated with the outlet or spillway; 

• Extent of area - record the length, width and depth or height of any area where a 

suspected problem is found. 

• Descriptive detail - a description of a condition or observation must be given which is 
brief but yet containing all relevant details. Some factors to include are: 

Quantity of seepage from point and area sources; 
Color or quantity of sediment in water; 

Location, length, displacement, and depth of cracks; 

is area moist, wet or saturated~ 

is protective cover adequate (topsoil/grass)? 

is surface drainage satisfactory~ 

do batter slopes look too steep~ 

are there bulges or depressions on the slopes~ 

does deterioration appear to be rapid or slow~ and 

have conditions changed~ (note in what way etc). 

Note: A sketch plan of the dam is a helpful aid to recording observations. It should 
preferably be approximately to scale and the locations of all observations should be indicated 
on it. 

This is not a complete lis.t but serves as an initial guide. If a condition has changed since the 
last inspection, it must be noted; a photograph should also be taken and put in the diary, 

noting the date and a description of the scene shown in the photograph. 

Remember, a primary purpose of the inspection is to pick up changes which have occurred 
since the previous inspection, and that if a situation looks as if it is worsening or otherwise 
causes concern the owner should not hesitate to get professional help. 

A typical form of checklist for noting defects and keeping long term records of behaviors is 
given below. 

781~"R' 
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Dam inspection c!)ecklist f(>f"Emba:nkment da,m 

Date: ... , .. 1 .•..•• 1 •.••.•.•. 

Dam Name ..........•.......... 

Areas of dam 

Upstream 

Slope 

Seepage. 

Outlet .' 

SpillWl\Y· 

Items to address 

• 
• Urtifdrmity 

• Oi$p~acemcl1t$. bulg0$,'-depreSSions 

• 
• 

• C~nges in condition 

• 5tO.CK <lamage 
.. 
• EXt~iit of area 
• Charactehstics of area (ie, _ soft, 

boW,flrm) 
• Q(iar'ttitz an.d color 

:", . , 

• T ransponed or d~po~it@ ti1~teri~1 
• Spring a~tivity -or Bolts 
• Pi~ing -and' tunn~1 erosioh---" 
.. Cnang.s in -

• Operation 

• L~~ka~e 

• DOWMtreaf'(l erosion 

I 

• ' Gate Valve operation! . condition! 

• 
protection 

• SpHlway obstr'ucti¢ns 

• Erosion or 

Observationst 
. from 



Dam inspection checklist for Concrete Gravity dam 

Date: ...... I ..•.•. , ....... .. 

Owner: ____ ~ _____ Location: 

Dam Name ................... .. 

r --.~~ 

, Areas of dam Items to address/check 

--~--.-"D;-e-t-eriorat-~-;d-;j-o~in-:t-s----­

Cracking/Spalling ! Upstream 

i 
• 

! Face 1-. Deteriorated joints 

, • Cracking!Spalling Crest 

I' • Poor alignment 

~-o-wn~tr~a:--+:·-~~-:;a-t:::~~;:;-:-:I-:I~~-:~-:n-ts------
Face • Seepage 

i Abutments 

Toe 

~--------

! Gallery 
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T 

Observations! Change 
from last inspection 

I 

l 
~~~~~I 
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Inspcctton Procedutes 

Getting the most out of an-inspection requires some -preparatory work 

Figure ,J Suu,ssive pi1$Jes 

• The pre ..... ious diary entries should Q-e revi.e~ed "first' to note any ~r"~' •.•. Y'f~~ 
require speclal;attenti9r1; and 

• If the pu~pQSc of ,the ~spettion I.S to. _-re\~:~vaJlJat~' susp~t.ted defect;",~i;9ii! 
discovered duri:(l& the.,t~t-inspec,tion, any,ava~aefe, co.nstruction; d· r: Mi~~;i~~ 
be_ ex~mined for' a ~~t'bJ~ ttXptanati~n ()(~,-:sJ.tvatiO_n:( bu~ do .nO<510O< 

professional advice ,if the' is any doubt or amb-J$-Uitt in the -situation) . 
.• '" 

,To ,obtain the b-est results and alio-w (or c;onsistent r~~::wding,:o(findings, n·; jsb~~;I9.'~ 
,specific: sequence when maRlriff ~be inspection, s'tich-,as: 

'. Ups~ream slope; 
• Crest (Top of Bank); 

• Downstream slope; 

• Any seepage areas; 

',. Outl,et; and 

,. Spillway. 

:This wrIt lessen the 'chance of an Important. conditl-O:tf"bdng- ¢:wedooked, It ,is:·. b :?';:'~~~ 
"jnsp~c:tion results iri:tne same~&e,q~el'lc,~ to:66$in :c~~$~~,nt' r~coid$-, '-

,'- -- , -. -, 

_the inspection is-conduct,ed-by watking along and ,over, the d;urI'as many time.s:,:, , ' " , 

~o see ~v-ery square;m,e,ter. frQfn ,any_given spot_a-'pers,oo (::at) \JsuaHy obtain a 
}or"a' c!istan<;:e of thr'ee:' to t~n: mete:rs in ea,Ch<dir;f!ctt~I},: de-p¢nd~ng, on 'the s.rr'Q<;l>l\!~lii, 

, ~urfac-e-'br the type of. m~terj~lJ- on ,the surfac.e, ie;',"grass. COI)(r~te.- rock, brUin ••• 
,~isibllf.ty is limttedi more,at~Jltton'i$'n«~~ded'. 

: !: S.lU~¢~5SiYe Pas~s,: 
';'1' 

: 1 -To, cover' extensive '~urra(:es f:Wope-r:ty, s~yeral waJks ,are required (Fig~r~ I). . . . 

:. AdeqUate. coverilg" .an be achieved U;ihg p.""II.l or."gtag path! {Figure I and 2) .... 

,i '0' 

I'" 8J t':P,a:§ c, .. . 

-i 
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Figure 2 Parallel coverage path 

On the downstream slope a zigzag path is recommended to ensure that any defects are 

detected. 

Stop and Look 

At several points on the slope, you should stop and look around through 360 degrees to 

check alignments and to be sure that some important feature of the slope has not been 

overlooked. 

Particular Techniques 

The following is a list of methods that can be used to monitor changes, which will occur over 

a period of time. 

Sighting 

A sighting technique, similar to that used when selecting straight pieces of timber, can be used 
in identifying misalignment as well as high or low areas along a surface. The technique is 

illustrated in Figure 3. 

MAN SIGHTING 
I 

I 
I 

/1 

• 
\ LINE 
\ VIEWING 
\ 
\ 
'I 

~ 
THROUGH EYES 

2 

Figure 3 Sighting techniques 

THROUGH EYES 
J 

The same method can be used to sight along the crest of a dam (see Figure 4). Centre the 
eyes along the line being viewed. Sighting along the line, move from side to side a little to 
view the line from several angles. 



Looking ~hrough a' pair of binoculars wilf. help· to make, any. variations mere 'oQv10us::"-" " 
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Figure 4: Si~tll!g"/o"g crest 

_ 

The probe is pressed into the' ear~hen batter slopes, On the' crest' or at plates "._'":~ .. 
!Conditions beloW the surfu(~ svch 'lS,'.nePth a~d: ~'9ft~s~' of a $atura:~d "aI· -.,.~. 
observed_ Also, by oi>servil)g,h. ",ois,ure brouint'~p on the prohe's ,., ilrfa_i!<!-, 
re.Sistance to pen~tration., i~ .i~·-~a$i$t to' decki,e whetber'a,rrafe:a is saturated. 

Pegging-stake. 

The best way to find out if:the!,e-'ls a leal< is to dleck b:Q-w fi$t w~ter is'. dl$aPi~~i!'!l!& 

storage by marking. the waterHne with a.peg at regul,ar intervals; ,ay, 'weekly. ,-1(1ft'~,~~ 
used for stock or irrigatton, tty JO ,~g',the watedi~~".be'{Qre ,ahd after' 
measuring'staff'ca-n be permarn#itiy'set into the St-o~~.-t¢'·iev~'I'm,,.surEm,,,,·,n!asll!!t\i/ ' 

Measuring iii this ~y i~ ,mu.c!l,-het~er' than sirn.!'1y, g4~$fryg. -A suspec~ed Jeak, Wb.~ 1;\' 

rn~Y' turn OUt to :.~~ dnly. e,VaPQn\t1on \6ss. Ev?'por:a:~~, peT .:day,can (!Mily M fi""," 
and ,sometimes .as,tnu,t;h ~'t!;h.miilimeters in fine •. dry~".WJ!tdY'":<W'.'jditi~rlS . 

. : ~Iidesare Qnan <lil!ieult'o $p!>~be<.~s • .theydpno~.iWilY.proQucereadily no!Jcij':I,' 
, : the surface, Their: appearant.e ,/$. often: subtle. sif)ce, tbe-r:-e, may>' tes$-

, • J' ",,, .,,, .,', ,. - "", '" . , , 
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..•... , tile. ~ih.r.hand,W&.n the d.m"., finished, th.huHdo~r .operat.or may not: Jj.yj}'* 

; graQed i~ 'and in si,J~h, a,'CM.c, the slirface pf the sfope_.may haye an appaf'ertt bu~e ""11~!' 

:' .i' ~h~n in,fact;no ,~I~.~e is"preseot. ,A gQo~"f3.l]lf!~adir Wj~)'4W. th~ ;i~p~ lQ'ik'<fiitij~!~ 
. i 'construction heJj)s,jdendfy ~ny sUdes, 



A method of monitoring surface movement on the upstream or downstream slope is to place 
a straight line of stakes down the slope with a string tape attached to the top of each stake. 

The point at which a slide takes place will cause the uphill stakes to be pulled over, whilst 
those just downhill of the movement would show a slackening of the string tape. 

Noting Changes in Vegetation 

The density or lushness of vegetation can also be an indication of extra moisture at a 
particular location and the possibility of a leak. Probing the area will usually confirm whether 

or not a problem is developing. 

Evaluation of Observations 

The record of observations taken at periodiC inspections is used to develop a mental picture 
of the dam's performance. Accurate measurements payoff here because small changes, which 

could go undetected if simply looked at rather than measured and recorded, will show a 

pattern or trend. 

Immediately following the inspection, the observations should be compared with previous 
records to see if there is any condition, reading. or trend that may indicate a developing 

problem. The owner can then begin to address any potential problem before it becomes a 
threat to the dam. When a significant change is detected, any design draWings for the dam 
should be examined carefully to see if an obvious reason for the change could be found. 

If a questionable change of trend is noted, a professional engineer experienced in the field of 
dam engineering should immediately be engaged to determine if any action, such as increased 

monitoring or detailed investigation of the condition, is required. 

These actions will help ensure the safety, safe operation, and long. useful life of the dam. 



Appendix!": T arm. o. ·f~ofej,e"cl>ifor ·st\l<lyii\f!i:t !I<,~"II ... ign"fa'!lar~.'.·.· 

Terms of I\eferen~e (TOi\) fqr st'ldy and d.etalIO ... ign of a. ""'j!H:.~ 
Consultant 

I. Objective of the Oetl!!." 

To und<rtak. feasibility studies. and lI"'taiI~s.n.works of a d"",S.'.· ... 

structureS--;l _ Project. 

2. Scope of the works 

The scope 'of the .services of JM c'OrysulunCYI during the -development bf~' (j ... ti1 •• ~,~ 
--design shall cOntain" hut nOt~limi-te-d to'the fOHowih_g:--:-':-- --- ---

I) 

ii. 

• 
• 

Topographic Survey 

Reyiew o(pr(ivious relevant st,udies 

T opog~phit::--map' Of the main -dam' ~it~ ,at a,scale ,Dot more than,'J 
a coMqur int~rYat_9f not'mQf'e tha(i'.'Q.Smj:,:$1'}Qwing att'the: - "-
and dOW1\$tream; .right and leftofthe:propo'~d . . 
PIts s~aH be pr~pM~d'- - -

Da~ , $i1:e _Cr65:~:~~ttjo>rn: I b~. ~n~j:t~:d~rt~::i~';:~~:~;'f;~l:lr~~!~i~ prepare<! a~ aSl;;'le of J 
be prepated. 

All tbe requrr¢¢ benci1r(JArks and s.t;\tions.shall be •.• e,::~'is~~.;~ 
feat,ures and sn!lll'~ prppel'ly <Ofln~aed,:,wJth~:e n 
benchmarks'o'f'the-'p'roposed dam $lte: --' -

• T opographl<: Stlf."'ley on tne' reservoir arl:la to an 
cohidur ,ltl~Mr.Ql } m: 

, Hydrolqgy and hydro met .. orologi~al. studies 
" i 

.,.: -CoHet.tion anq re,view,_ of all' ~"ailapte-.:dim~th;: data together Witlhall.~ 
climit6t6gk.a1 reports of the ,area . 

. ,.! Collection and .• nal),Silofali existinll'.hYikologlcal data usi.riiOti,J\i 
Review 'of- aH previous ~idroiogicai ,rep,oqs,'refated, to the .?;,,.~, 

'.,: -Ana,lyze quaUty'of'ool!ected data. ' ,.-
:~i :+jUin'g,'of-afl Jt1lSSfOg- data using standard p~o(:¢dure$, 

, ,~; CO'l'np'ute vario_us frequenCies 6f Stoi'l'tjs., probable maximu-m~·i;. ~~e:~ 
,:' ;, ,f"eleyan:t to ,the de~ign of spiilwaYl." dram-age works' and, <: 
" struCtu-res. 

,. j , Perform ,cHm~tic--sttJdie,$. to-identify-spatial :and-seasonai fluetL'''I"",,!!!f,,! 
variabies, " 

.\" :i- :_ ,'ExtensIon -of. eXistfrtg flow -data to ti~nnj~'e [cng ;'terrn .v,,,~ge'.lI" 
hen(.~ a~-$ess d~~, yieid a,t prClPQ~ed, c:'fatn:: $ftc-. . , , 

... 
:: :', 



iii) 

iv) 

v) 

• 

• 

• 

Sedimentation 

Estimation of the sediment regime and total sediment transport (suspended 
plus bed load) of the river in the project area. 
Study of the proposed reservoirs trapping efficiency, forecasting of dead 
storage volume and the future rate of reduction of the live storage. 

Geology and Geo-technical studies 

Review of previous relevant studies 

• Foundation investigation of dam sites including along the spillway and the 
retaining wall shall be collected. 

• Geological test pit at a reasonable interval depending on the topographic 
feature of the dam sites along the cross section and longitudinal section of the 
site shall be taken. 

• Analyze the geology and tectonic structures of the area and interpret the 
result. 

• Analyze the seismicity and earthquake intensity of the area. 
• Identification and recommendations of appropriate type of foundation 

treatment 
• Perform soil and rock laboratory tests on foundation and construction 

material Conduct resistivity study (for rock fracture analysis overburden 
thickness analysis) 

• The log profile shall indicate clearly the material composition of the 
foundation material, the foundation level, and ground water condition. 

• The project shall also indicate the type and quantity, availability, quality and 
proximity of local construction material, and access road route shall be 
selected, whenever necessary. 

• In addition, all other data considered necessary and relevant for the study 
shall be carried out. 

• 

• 
• 
• 
• 

Geology and Geo-technical design 

Interpretation of geotechnical investigations results and providing appropriate 
recommendations of design parameters for the dam and appurtenant 
structures design. Recommendations will be based on the sUitability of the 
specific formations with respect to the proposed structures. 

Analysis of laboratory test results and sUitability for the intended purpose 

Study and design foundation treatment works 

Reviews analyze all foundation conditions and decide on design parameter. 

Carry out detail design of dam with available construction materials to make 
easy construction work. The detailed design of the embankment dam will 
cover: 

o Review of all geotechnical investigations covering the embankment 
foundations and fill materials, including confirmation of quality and 
quantities of construction materials from borrow area and quarry 
sites; 

o Embankment zoning and internal drainage; 
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o S",bility.nd seepage analyslsu,/rig geo,slo!", 
c'ohditions-; - -

o Design- off~undation _-gt"¢~ttt:\~j;rid -c~:rrtiJn gr6'\.iting.. 

o Upst'r~am a,hd downstream $i~-e-pr?t~ctiQn; 

o tnstram,entation. 

vi) Hydrology and lIyQ..auli< D~ig" 

The dam to b. deslg~edJ'.j(p.tt.d'o b.,.", "ri,tlleJ,,)I,?wing pr'~~<iii~'~ 
exhaustive. 

• P("oper structural and 'hydraulic -f~iQtUt¥; I¢v,et--d:e,stgns. sh,al! be: cal·'i.d'~ 
the damom! spillway with r.spe" torni!<iti'iu"r'flOod .stim,,,o' 
hydrailJi,_ Ilrrafyiis':':for' :'th~ :dtitermiJia"tirl:n.:.df :'m~;'i(;lmtJin _S~OlJr d.ptti,aJ~ir·~ 
level of cut-ot'fskeeplng the !}eoiogi¢ alld ·g.o-t.chnl~u. ,,,f<irma, . " , - - " "- ',-

consideration, 

• Proper surfaa. hy,draujicdeslgn,ofthe "'InQ spillway .hallb.carr~(t.t;!!Jl 

to ooswe the-:~.are, ,e~o"-omic a~;~~~~~:C'~~~i;~~~':t:i~~~~~~~ 
energy:dl~patlofi'-i'tl~ha:nism,".shaU 
a considera:bJe ,'dlst3.'n¢e. 

• Flood' prcjJe~o,n :,'$t!~_'t4r~s. spltlwa}'s-,,_,r~~~!rig, walls; ~,intak,~;_ bot(P'l'f ('1" 
all ,gat., shall, b<!'de,igned p)'op"r!y,ofisi<ler~"g both ,truct,UJ"'U'IlO'''1 

" , 

safety, 

'., Oes.igl1.the !Zl1¢:arotnechanjcaJ'.$rste-trt,and-,-tom~ents. ' - ,," . " 
• 'Review and' <:;he'ck-~'recommended',~.~nfeq\lipments ,fot:' ·the. d@:m~. ,",. ' . - _.' -, . . ' .. ,,' 

3. Outputs 

• Adequate number ofthe ,tudyond desigu'tep"l'!$. 

.OetailDesitn lor Englne;,ting Work$ {dan'\llrod.,Uappurce".nt w()rk~)J "", 

.Prepa~ation$<ofT"tf!nli::.J.Spe<llk.tions P"'tument . - . . 

,.. DeSign. Calculations., 

.' PrE~paration of Tendj'!{-, DO(:uments and p~sjgl! ~~port 

• Prepanitrpn of Dtawfn& Albums· for Cons~rJ~tiQr:\:' 
, ",. ~. . 



Appendix G: Typical Plan, Profile and Section of a Small 
Embankment Dam 

TYPICAL PLAN VIEW 
~-.-... ---~~~----,---------, 

TYPICAL CENTRE LINE PROFILE 

-.. --l----- t---

DISTA~CE 

TYPICAL DAM SECTION 

Crest WKItt'! 

• 

Toe Fr:ter 

.--.-----.. ----------.--~-----.-------- - --------' 


