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1.J 'j ~ bi'J 'l!U 'ill fl fl'j ~'\J1'U fl1 .,yj i1 il ti L yj mm-l'U'U 'l m .,yj til 'j ~ n '\.) m l:U Iii il ~ fl1 'j • 

f1 \\.1~ er ~til vll'VIl~ L tl'U il ti 1 ~ ~ ~11 fiij il fll'JD ntro\ ~ 1 'U m ~ '\J1 'U fl1 'J il il fl LL '\J '\J 1 f1 'J ~ fl1 'J'll <11.J 'J ~ 'V\1 'U'1l'U 1 til . . ~ 

L~ fl 'iJ::L tl'IJD'j~ bi'J'llU Iii eJvil'Uere:lwu 1~ lli:ul nli11' ili'J • 
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~iiam~tli)m.:~1u (Work Manual) 

m~aantJ. uu 1fl~.:s fl1~'tiati~::'Vl1'U'li'U191 b~fl 

'"'·'"' L YlB 1 '\\' <i 1\J W!l n T>ll m., ~ 01 ~iJ B mo;t15'\J~ ~ 1\J ~-a' 01 L 'ii\J B th~ L i'JtJ m m'\' n"ttru an "tt'l~ u<1 01 ~ 1i ~ 
'l1 ~ <l::: L B ~ Ai 1.J A B 1.J n 1 'lU 5 '\)~ ~ 1\J'll B ~ n 'il n 'l 'l:W/n 'l::: \J 1\J n 1 'llli ~~ '1 'll B ~ VIU1 tJ ~ 1\J \,1, <l:::., ~ 1 ~ :w 1 A 'l.lj11.J n 1 'l 

1.J 5'\J~ ~ 1\J~* 1\J~ m 'l\J ~VII 'l '1 Wi1 Tl'lvi1~~ B~fi" f1'l B ti ~~ll\J 'l::: i1'115 i11Vl Ln Ole.! <l ~11.JY11~:w 1 A 'l.lj11.J L U\J 1\J AI:W 

L U 1VI:W 1 tJ 1 ~e.!~ A e.! <lVI~ B nl'l\J ~ f11 'l~lJf1 Wi11'Vl LL<l :::\J 'l 'l<l-tf B rl1VI1.J A yj.; 1 rl fll'lJ B ~ f1'l::: \J1 1.J f11 'l 
' ' "" 

'"' . ., L Yl B L \'1 tJVI<i' f1.lJ11.J u<1 ~N'i6 nwlh ~~\J~ <11:wl'l mi 1 tJ'Il B 011 '1\'nu € L -ti 1m\J 5'\J~~ 1\J 1 Vljj ~ \iii1.J1 m., 

v'h ~ 1\J 1 VI L U\JuBm;l'Vl LL<l::: 1 -ii\.1 'l::: nBu m 'lti 'l::: LiltJe.~<~ m'lt15~ ~1\J'll B ~'4 f1<l1 m 'l1:W~ ~ LL<1 01 ~VI~ B Le.J tJ u 'Vl ~ 
1 '\\'nuuf1f1<lf11tJtJBnVI~mrt-1fu~n ,., 1 Vl<11:wl'lm -ih 1'il LL<J::: 1-iiti'l:: LtJ'll11'i11nm::mtJm'l~uBfi L YlB 'l1Bf1T>'i'u 

' " " 
u1m'lViA'l ~n\Jf111:WI1i'B~ nl'l 

@>.<n L YlB 1m 1.J f11'lf11\Jf1:W f11'lvh~11.JBB f1\,l, \J\J Lfl'l~ f11'l'll<lti'l::'I111.J'll1.J101 L~ n 1 VlL U1.J:W1A'l'ii11.JL~tJ1 t'itJ ' ~ 

l!i. 'IJOJ\J L 'IJ9l 

f'iiJ B nl'lU n~ ~ 1\Jiffl'l B\J fl<l:W .r ~ LLili f11 'l~ A LA~ tJ:w-tf B:W <l L dB~ 11i'1.J 'ii\J~\J 61 A f1'l:: \J11.J f11 'l ~A 'Vi 1 \,1, \J \J 
'U 6.1 , 'U q 

LL<l :::<i~:WB'\J LL '\J'\J 1 Vifi''U Lf1'l~n1'l L <ii'1'lJB~'\{1.J~/L <ii'1'llB~~~1.J 

0 0 ~ 

0'1. f\1'il10f\fi11:U 

:W1A'l'ii11.J fiB ~~~LB1 L U\J Lnru'l'i<i'1VI'l\J L VitJ\J n1VI1.JA ~~ 11.J~11.JU~:w1WU<l :::f1 Wf11'Vl ( Vl'il1.J11.J m:w o'\Ju - ' ' 
'l1'!1'\Jru<fiAtJ<1mtJ 'Vl.i'l.®ct~) 

:W1A'l.lj11.Jf11'lUD~~11.J (Performance Standard) L U\Je.l<l m-;1.J5U"&i~11.J 1tJ'l ::l'i'u 1A'l::: illuVI'd~:a~n B 

i 1 L i'JtJ Lnru'l'i~'I11YlB L'iJVI~ BB~:WtJ'l::l'i'u~€u5'\J&i~,tJGi11.J 1 V1qj'Vi11~ LAtJ'il:::llm B'\J 1tJm'lVl'il1'l ru1 n1V11.J 01 

:W1A'l.lj11.JVI<l1tJ'l~11.J BIVl ~1\Jm:wlru fjWf11'Vl'l::tJ:!L1<l1 f'i11-if'iJ1tJ VI~B'Vl')~f1'l'l:U'llB~€1.J5~~11.J 

mi'l. '!1\J. lD el'il11.J1 tJ mo;Gi11.J'im mo;:w <i'Tum11.J'll<l\J'l::'I111.J~ o, 
" 

B\J.'!IU.® 1X1VI1!1~1tJBBnLL\J\J <i'111f1~11.J'll<lU'l:!'I111.J~ lD 

1X1VIU1~1~Vl'il1'lru1Lrmm'l .1'111 n~11.J'll<lU'l:!'I111.J~ lD 

1X1V1U 1 ~ 1 tJ 1.J 'iiYl U<l ::u 'l ru'i'll tJ 1 o1 111 n ~ 1\J'll <1\J 'l ::'111\J~ lD -
<1'l. '!1\J. o, 1X1VIih~1tJ<i'1'l1'ili1il\J-;:: L '111'1 <i'111f1~11.J'll<lU'l:!'I111.J~ lD 

" 
:w1A'l'ii11.J~11.JB Bf1LL \J\J'llB~o1111 n ~1\J'll <lU'l:::'I111.J~ 0, b oO'lU LL \J\J:U1A'l'ii11.J nl'lBB nLL \J\J U<l::: L :fi tJ\J LL \J\J 

~ " ~ 

'll B~<i' 111 n B B f1 LL 'U\J'i 1'11 f1'l 'l:W U<l ::<1m U A tJ fl'l'l:U f1'l:W'll <lU 'l::: '111\J 

mA 'l'ii11.J 'l1 tJ<l:: L B tJAm 'lLG~~m VI~ n 1tJ B1f11'lf1 B\J n ~ A~11.J BB mL \J\J'll m<i' 111 m11.J'!I<lU'l :::'111\J~ lD 1 off 
~ 
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,:_, ~B1'l.I11J mnhu'i m m~~ iJ.,,J,~'iu ~ ~'llil\J 1 'l.l m>Yl'il1~ru1~1'l.I~1Jl'iu m>'iil~'il~ bb<l ~ 
" 

B1'l.I11Jf11~1'11m>u1.,,>~1'l.lm><li'>~nth:ii1~#im:!mum~ 
' ' 

c>::.i!:l '1-i',,,J,~,tJililnu. uu iJ,,J,~'iui:JOI'Ililu 1 um>.ij01'111u.t:.~u~11.1 n1nu Olbb<lf11>il1b il1.1~11.11 'lib 1:!1.11 'lJ 
" m~ u.t:.~1.1~11.1 bb<l:!m>~>Jl11.1'i'l11f11> lliHil <1ilu u. u u 1 '111Jnlil il~>~,~.,il n'i'l11 >1~~~bbm 'lliJ'lJ.,,~,1.1~ ~ ~t11n 

c>::.m 1 1'11 n->'11 <1 'lJ~ :!'V111.1 'lJ5u~ mV'll11.11'lJ 1111 'i 1'11 n->'11<1 'lJ ~:!'VI11.1 iJ.,,J 1~-iu ~ ~'11 ilU 1 'l.l f11 1 i'i n,n 

~•m•~-ifil~<l ililmb uul'i11.11ru'YI1~'im m>~ bb<l:!~01vl1u. uu~1~ lm~m> (Lay-Outl LOJtJ!ii'il~l'i1u~a~m,~ 
" 

nnilf il~>~1~.,il n'if'l1m~~ mut'h1.1>~1~~1m1i1'l.l nwu11 'lJ1-if'lJ>:i LtJ'IlU bb<1:!>~>~>~1~i'>~n'lJ~~<1~fi/fl11~ " ~ ' 
v 
lllil~f11~'llil~11'1:f{l ~ 

<>::.<>:: 1.11tl'lh~'I1<1U~:!'VI1'l.l/'lh~b ~tJ'l.l iJ.,,J,~'iu~OJ'Ilil\J 11.1m~'t11bb uu~1~ lrmm> (Lay-Out) m~01vl1 
b U1.1bb uu 1 Vf<1~mnh Yl~b~~il~fi'lJ 1:!f1il\J 1 Vlfl~ut'i11.1>~1~~1>~~1i1'l.lf11~b ~ tJ1.1bb uu n nilf il~lll1~mlll>i'i1'l.l 

" d " 



mnn1m1~ ~Iii 'Vi' 1 ~ ilem T~1J 5 illi~ 1'\J '!I eN n'llJ'!I<l'lh:: vn '\J 1J ~:: n 'il 'IJ ~1<J .ff'\J 1'1 'il'\J .I 1 f1' ty .r~ ll 
r;,.r;, lJ'il'IJVIlJ11J~1'\JU.ne\''iJ 'ilnLL 'IJ'IJ .ff'\J\ll'il'\JlJ~1VIif1~1'\J 'il'ilfl 1.1. 'IJ'IJ "il:: biJ'\Je\'lJ 'il'IJVIlJ11J LLn-if1~1'!1 n1i/ . ' 

'11Um1'\J 11'!1 m~ !il1u. V!ti~'im m'!l<l1J~::'Vl1'\J 1Jfiu1i m~/'li'1'W1!!J 'i mm'!l<l1J~ ::vn'\J 'Vi'1V1u 1~-ru ~ lil'!l'il'IJV!li' n 

1 '\J m'l'il'il n u. 'IJ'IJ 

r;,.i!:> 'l1'1J'l1lJ-iflllJ<IL ,j' B~lii'W 1 '\J.ff'\JI'I 'il'\J m1'Vi'1~1'Wll el'vh.~-r'IJlJ'il'IJ'VIlJ11J~1'\J 'il'il mL 'IJ'IJ 1m ~m'l • • 
'!I<J1J'l::'Vl1'\J'!I'\J11i1L~ n"il::lil 'il~L tJ'Wel'~1m1lJ-if'illJ<l ~-;11L tJ'W liillfl1'l'il'il nu. 'IJ'IJ 1~ u.ri ~m i'i mnVl"i11'lf.lJ1Lm ~ m~ ' . 
L ,j'll~lii'W (~lilliill'll'il-r'IJ"il1fl ~11JVl"i11'lf.lJ1Lfl'l~fl1'j li'!ID.i!:>), ~<1<11'l1"ili1lJ1J'l::L'Vll'l ('!J'il-r'IJ 1~"il1fl~11J<I1'l1"ili1il . ' 
D'l::L'Vll'l) LL<l:: ~<1&11~1"il'Vl1~lmil'i'Vl!J1 (~lilliill'!l'il-r'IJ"il1fi ~11JD.)iilU.<l::rmu'i'Vl!J1 i1'!11J.i!:> ) 

"'·"' ~lillii!l/1J'l::li1'\J~1'\J Vltl11J~1'\J LYi'ill>l'l1"iillll'IJ-iJ'illJ<l 1 '\J.ff'\J\ll'iJ'\JlJ L~ll1~-r'IJ'iflllJ<IL ,j'll~lii'W"il1fl • • 
Vltl11J~1'\Jiii1~'l m~-r'IJlJ'il'IJVIlJ11Jf11'l'Yhfl1~1'1~1"illl'il'IJf111lJilfllilmL1i'B~Iii'W 1~u.fi \ll'l1"illl'il'IJl1-iflllJ<l"il1fl~11J • • • 
lii1~ 'll'l'l ~tl'\J 1~u.n~'illfl~ ~ m 'l'!l<lD'l::'Vl1'\J'!I'\J1\iJL~ mT'\J 'l ~~'Vl1~~1'\J~~~ Viti' Iii LL~'\J~ l'l<l'illil"il'\J f111lJ\)fllil 'il~'!J 'il~ 
-ifBlJ<ll1 L tJ'Wil"il"ilu'\J /VI~m tJ'\JilU'IJlllJ'IJ~ru'lllilci1lllil LllB'Vi'1fl1'll'l'l1"illlll'IJ-if BlJ<l L ,j' B~lii'WI'I'l ~n'W u.i\'1 "iJ::Iil m 

'U q 'U • q 'U 

~lilliiB1J'l::li1'\J~1'\J 11Jt!~ Lfl'l~fl1'l'!I<!1J'l::'Vl1'\J~~'VI'i'lil/lfl'l~ m~~~J1 L ~1'!1 'il~i{'\J~/L ~1'!1'il~ lm~m., L YiB'll'il 

1'1 'l1"il ll'il'IJ.;{'\J~VI'IJ1~1'\J "il~~ ll'il'IJil1lJ-iJ'illJ<IL ,j' ll~lii'W fimn~<ln'l::'Vl'IJ~ 'il1"il:: Lfllii~'\J L .;:j Bffi mm ~ fi1~~ Lfllii~'\J • 
lil'l~lil1lJ1'1i1Q1J~::i1~fl'llll~'l1'tt!J'l 

r;,.c;: .'11L U'\Jfl1'l'il!lnu. 'IJ'IJ vl1'l11Jm~l'l1'\J1f.lJ'Vl1~1ih'W'if'l1m'llJ (~1'\J'!I<ll'l1lll'l~) '111'lllJVhLL 'IJ'IJ l11~~~1~ 

(Lay -out) L~Bvl1 m~l'l'l1"illl'il'IJ Lfl'l~~1~ \) n!il 'il~1'11lJVIli' n'im m'llJ u.i\'1 ~~.'11 L U'\Jfl1~'il'il nu. 'IJ'IJ'j1<J<l:: La!Jiil"i11 n 

u. uu 1111~~1~ L~'\J 'il'ilmL uu lm~011'1~ LL<~::~11J<~::La!J\ii~'\J 'l~L~!J1-ifll~ LL<~::L~'il'l11J<~::La!J\ilmuif1'\JLL<i'1~~ 
lJ'il'IJVIlJ11J 1 Vl~1~L:fi!J'W/<l'ilfl ~\ill.!. 'IJ'IJ U.<l::vl1~11J<l::La!JiiJLL'IJ'IJ 1 VllllJ\j'ltlJ fl'l'IJif1'\J 

r;,.<t l'l'l1"iill'il'IJ/1J -ru u.n l'l'l1"illlll'IJf111lJilnlil 'il~'llll~ u. uu Lfl'l~ m'l'!I<~1J'l::'Vl1'\J'!I'W11i1L~ n 1 Vft1 nili'B~mlJ • • 
..... ""' ~ v ""' 

'VI<! m m m 'llJ'!I <~<11<1 ~'~., LL<l:: t1 n ~'~ 'il ~ mlJ lJ 1 ~'~., :01 '\J m., L '!If! '\J u. 'IJ'IJ . ~ 

"'·-., <ijlilvl11ii'WilU'IJ/LL 'IJ'IJ 1 '!I ulmL 'IJ'IJ Lfl~~ m~'!l<l1J'l::'Vl1'\J'!I'\J11il L~ n1v'l<ij'lilvl11 VllllJ'IJ'l rufl'l'IJ if1'W 1'11lJ • 
'Vii\' fll'!l1lf'l1 n'l'llJ U.<l::lJ1\ll'lli1'\J~1'\JL :fi !J'\J LL 'IJ'IJ LL<i'11 Vf<ij' 1iivl1LL 'IJ'IJ 1 '!I '!1'\J 1\il Ar;, L Yimli'\J 'il!l'\J:ifvi 1 '\Jol11'i''IJili B11J 

~ ' .. " r;,.lri Lli'\J'il ml'l.'li1J.i!:>/ ~i1.'!11J.i!:> L'11'ilL'VI'\J'!I'il'IJ 

"'·"' <ij'!iJvl1<h '\J1U. uuVllJ-riL :U m~~lJB'IJ Lfl'l~m~/Lnm1'1J~1lJ 
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~01vhliluou'U/bb'U'U 1 'l1 

bi1U€1 t:nl'l.'ll'\.J.i!:J/ t:m.'ll'\.J.i!:J 

d " b'Yl<Jb'\ojU'lJ€1'\J 

~ 01vll<il b u l bb 'U'UiilJvlb ~ m 

ii~lJ€1'\J 1m~m1 

" /bn'U11'\J11lJ 

' ~ 
(j) 'lll~b'llt!U 

(j) <J'U.'ll'i.J.l!l 

(j) •th~b~t!U 

cf.i!:J bl'l~t!:W'1f€1l;JilbiJ€1~!ilu ~lJl'!l€l~Lf'l1~fl11 1lt!fl11i'llU1UVIl~'ll'11m1lJ'l1<ll'il_,1'14 b_,Umbn 
" d ~1'111<il.,<J'U/bvm'\.J1~n<J'Unl11'111<ili1€J'Ubb'U'U 

ct.i!:J 1 u.frui'I<JUfl111'111<ili1€J'U ,.nnil-tl<J'Un'v·r~<J~/il01'W<ll011 '11vhbiium1bbm 'II 1 '11mh<1~<il 
"'·"' ~01vllbb'U'Uh '11Ul01 A., b~muuliluou'U.ill·rl''Ub.,u<~/<~umi • 
'o:>. i!:J 1'1 11<ili1€J'U f'I~~_,01Vllt! n<JU €1Uml \Ill n'Yl'Uotl €1 ~ 01'11<1 l01 m1vhb ij U fl11 bbm 'II 1 '11(1 n!il €1~ 

V <>I IJ" J( il .J J' q I !V<v V V 

gj ,(j) <il 01 bl'l) tJlJ'l1€1l;Jilb 'U €1~1'11.1 b 'W€J'l1bb <il ~)ltJ<l ~ b €it! 01'l1 €1~ bb 'U 'UI'I €1 ~'U~f'I'U'U 1\!'lll 
II V .,;I ...._ 

oJ.i!:J bi1U€Jbb 'U'UI'IUQ'U'U b'Yl€l€l'\1lJI'I 

~-"' 'l1lbb'U'U~€1'!1Wl bb\'1'1/.,lJ\j)W bb.,n'Wb ~€1'\J'W~m U'W 1 vlli~~Yf<l bb<l~~01vlliim1b ~m 
0 .... 6' q I 1 " 1 V ~ 1111..1 il ~ 

~.i!:J 'Wlbb'U'U'YllJ'Ylb'llt!l .,~lJ€1'\J f'l1~fl11 bb<l~bn'Ubb'U'U 'lli'I'WO'U'U 1\11'\oj<J~bn'Ubb'U'U 

.., 



b. ,T'Uflti'Uf1T3tlij'tffl~1'U 
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!'11<11)11/ 1!'11n1~lJbfl~~l'1~1~/ 

LLl1 ~'\-1~ n m~ L ~ tJ1J LL 1J1J'lJ <J ~611iJ n 

B'ilmL1J1J 

~n~ <J~I)11lJ'I<1~ n1 !'11 m~lJ'lJl1 

!'11<11)11/ 1f11m~lJLfl'l"~l'1~1~/ 

LLll~'\-1~ n n1~L ~ tJ1J LL 1J1J'lJ<J~611iJ n 

'il<JmL1J1J 

• v Q 

~nl)l<J~~1lJ'I<1l1n1!'11n~~lJ'lJl1 

!'11<1~1/ 1mm~lJ1m~l'1~1~/ 

Lbl1~'\<1~ nn 1~ L ~ tJ1JLL 1J1J 'lJ'iJ~611iJ n 

B<JmL1J1J 

'iJU.'IftJ.l!J 

1J1 tJ~1~'lJl1tJ ~~'V111J/ 

~1~L~tJ1J 

1mm'lJl1tJ~~'V111J 

tJl]1.1"~m~/'ll11J1!j!n1~ 

(~~1m'l"<J'ilmL1J1J) • 

1J1 tJ~1~'lJlltJ ~~'V111J/ 

~1~L~tJ1J 



QO. 

"'."' n <11'11 1.'1 !111'11 a~ ~'U !ihu1m m1ll; n a~1 <5' I'J u<J ~'VI !II <1 a~ mll'll <11.h ~'Vl1'U 

-'·"'·"' ~iJEJ~1'UL~El'U~'U'ti'U1!11L~flU<l~rJ11'J; 1.h1Lll'Vl1l bJm1'!11 

"'·"'·"' 1mm1l1Ji1'U11fl; !II'U11m UJL~I'J~ 
• .... <V 0 "" .,. f' 

"'·"'·'" fl11EJEJfliJ,'lJ'lJEJ11'111'U~I'I'U'U1; !111.1111lll\i!J1'U'lii'J 

"'·"'-~ 1.h~m<J'VIi:l!ll1'tl1-ti'l'l1 'Ufl11aanu 'U'UfJ11'J; 11'1 . .i''U~ 'Vlm'Yhwn l'lru~1mm1:wl'l11.'11l11 



~ 

j I . 
I I • 

.I;! i i 
I I . '1 I i)i j . 

I . 



~ ""' d ""' ' <V .,...,. ""' d ~ d ""' 
Lf1t:lJ'fl f11':ifl <l f1 LL U U'il'U 111 L 'il<l'U ~~'l'l'il11 ru 111lJ f1U <'i.fi1'1'Hi'lt:lJ1VI E11.Jl1'U 11 f1U 1 L 1 t:lJVI\ll ~ L 'IJ<l'U LL<I ~'il'U 111 

'1fm1<'~11J~Vn1m uu ~ nru 1mi' Lfi 11~~~~ 1fl>~m> ~~Ju'l-1ii' n m><J<JmL uu L ~<J'UULnru'l'i ~~if 

,.,) L~<J'U li1'U11n li1'U~'U (Abutment) ~~!if<J~um1ulfufi~LL~~LL'l~ <11m>m<J~~uJ1wwn 
~ ~ 

L C<J~~1n m>n<J<'!5'1~LL<I~m>i'U<'I~L VJ<J'UL i'lm~1nLLeJ'U~'U 1 '1-11 hi\J<i <J111.ilEJ 

1!:>) n11 n1'1-1'U 111m 1u 01 ~ ~1 L ~ <J'U ~~Iii <J~<'~ ~'Vi <J LL<i~tl <1 <J 111 ii' 11 hit ~,}11 '1-1 <1-ii1u ;;I'UL ~ eJ'U " . 
(Overtopping) 1 'U'!Iru~~Lii111tl~mruJ1<1~<11111 '1-1<1<1~<h~u'iuJ1 1111EJil~11ru1-ti<JlJ<Ifl11lJ L ~1<1lJ fl11lJ<'I~'II<l~ 

'II • 'II 'II 

fi~'U rl1'\<1'U111'11'U 1111'1f<l~<l1fl11'l~U11nj1<i''U LL<I~'1f'U1111vi<J'l~U1EJ,}1~1 mh~ LnuJ'1 L ~<J1 ~Ufl11lJ <'!1lJ11 (l'fi<J~~ ~ 
'l~U1EJJ'11~ 

tn) f111<l<lf1 LL UU'l~EJ ~L~<lf111VI1111~1'1f<l~L ~<l'U 
' 

~) <11111'11<l~~1 L ~<l'U~1'UL 'l-1U<l,}1 LL<I~Vl1EJ,}1 ~:;lif<J~lf'Ufl~ hi·:i1~~ <JEJ L 'U 
" 

1~Wl1~f111rl<J<15'1~ (During Construction) 

n<J<'!5'1~La~~LL<i'1 (End Construction) 

>~Wl1~f11>LnunnJ1L~lJ~ (Full of Reservoir) 

>~Wi1~f111<11111~~uJ11'Ueh~LnuJ1<1~<J~1~11111L~1 (Rapid Drawdown) 

ct) f111<l<Jf1LL UUfi1UfllJf111 1 'l-1<1'iilJ'1f<l~,}1eJ1'U~1 L ~<l'U li1'U11f1 LL<I~Ii1'U~'U (Abutment) .Jf~ ' ~ ~ 

<'l<l~~~ 1111EJEJ<JlJ 1 ~'iilJeJ1'U 1~1)1~ LLI'ilif<J~<l<lf1LL UU'l~UU'l~U1EJJ'1L ~<11lJ11(1f11UfllJf111 1 'l-1<1'iilJ 1 ~eJ1'U 1 ti!l11lJ 
' 

1~UU'l~U1EJ,J1.fi1EJ L'U~1L~a'U~rl1'\<1'U111 H 
b) <11111L ~<l'U~1'UL'\<1UaJ'1 lif<J~U<l~tl'U 1u L~Ln111f111tl111L'il1~~1f1LL 1~f11~LL Vlf1'1f<l~fi~'U <11111L~a'U 

~1'UVJ1EJ,}111lJ.J(~;;1''UL ~<l'U~~Iif a~ua~ tl'Uf111tl111 L '111~ L ;j <l~~1f1<1lJLL<I ~eJ'U 1~ 
Ill) ;;i'u L ~ <J 1.1 Iii <J ~ij m 1u n 1'1 ~ L Vi 11 ~'Vi a Iii a n11 til] ,:r~ ~ 11.1 1~ '1-111 ~ m> ria <15'1 ~ LL<I ~ u T~ ~ ~ mn 

.fl1 EJ'l-1ii'~ f111 ri aa5'1~ LL<i'1 L<'l~~ 1111 EJ~ ~!if a~Ufl11lJni'1~'11 a~;;i''UL ~ <l'U<'ia111fl<i'a~ tlUfl11lJ <'!~ L ~a'U 11lJ.Jf~ij • 
L<'l~ EJ'l.fi1'YilJ'Ufi~L fl EJ~'Yia 

'11U111'11mL~a'U~'U'II'U1111L~n 'il1LL'Un1~L1Ju 1!:> '11U111 f.ia 

,.,.) Homogeneous Type ~1L~a'UJ;1lJ~1EJ~'U'1fU111L~EJ1 ~'U~ilm1lJL'l-1lJ1~<1lJ~1-iiLtJ'U1<111Jria<111~~1 

L~a'U ;~1~LLri f1~lJ~'U\ii1~ ']1111EJL~EJ~~1f1f1~lJ~'U~L'\<1lJ1~3lJlJ1f1~~111\l11U<h~U<I~1tJ1~LLri 
v 

,.,_,.,) GC t111111(:J<'ilJ~'UL'l-1UE11ilVJ11EJ(:J<'ilJ<J~1J1~ flt:lJ<'IlJU~VJU'W1 Shear Strength <'!~ Pore " ' . 
Pressure 'W~~'!Iru~u111ei111 

,.,_.,) GM f111111(:J<'ilJ~'U\ll~na'U t111111ileim1<i1'Ufl<l~ f!t:lJ<'ilJU~ ~1'iiuua11 Shear Strength 
' 

. 
®.tn) SC V111EJ(:J<'ilJ~'UL'\<1UEJ1 flt:lJ<'!Uillifiuw1~mn U111ei111~1EJ • 



Pressure <I~ • 

lv) Zone Type Dam iiu,nuLU'U~hrViuJ11111tJI'Idlll'\111.Jlu,numnn-ll'VI1mvilii'u~mll~~'IJ<J~L~<ru 
LU~<Jn'U<JnVlllLLn'UL~<J'ULU'Umill~'ULlJ\11'\IItllU iifi1 K AB'W-1h~<l~flru<!U1J.i1J111el111~ltl Shear Strength <!~ ~'U 

1 , 'IJ 1 'II 

vi'lifLU'UU,n'U~<J GC, SC, CL, GM, SM 111lllihvl'u ~'U<i1'ULU~<Jn'W<Jn~<J GW, GP, SW 

nl1L~Bn~<lfl~L~<J'U~'U m1ii'V!oi'nm1~rl1A'ty 1 um1Vi~11ru1 .r~il' 

"'. 1'11 1<1f1~ L ~<J'U~'U 1 'UU~ L 1 ru~ L ~<J'U~:::iil'ldlll til1U <J ti~<l\11 ~~iJ'L ~Bil 111U~J.Jl ru~'Uf.1ll~1 L ~<J'U 
' 

1v. ~<1f1~L ~B'U~'U'IJ'Ul\11L~n 'VIln 1:U;JlLU'ULLli1 'Wm1<1f1~1J'U,l!l'U11n~d'Juiiu Lvm:::~:::~ewlh 

nl)\11)1~<1B1Jiil'U)l miu 1 Vlill:: LBI'J\11 Llltin<J'Ull 'iluii1B tJ 1.1,\11 n <J ~ J.Jl nu <J I'J L Y1 tl~ 1111 ell~~ <J~ii nl))l:: L iJ 111'ii'U 'VI1B 
~ . 

el'111ii111J1tJ 'UL -th 1 tl <J\111<! t1 1.1,111 n f11'1J m'ilu ~'U 111il <J 1111.1, 'U1 L ~<J'UL vlll'ti'u lin ~ ~~ :::vh 1 Vl1lfll ri B<lfl~ L vllllll n'ti'u 1 tl . ' 

"'· 1:Um1<1fl~L~B'U~'UU'Uiil'U1ln~iiJll1 mJ1 'VI1Bu~nru~~'U'IJB~ill\11LU'U<I<J~~~LfltJL~<J'U 
~ ' 

'VIilltlil~ L l11l:::LL<I111~ll,l!l'U1ln~:::<lfl~L ~<J'U LLil::;L '\IIU!JL ~<Juoffu 1 uJuiii'W'VI1ltl 'VI1<Jm1 111M1'iill 1Ji<!::;m n 

~~Bl" ::;iimlll'VI'Ulmnu,il:::Yi'uf.llltl'U<J I'J 1:Ufi<Jtl u, 'llu '\Ill n~::: L U'UI'I1111111~<1BU\ll'U11 n LLil::: <JB n u, uutl~utl1 ~ . ~ ' 
,l!l'W1lnLU'UWLI'I1S 

,.:. 1'111<1fl~L ~<J'U 1 Vl<Jtlb 'U>11LL 'V!'IJ~<!~~<IlJ.Jl1!.1~l::UlJlBBn~l mil~ LnuJ11 tJ1 if1 'U~'U~ ~ • • 
~B~m1 1Ji' 1111t~'.iiltloi<Jt1 1m 'VIil1 tlmllflflil<J~ol1 t~u, 1~~~11i11i'IJ€l~ 1iln rll'VI~Unl1<1UJloffu 1 tJ1 ii'~:::Lllt~fil1 ii'~li'J • • • 

ct. vh Lil~<lfl~L ~<J'U~l:~<J~ii~'W~iiflru<!lJU~1 ifvhm1fi €l<lfl~~1 L ~B'U 1m 'UU~J.Jlru~m n 
' 

L Y1EJ~l1€l u,il:::Btl 1 uu~nru1nliL~tl~ • 

t>. 1'111W~l1Wlol1t111>11LL 'VI'Il~~~::<lfl~L ~BuJuiif.1'W'UB~L~I'J~'VI1B 'W 'VIln 'WiiLLil::;llL uu~m 
<1f1~!.1'U'U 1 tJ iJ~~~~ L ~€l'Ui.i,fi1 1'111W~l1Wl Llltl rlB'Ull~l::~B~ Llltlfil1 if~li'JlJl nu Btl L Vlt~~ 11 L~<J L fi I'JU tl1J fll 

rrl. n11tll'\II'U\1i~<lfl~ L ~<J'U fi11W~ 11Wl11ll 1 tJ(i~o) 1 LL 'V!'IJ~~~~<Jlfll11::;1J ltiJ lfi'Uol'l till 

<l.fl ll1.fl iJtJ 1::; L 'VII'II.I,il ::;oi' n 'ISW::; ~'Uii l'ldllJ L '\!Ill ll: <!lJ9i B nl 1 fi €l <I f1~ B 1 fll 11::; 1J 1 tl J 1fi 'U \11llJ'IJ'U 1 \11~ ~ €l~ n 11 1o'f • 
<J ~1 ~tJ 1:::'\11 iJ 111'\111<! 1:U ~~~ L ~B'U 1Jl~ LL vi~ Bl ~~::ii.niJtJ )::; L 'VII'IU,il ::;~'U lll'U11 n~'Vh nl1rl B<l f1~ Bl fll))::; 1Jl t1J1 . ~ 

liuii11mu, l1~ Lnu 1 tJ ii1.1 ;;J~m1Vi~11ru11 Vi'1BUFIBU 



"'· Vi1 b<1~<1 ~~~ b ~ eJ'\J ~ ~ !ii'eJ~il~'W~~uJ,tJ'\Jb '1-1'\Jm ~eJ'W~il'li'W1>~1 'l-lqjm nvm~~ ~iiJ 1l '!-1<1Mm 

1~bnunnltlibw1.1wmnuf'm:ulifeJ~m11inw '~-~~mnm1mnunnli'blli:ue:h~bnuJ,ltiibneJu'Vlntl 

~. b ~ eJ'\J ~'!J~il'li'!J101 b~ mnu nnJ,ltii-;l 1'\J1'\J hJ:u1 mr n hj rm<1~1 ~ 1 '\J~~lJJ1~il~1.J~ ~uJ 1t-l1.J 

'!11..11011 'l-lql bfi1.J L 'lJ b 11~1.JeJ fl_,fl ~~!if<J~<1~1~eJ1fi111~\J11JJ1<\'1.J~iJ'!J1.J1011 'l-lql b ~ eJ1~\J II'JJ 1-;l 11..111..1:\JI fl 1 mtlitli11'J 

11rn ri <J 01~1 ~~ u, ·vmb<i'1 ~1..1~ ~u J 1 tJ 1..1'!11..1 1 >~1 'l-lru ~~Iii <J ~il111 ~ n <J 1..1 (l nJ ~~ >~'W1m<1 ~., :u 11..1 eh~ bnu J 1m n tli1tJ 
• • 

b'1i1..1n1..1 mnhJi'imm~<J~ffi~<1~bliEJ>~n<J1.J~ib~I'Jn<J1.J eh~bnuJ,~ii fl11:u~u<J1.JneJ1~~~~n.,~n<J1.J111m1u(llJ~1.J 
b!liwn1.1 11.J1~1'J~b1<11 hj~i'J 

Lf'mm1 <i1~bnuJ1~11'J'I-I:u t<i~<J 1tlii1b tl1..1 hm m1'!1<1'lJ 1~'Vl11.J'lJ 1~ b.n'Vl<i1~ bnuJ 1'!11..11>~ b~ n • 
b tl1..1 mfl111-1'1~11.J~ b U1.J?i11.J<I1'1-1~\J~OI b111~1'J:u u, 'l-l<i~J,Iif'W'Vl1.J b ~ B'1i1 m '~-~~<J11~!;)1 .'iiU<liJ'lmtli 11..1~ WJ b '1!1..1 

tli11..1m1 bn~m n»ll'~-~~<Jtli11.J'!J<1'lJ1~'Vl11.J tli11.J~utm1 bb<l~u~t.n r1 '!I<J~1'~!J 111..1~1..1~ bb<1~<11111 b~ 1.1~ L>~tJil 
l111(lU1~<1~fi'~-~ii'nilfieJ !ifeJ~m1bnunnJ,m '~-~<1l111 '\J.;,J,~,1.1 'l-l:u t<i 11..1'1i1~~iltJ1.J111 n'I-I~<J'1iw>>~tJ1.J m m 1..1'1i1~ 

, 'U Ql 'U 

~tJ1.Jv1~'1i1~'1-1~eJI]~bb<l'~ L011Jn11rleJ01~1~eJ1fi11Vl11.J\J~1.J'!I11~'1-1~eJUOI~1.J.l1J1 Lll 1m '1-1<11 'lJm~tliwvh1.1J1ltli 
L>~1.1B<11n '1i1..1b~ll bb<1~~~ile.J<1VJ11 ~J,~1 'l-Im -ii1m<1~.l1J1~11'J'I-I:U t<i hJmm1(11 'l-l<l<J<Jn l 'lJltli ~~~~vh 1 ~il • 
'lJ~m ruJ,.,~ <1:U b vl:umn~1.J bb<1~il1~ tiiuJ 1 ~ ~~1..1 'lJ~m ruJ 1 tli~ n~ 11 ~ ~ ~ n bn\J n n li'm:u-;l 11..1 11.J~!if eJ~ m 1 b~eJ 
'lJ~mruJ1~<11m1mnunn Hltli n<11m1(1U11 'lJi'i>~~~~ 1 i'lJ1~ LI'J'!J'W11..1tli11..1~1~ 1Ltli1111:u!ifeJ~m1 L>~tJBI~bnu 
J,~11.1'1-1:u t<ii:l~~'lJ1~n<Jutli•tJmm1'lJ1~n<Ju'l-lii'n "' <i11..1 tli~~<J l ui:i' • 

"'· b~<J1.J/;i1.J'~-~~eJVi11.J\J~1.J (Earth fill Dam) bU1.Jmf111~<1~1~tJ>~~1.J<l1J1~11'J'I-I:uL<i ~iiJ"'n • 
~m'f1\Jb'!11~1~1 .l1J1<11'!11~<JtJ~<J~11.J~1.J~~\JJ1tJ1.J (Watershed Area) ffi '1-1<1l11<1~<11J1~11'J'I-Ilj LB <11:U11(l 

bn\J nnJ, m mtli'lJ~mi\J1111lJ~IifeJ~n11 ~~~~b uwiil tl1'1-11.JO!f111l1<1~'!1eJ~b ~eJ1.J~1.J'I-I~eJ'Vh1.J\J~1.J~ b 'I-I:U1~<1ll • 

i!:J. mf111'Vl1~1~\J11'Jll1<1'1.J (Spillway) bU1.JeJ1f111~<J<Jmb uu Hu~b 1ru 1n<i'tluVi11.J\J~'\JIK~<J ~ 
'V11~tli'1..1 Abutment ~~'!111'li<J~vi11.J\J~1.J ~~vi1'1-1U1~1~m1.1J,.;11.Jb1i1.J1.J<Jm 'I-1'1JeJ~1n~lii<J~m1 bnunn Hl ~ 
1 '~-~<1.11.J<J<Jn1 'lJm~tli,1.JVi11.1J, b ;;,.;.;,~11.1'~-~ll t<i'Vll~b~:u L>~EJ hJvT11 ~bn>~ei'1.Jm11.1'~-~~m~tJmtJnu.i'• b~<J1.J ~~ • • 
~~ b ,;;1..1 ltli <J ~wi{>~ b ~1..1 ll'l-11 n hJilm f111'Vl1~ 1~\J 11'JJ1<\'1..1 ~ ~v111 m:U<11:U11(lf11\J r1:u'lJ~:u 1ruJ1 bb<l ~1~ tiiuJ 1Ltli 

' 
m:u~nl'l-11..1>~11 ~~db tieJ~~~nmifuJ,bb<l~'lJ~mruJ,~1 'l-1<1m<1~<1:u 11.J<i1~bnuJ,~,1.1'~-~ll t<i~~b vl:u:u1n~1..1 • 
~m ti<J~ l 'lJb~<JEJ 1 mnti'~il'lJ~mruJ,1 '1-1<1 b -ii1B1~bnuJ,li'111<1<J>~b 1m bb<1~mnni1'lJ~mruJ,~'lJ~<JI'J<J<Jn'il1n 
<i ~~ bnuJ, ~ ~v111 ~J 1<1'1..1 <i'1.Jvi11.J\J~1.J'll eJ ~<i~~ bnuJ, '~-~~B<i'1.J-ii1ll <1'1..1vi11.Ju~1.J bb<lnn>~ m1 n>~ b '!i~~~ .r,vi,1.Ju 

~1..1 ~~ eJ'" ~ b u1..1 ei'1..1 111111.1 ~ eJf111llli1.J r1~ u, ~~ bb 1 ~ '!JeJ~.r .v~,1.Ju ~1..1 ~ 1..1 fi ~~1..1 v111 ~ bn >~ m1'lu&~ltii11..1~ 01 >~ bb<l ~ 
' 

mn'lJ~<J1.11 ~bfi>l b '1-1111 n11 rub '1i1.Ji:i'ltli'ii~vl11 ~bn>lf111llb~ 1.1'1-111J~ <J;;li., bb<1~'Vl~'WtJl11.J'!JeJ~11~f11~eJ~Vl11JJ1~~ ' ~ . 
m~~~v111 m:U<11l111(l~~~~\lli1.J1 u, 'l-l<i~J111..1~'lJ u, uui:i'ltiilin~<J 1 'lJ 'ii~ilf111l1<11Afl!<l~1~ ~ ~ ~'il~lif<J~n1'1-11.JOI 
'!1'\JIOI'!J eJ~ eJ1fi111~\J11'JJ1<i'1.J 1 ~il'!J1.J10ib W1.1~'W eJ fl\J n111~\J11JJ111.J'1i1~t-l1.J111 nwwn 11.J1eJ\J bb~ <1 ~n 

"'· mm1vi<J?i~J1 (Intake) b U1.JeJ1fi11U1~flfl\J'!J<J~.i'1 b ~fl1.J i;i1..1 'l-l~flvl11.J\J ~1..1 L011.1 eJ 1fl11vi<J?i ~ 
J,;:j' ~~vi1'1-1U1~u1J,~nmilu 111 1.JB1~bnuJ, u11 'lJ1 i'lJ1~ L1.1'!J1.J11.Jtli11.J~1~ 1 b'1i1..1 tli11..1m1b 'WI~'lJ~n 1 'W~1.J~ 
n11bnm1'!1m11~f11~<J ~VJ11JJ1 L>~tJ m1~01?i~J,b -ii1f1<1<J~<i~J 1 ~ b tJ 1..11~\J\J'!J<l'lJ 1~'Vl11.Jm~~ 11JJ1 b ;;, ?i~'W~ 

~ . . 



b ihvtlJ1~ bb<l~Bfl~1'U'I•1'G~n'il~~01~~J11 m Vt<l<l~~ll11hiiilJ b -riB 1 offrl1Vt1\JflWiJ'lJ1.nfi'U~1.rm bl<l~'i'mni1.fl1'11 . ' 
'lleNi11J1biiilJ 1 '11ilm1ll'lill~'U bl<l ~i1J11 i1:d1.i'V~ <1 B01~~i:l 

' 

~'UVIB'U 1 'Ufl1~~1b lJ'Ufl1~BBfl bb '\J'\J Vt1Bm~'\J1'Ufl1~'liB~fl1~.J01li'U 1'iJ b 'Ufl1~BBflbb '\J'\J ~tJ bb '\J'\J • 
~tJ~1~ ii' flj,ltlJ~'ll B ~vhuuiiiu bb<l~'il1fl1~tJ~~ n B'\J !if m<1 B01fl<i' B~nui eJ:U<I~il B ~ m ~'i bfl~1~~ m~f'11u 1 ru!if eJ~ • • • 
b uu 1 tJmlJVti:i' n'i m m~ll b -riB 1 '11n1~~1 b \Ju n1~BB n u, uu b uu 1 tJ ~·;, ~ fl11ll (1 n !if B~ bn01tJ ~~liV15.nTI1 <1~<101 . . ' 
~1lJ 1i~tJ ~ ~Vt1i'01~utJ ~ ~m ru 1 um~ riB <1·h~ m ~B Bn u, u u eh~ bnuJ 1'111 ~VtlJ 1ei~~ !if B~11~~u VI B'U 1 u n1 ~ • 

- im;~m1~~1'U11~1fl~~fl1~ 

- iBll<irl1~1'ilm~.niltJ~~bV1P1 ~~u~nru ~tJ.i'v1i:11J1 b!<l~~tJu, tJ<J'Ubil'l11~bb vi~ 
'IJ 'IJ 'U 'U 

b. Pi flj,l1.flilti':i~ b 'l'lfl'il~~ 1 u<1u1:u 11>1~ m~biii'UV11~ 1 tJm1'iii.'1B'Ui.'1.fl1'11.niltJ ~~ b 'l'lfl '~ ~ 1 'Ui.'1'U 1ll'i 1il 
• • 

m1lli1 Bli1fl.i' B~ nu u,~u~.nil1.h~ b 'l'lfl'il ~~111'lB hi i1m'I1Vi u~i11'111 m uu u ~1~ 1 ~ :o1u b ~ uu~~., u~ ~ ~ili1m'l1 b u u . ~ 

B ~1~ 1 ~ b1<1~1>1i1m'l1.niltJ~~ b V1PI'l!B~'illi1~'il~11~ u, u1 mm~~~'U1 ~J1<1'u'i1 b Vtm~i.'1llVt1 B hi . . ' 

~~u1 ~J1<1'u b!<l ~11~ bb m'ViB~~J1<1 ~uu u,~u~ ~ <Jrl1~1'illJiltJ~~ b 'l'lfl 101 ~ 1.i'n1Vt'U 1>1 u, 'U1'l!B~m F11 ~Iii 1~ 'l b!<l~~ 
vl1fl1~ Layout b U'UV11~b~Bn11 b 'i'im11ll1b tJ1~u b Vi~'Url'Ubb<l~b~Bflbl 'U1~b Vtm~i.'1lJ~i.'11>1 b YiBi.'1~tJu~i11m~bb<l~ 

' ' 
0 v ' 

'VI1bl'\J'UVI'U~1~ 

tiC. BBmb uu f'11'U1f11bl<l~VI~'l'ili.'1B'U 1fl~~i.'1~1~ bl<l~fl11llli'Ufl~'liB~mm~tJ~n.n'VIIii1~ 111>1ml1 

m1lJibb<J~tJ ~~i.'1'\Jfl1~ru 1 'Ui.'11'll1'i'!!11ii1~ 11 '11mfl1~~m1llli'Ufl~ bb ~~ u, ~~ bl<J~tJ<J Bli1.ri' ~m~.i'1u'im m~ll 

~- ~ 1>1vl1 bb uu U,(l~ b ~ ~u u, uu U,i.'1\i1~~1 ~ (1~ bii ~1>1'l!B'\J b 'll Vl'l!B~.i'1vl1uu iiiu bb<l~ r1 11/t'U 1>1'li'U 11>1 

~1~<1~ bii~ 1>1'l!B~mfl1~u~~b.n'l'llii1~ 1 b -riB b uu bb uua1Vt'i'uu11 utm um~nBi.'1~1~ 



m ~ 1-ii-iimJ mm ~Tu eJVJ n'iVJ <n :w 1'i bl"l ~1~'1-imu~m ru 1hi11 na ~ ~1hJu 1 u~u ~'tl B~ eh ~ bnuJ 1 
" ' 

~1t!VIl;Jbelb111tJflWih Reservoir Operations Study (R.O.S) d'ium~n1VIU111'tiU11111"111:W~'tiB~ell~bnuJl ;~ 
b uuu~:w1rutl1~ell~bnutintl11'il~ 1 ~iiu~:w1mb YltJ~'rlBnuml:w(iimm~ ~'~ 1-ii bb01~ 1 ~'rim VJ:W1~tiuu~mru 
tllbil~tJ~~U~I"ll111'i1'il~bii111'i11fl~U~'i'utllt:luu~nrubVJfJB ell~bnutl1 b111tJ1.J~mrutll~el1~bnUtllm~bnU 11 

~~VJ:w111i1,~~1:wfi~Jlu1~1.i1u~(i(B~~~ b VltJ bb01 ~'ii:wm tJ 1u'i11 nel1~ bnuJ1 bb01 ~~1:wfi~u~:w 1ru't1 eN~'~ ~neJu ~u~rJn 
" 

J 1n111 b 'ill~ Llil'1'11111'rllmVi'urJ:w01~ 1ut \Jell~ bnuJ1 ;~, ~vh 1 ~m1:u~'t/B~el1~ bnutl1iiu~m1'1~01111ueJ tJ 01~ 1u"l nu 'l 

"') mu~mrutll1-ii b -riB m~u 01 nfl'll 1 un111i:JUbb01 ~ "111 bbil' ~'tiB~~u~~ ~V1:u111~ (if B ~ m~i.i ~J11 ~;~' ~ 
~ "I~ VI~ 

i.i~tl11~~~VI:U111 1'101'il111'i1Utl11-ifbyj'ilfl1~bfl~111)~U'l bb01~tll1-ifbyj'ilfl1~'lUb.fll"l1J~b.fll"l'tl'il~~l~~]1 'illflfl1~Fll\J1W 
vh Reservoir Operations Study (R.O.S) 'tl'il~ell~bnUtll~1tJVI:Ubel ;~nlVIU111-ii11bUUfl'll1un111i:JU <11m~!l 

• '\J "1'\! 

i.i~tll1~~um(iiu~~mru i!ld:o 1'iLtm~Yl'll1'ibuuYl'!J'J~Liil'~1(ii~u~u~~mru ~o 1'i l111tJ(i(B~FITw~fi~u~:w1rutl1 
~ b '1-l~'il'il ~ (ii'il~ hJueJ tJ n-J 11"111:W'il'tl B~tll nu ell~ "1 ~~~ ~utl1~1<1 111 bb01 ~ b '1-l~'il'rl m11'1-l'i'U 1-if b yj eJ fl1 ~BUb.fll"lU ~b.f\1"1 

' ' ' 
'tiB~~1~!.P 1 ubbl'i<l~ b~eJu€in(ii1 tJ 

1!1) U~~mruu~m rutl 1~1"11111ll'il~ ~~ b '1-ltJ L\<1~~1'ii:WBBfl1U'i11flel1~bnutl 11 u Lll'i<l~ b~BU bb<l~ 
~1:w~~u ei'm1m~~~b 'l-ltJ'illn1htl11 Uel1~bnutll:ffumitiueJru'l-l.fl:iJ m1:w;ffu 1 um~tJlm!'lml:w bb ~ ~'tiB~"':w'l1111 

" ' " 
"'~"'., <il'l-l'i'uu~mruJlM1'ii:w'i11nell~ bnutl1l111tJYi11u 1 um~u~u~ib ~B~'illnei'l'l~1m~~1'ii:w'tleJ~J1'i11nel1~ 
b n 1J tl 1 blJ eJ b 1.J5 tJU b yj tJ 1J tl1J 1"111 :W ~ fl'tl eJ~tl 1 ~ ~ ~ b '1-l tJ L1i\'1iJ fh U eJ tJ:wl fl 

'") mu~mruJlm'l-l<1<1~ell~bnUtll'illfl-iieJ:w<1<1~~J1i:JUbil~tJ 1 U~eJUUnmn111J1~ @)Q U'tl'il~bblli 
" 

"'~ b~Bu ~u~~1J11 u ell~bnutl1bb<1~1.J~mruJ11 uel1~ bnuJ11 uLtlli"'~~~~uml:wa~'!JB~ell~bnuJl b YlB1>1i1 
" " 

~) fl1~Fl1'\J1 W'l-llU~mrul'l ~ flBUI'I fl'ii:W 1 u el1~bnUtll1 ULII'i<l~U <11'1-l'i'U lm~m~'ll<lU~~VIlU 
'tiU1111L~mJ'n'i1~ 1-iim~nl'l-lUI>11.J~mrul'l~neJu~BltJ'tiB~ell~bnuJ1~ d:o u Lt<i'1m1.J~mrul'l~nBu~l'ln'il:w 1 uLtlli 

' 
;o~u b'i'imuuli11nl'l-lUm~~uJ1~1~1>1 (Dead Storage) 

'illflVI<1'nm~~~ncil1b1>1tJ<I~1.J-iil~(iiu bUu'iilm~~ Reservoir Operation Study (R.O.S) ;~ 
b uu m~fii fl~lfl1~ 1-iiJ l'tl'il~ ell~ bnuJ l'i1iil"l1l:W<Il:wl~(l~'iJ~i.i~J 1 b Yi eJ fl1 ~'ll<l u~~V\1\J 1(ii b uu;i' 1\Jl'\J b vh 1111 b111 tJ 

'iJ ~(if B~iil"l1l:W'il 'tJ 'il~ el1~ bn1Jtl111 b vh 1111 b yj eJ bnU tl 1<1 l~'il~ 111-if ~1'\J 1(ii eJ ~1 ~ b fl tJ ~'riel tl1JI"l11:W (if eJ ~fll~l'l <1 'il111~ ~U 
' 

b111tJ'il~(i(B~'\-1lt~1"1~1J~~ ®1!1 b~B'IJ ("' ~BUU) 'illnnwvh R.O.S. n'il~b~u1~'ilfl'll1~(ifeJ~fl1~1-ifJ1'illflell~bnU 
tl11 Ub~BU 1111 L\<1~-ii11(i(B~fl1~ 1-iftl11 Uel1~ bnUtllb~BU 1 '1-l\J u~mrub vh 1111 fl'il~!lfl<I~U'il<Jflm'i11.J~mrutl1~ 

" ' 
(i(B~m~ 1 i~~'l-l:w1111 Ubbl'i<1~b~Buiimnuwuull>11 '1-lu €in~~cr~ueJnfi~u~mrutl1~.i'uell~bnuJ11 ub~Bu 1111-Lh~ 
u~:w1rutl1~m~B 1 uei1~bnuJ11 uLtl'i<l~b~Bu'il~b '1-l~mvh 1111 1111tJ'il~(iim 1 ~J1~b '1-l~B 1 uei1~bnuJ11:w "l ~uBtJni1 
l1"1mruJ11 u~~.ruJ1~11.11>1 

' 

i!lo 



m~f'hu1 ruil il n u. uu lii1U'11<1f'11<11'1 i u.<1 ~ Lfl~ ~<~h'l 'l!il~vJ1'\.I'U ~'\.1'1'1~ ill.Jil1fl1~tl~~ nil'\J Iii il~vl1 
nWVI'U'Vll'\.1~1tl~1'\.l m~ilmn lm~nl~b if il~ !iiu U.<1~Vi'i11~1U1~<li11Hii.f1:ilti~~~ 'Vlf'! b Vi ti'\JbAtl~ nm~l'i''U b.i''\.1 • 

IV .._. d 
"'· fll1:Unl1~'1Jil~<l'\.lb'l!il'\.l (Crest Width) 

B > cr.cr + o.octcr H ................. (1~1m l!:>ct~"') 

1!:>. ~~l'i'u<i'ub~il'\.1 

~~l'i'u<i'ub ~il'Wiiiil~~~Viil~J11 uei1~biiuJ1'il~ hJ1 vmflu-ih:u (Overtopping) 

bfli1l~u1 ueiw1 ~~il~'il1n<J:u'l-l~ilbb ~~m~vl11 ~il~'il1mb~u~u1 m 

' ' ' 

'1i~bfli1l'i11nfl~'t.IVi 

" ' .., ....... 
~~t1~Yi'u1l1 (Freeboard, H,) Ail~~CJ~'i11m~l'i'u<i'ub~ilufi~~~l'i'u1l1biiunn Yi'~'ilnwvn~~~CJ~ 

Yi'uJ1 (Freeboard, H,) <l1:1.11~mb<li11~1'i'~~tl bb<l~A1'\.Ilru1lil'il1nal'l~ l'l~i.J • • 

hJ" J.O m. 

Wind and Earihquek& Induced Wave He4ht {hwt ~) 
2 

Plood Surchar,e(h) 

d .... ~ 
'iti'Vl &> bbai11~ Freeboard <JUbU<J~:U1'il1n Wave Action 
v 



hw 1'111:U~1fi~'\Jbil81'il1nu::mt:u , UJ!l11 

he = 1'111:U<I1'!181fi~'\Jb ilm~61fl':i~'VIU'tl81bbl'>i'W~'\J 1 vn • 

ha = fi11:U<I1'!1811~1ii'uthil81'i11nf'I11:U~111'Yi6111111'Wm11'11Ufi:UU1'\J 1~mt1tl1 Hi . ' 

fl1:u11l11,lj1'\Jb'YllrlU o.<l~o b:Uil111'Wmru~81F1111~U11'Jtl1<i''WbU'\JblUUU1'\JU1flU (Gated Spillway) bb61~ 
o.oo b:Um L'\Jmru~81fi111~U11'1tl1<i''WbU'\JblUU Free Overflow (Ungraded Spillway) 

h, = fi11:U~1b~8 Safety il11:U'!IU111'tl81b~8'\J1i!ri1mill1,lj1'\Jb'Yhnu @l.oo b:Um 

' ' ' 

.11'1ol~Uf'I11:U~1fi~'\JbU81'il1mb1161:U;111:U Wave Run up bl<i'1 (hw) Fl1'\J1ru1Ji''i11n~m'!l8~ 

Molitor - Stevenson iil1<1:Um1 

hw = o.omlv; hw 
Gl~ tii/ri'. 

=(V*F) + o.olb -o.l!:>oi(F) 

hw = o.oml!:> ; hw = (V*Ft/lo 

= 

F Fetch Length , il1m:Uil11 

1~ tJ ~~1tl11 '\J <h ~ bi1utl 1il11:UVJ!'I'V11~ n 11~111'118 ~61:u b iJ1'\ol1 ii'1 b ~ 8'W1 '\J 

bb 'W1.t~u1nnuii'1b ~8'\J b U'Wil1<1 b:Uil11 



t 
I 

f 
t 
j 

.fetch ,. (m) 

0 -- uprwh (lrlchlplng ..... ftell;llt) 

obtallrwd llly·~o the s.w.e 

""'"} - v-za ~ ·smooUdlope 

-m/o} 
¥-20 m/• Rlptap 

n·mfll1l"i~'Uli~IIS\II;i!Htlftii1~DU 
(111011U~UtJEngineering Manual for Irrigation & Drainage ~Fill Dam", Volume 1 1111'1 128) 

.,f ' "' "' ' m. ~11~~n10~~nti~~~~11~n11~~8~18~~nti 

rhl<ltiV11~ni'wo'i8~'11~lh~~8~~m b~~8~il8~~hlvh~1ti1~ bbol~~il'lli'8~n11~1:Uiimm11 two 

b~V11 (Design of Small Dam,"'"'"'<rl 'llltJ1 bob) 8~1~bnV11~m1~n1wvm~mbbnti?l1m1111'11wru1~'111n 

w h-d 

w = 

h 



. 
thww ~ 1 ~il nT;i\'~iiu~<n ~ b ~auJI11Jb '1-lil ml1 

( "'"' c;;..:) <11m 1 (1 l"'hw ru 1JI 'ill mum 1'> 

'll1J1~'tJeJ~iiuVi~\ll1lJI'hbb1J::'IhlleJ~ U.S. Corps of Engineers 

- Y,*H' 
W,o - kRR (s, -I)' COT8 

w~o 

s, 

~1'1-liimu~v'lla~iiu d'iun1<~tl1~u (kNl 

1'111mh~'ii'1b'V'I1::'llmiiu ( s,~ y' l 
Yw 

Y, ~ 

. 
Y A11lll-11J1b1'il1J'lleH'll1 

w 

e 
Stability Coefficient ill'i1b'Vi1nu ®.<f <11wru Angular Rock 

'I-1Un'lJ<J~ii1J1my~~ (Wmool ill'i1'\.J1::mru It bvl1'll<I~~1'1-1Unbil~IJ (W«ol ~~'il::LJi'lJ1J1~1my~~ 
'll<J~ii1J (D~00) iil'i1'\.J1::mru G>.<f bvl1'lJ<I~'lJ1J1~bil~IJ (D«o) 



. . 
fl1'i1~-ri e tUifl~'!I'U1fl'!leJ~il'UVi~fl1lJ U.S. Corps of Engineers (ec>:c:;;«:) 

fi11:U<1~fl~'U (b:U11i';i) 
" 

'!I'U1111'!1B~il'U'ii'~ (b:U11i';i) 

mH : ",v Slope i!JH : "'V Slope 

D.ro 0&100 D<to DGJOO 

o.<t: 0.®<>: o.i!JoJ o.i!J® O.QlO 

®.0 o.t.noJ o.<t:<t: o.cd!:> o.bt.n 

®.<f: o.<t:<t: o.c:il!J o.bt.n o.c>:<t: 

ho o . .Jm (9).(9)0 o.c:ic>: "'·"'"' 
i!J.<t: o.c>:l!J ®.t.nc:i ®.Off: "'· <f:c:i 

t -rlm1 <J~nu bi'l. ~fl~'U~111~1~'U!l:u Wi'1 t ~BuB Bnm ~~ ,]1 t iJu ~B~11~-Mu'ii'~B ~uu m1111'Vl111'J 'HN 
" 

~'U (Bedding Material) LI'II'J Sherard et. al.,(®c>:bm) bbil~ U.S.Army Corps of Engineers,(®c>:c:ic>:) 1.1 
rl1'1-l'UI'Ifi11:U'H'U1'!1<l~ f111111'Vl';i11'J';j<J~~'Ubb<1111~ 1. 'U1111'l1~~ "' 

d ~ 
fl1'i1~'Vl lol bbflfl~fl11lJ'I'I'U1'!1B~n'i1fl'Vl'i11'J'iel~~'Ufl1lJ Sherard et. al.,(ec>:bm) 

d v 

m1:u<1~fl~'U (t:um) fl11 :U'H'U 1 f111111 'Vl111'J ';i BTVl'U Iii 1 <1111 
" ' 

(b'1J'Uil1t:u111'i) 

0 - "'·"' 
®<f:.o 

"'·"' -i!J.c>: i!Ji!J.<t: 

he>:- t.n.O Q10.0 



Sherard et. al.,("'cibm) bb<t:: U.S.Army Corps of Engineers,("'<iW:<t) 1illu,'W::1h~:wb&l:w 
b~cntl1J'll'W1~1'1<t:o'l!B~m1~m1EJ~m~'W H~~d 

i11'VI'i'u'l'<ti'J~il~~'W (Bedding Material) "il::vhmru1"il1f1 Filter Criteria 'llil~<t:wm~ 

D 
15 

'llll~Filter 
-----"'----- ~ 5 
0

85 
'\ICJ~BaseMaterial 

'llt11~'l'<~I'J (il<tlh:w~~l ~il'llt~1~b~nn-l1buuil'1t~1'W "'~% 1~ml1V1'1i'n 

'll'\.11~1<~~ (il<tlib:wlll~l ~il'llt~1~b~nn-l1bUti'ii1t~1'W w:~% 1~ml1V1'1i'n 
' 

bl'im'JB~ntlm~n~b'if1:: (Erosion) b~il~"il1ml1~'Wbb<t::<t:w m~umnuv'h1iii'VImmbuu bblli~i.iEJ:w 
H~ il m~'IJ~ f1'VIrY1 b~:wvr~ u,llili'm ~il'W<t~ 1 'IJ"iltiil~&lm&l:w rim..1m~'IJ ~ n'VIrQ'11ii'il~~~ti&1ti~ilm1:WiJ~:W'V11 ~ 
il1'VI1~~'ll (Top Soil) 'VI'\.11 o."'~ :w. bb<t:O'VIrY1~'1J~nlii'B~bU'W'llil~~'VI~~~1n~n 'Vl'Wbb<i'~ u,<t::b"il~'!Jb&11Jllii~1EJ 

'J5'1J<tn'VIru1d "il::'IJ~::'VIt!~l"i1 rim1~1~ u,llilii' B~bil1 h hhJ1~ ~'i'mnil ~ b<t:Wil 1i n'J o'VI'ct~~ B 'IJ !111 EJi1'W'VI~il 
'II "' ~ 'IJ 'II 

m1~ ~~~11'111"i1riil<t~1~1"iilti'ih~u,yN bblli'IJ~::'VIt!~l"iTU1~~-)m,n 
' 

o.i!:J~ l~EJm~u~ri'~u,'t.itihiiiBEJf1l1 c;<~% Modified Proctor Compaction Test 

b YiB1 ~~::u1mh:Jt1 1ill<t::mn 1illu,lli~~11 ~b U'WEJB~u, 'VI<t:W ilm1:w<t1~ i!:J % ~~<til~iii1'W 

rri. m~lb1'1~1::Vim1:W~'WI'I~'llil~~1b~il'W (Slope Stability Analysis) 

1 'Wf11~ililf11,1, 1J1J b ~ilt1&1t1 'i11b U'Wiii'B~v'hm~'Jbm1::Vim1:W~'WI'I~<t1~~1 b ~il'W (Slope Stability 

Ana lysis) b vi il~"il:; fl1'VI'W ~ l"i11'111:W<t1~'!1il~ ~1 b ~il'W~~iii1'W'VIU1U,<t:;ill1ti'VI<i' ~ b ~il'W b l'iB1 ~~11'111"i1riil <1~1~ii il EJ 

~'1~ 1 t~'!Jru::~lii'B~ilm1:w'IJ<tB~.ti' EJ "il1nm~~~'Vl<t 1EJ'!J B~m~~1 b ~Btl 1 'W'Vl n 1 mru1~ EJill"i1m1:w'IJ<t il~.ti' EJ 

(Factor of Safety) il~b'Wbnruorl~~tih1illeJ~1~b~tiTY'lil 



' ' ' So' 

nTae:Je:JnU.1J1JL;e:J'W 'il~1i~111<i'nm~'iL1'1~1~Vim1:U:iJ'WI'I~m~~1L;e:J'W llie:Jl.'lil11~111~e:JL1111)1n1~UJ 01 mru ~~;:j 

<il) mru~u~~m~ne:Jl.1~1~ ( End of Construction ) 

i!:J) mruLnunmhili:uei1~ ( Full Reservoir ) 

' 

rn) mru~~~.i'utl1il~il~n~Yi'uViu ( Rapid Drawdown) 

'iLm1~Vim1:uli'ul'l~~~m~L ~e:J'Wol1'W U/S U.il~ D/S 1~f.ltJn&im~il~il~'!m~J1mf.l 1 ueh~.,~il 
eJI)111L ~1Lfi'l.ln'll rno L'il'l.l&i L:Um/'i'W 'il~<i~t:.m1 Vi!ii'1L ~e:J'l.liJeJI)1~1L~t'J~Ilie:Jn1~Ln~..,;~VI<nt'J'!Je:J~il1~L ~e:J'W U. ~~.i''l.l 

tl1~e:J~~~w.i1~Lil~~'W (Pore Pressure) ilt:mllie:Jm~1LI'I~1~Vii'I11:Uli'ul'l~ ~~<ihtJu!lle:J~thmfim1:Ue:Jt'Jb'Wn1~ 
" " • ~ <Q 

1LI'I51~111'W 

1~t'J'il~rl1111'l.l~l'i11'111:UtJile:J~.tlf.l~1~~~t'Je:J:U-ru1.1 (Minimum Allowable Factor of safety) 

ffiillu.u~'l111~t'J Bharat Singh 1u111'1!~~e:J Earth and Rockfill Dams ("'o<:oJb) Table oJ."' 111'1!1 i!:loc:i .r~;1 

Without Seismics With Seismics 

• 
mruilu~~nmim1~1~ {9).00 

<il.<fo 

®.00 

_.,. - d 
1!in1"i1Lfl'l1Z111 

"') W'il1~'t.nil'l!11111 uiJ&i ., iJ&i 
l!:l) Shear Failure ~'il~l'l1~11'il~Ln~~'W lii'~~hulii'1L~e:J'WU.il~ll1'W~1n.i'1t'J~tJ~1~'!1e:J~ Sliding Surface 

Q " 

L tluL<Iu 1fi'~·N nil:u 
rn) l'i1fl11:UUile:J~.tlt'J (Factor of Safety) 'il~fl1'l.l1rulJ1'il1neJI)1~1<i1'W'!Ie:J~1m:uulli'llv~u.~~ll11um~ 

..,;~VIil1t'Jel'WL ~e:J~lJ1'il1nrl1<i'~'lle:J~~'W !lie:J 1:uL:U'WIIi'lle:J~U. ~~~~ Ll'l~e:J'W 1 Vi..,;~VIillt'Jel'WL ~e:J~lJ1'il1ntl1111'1!n 
'!le:J~~uu.il~LL ~~m~vhau 1 



1111'i bfl11:t:,;F111:UJi'!J fl~ill i111ii'1 b ~el'W'il:: Hiiii Simplified Bishop Method 'il~il:w:w&i~ fi'j,tt\J:t: 

m1 bfl~ a'WYi'~'tla~ill\111 'IX b tl'W<i1'W lfi'~'t1a~1~ nil:w u.•h• 1.J~mil~'\Ja am ti'!J'li''\J 'l m:u bb '\J1~~ bbil ::Vl'i111ru1<~:w!ilil 
'tl<l~~~ bb 1 ~ bbil:t: 1m:w'W.IVi bii\11~'\J 1 'W bboiil:t:'li''W'tl<l~mil~'W ii:Uil11'tl a~m1'i bfl11::,1 bbil\11~ 1 'W1'Li'tla~ il11111<i1 'W 

" 
'Liilfl\11JlEJ (Factor-of Safety) ~~.Q 

F.S. 

n 

c 

bi 

hi 

w 

u 

Cs 

R 

a; 

" Cb i + (W - U) tan <1> 

[ J ~ [c~Bi,"+ (sin B,. tan <1>) I FS] 

i[w sinB; + Cs W .a,] 
,., J1 

il1111<i1'W'Liilfl\11llEJ (Factor of Safety against sliding) 

"ill'W1'W'li''W'tlfl~mil~'\J (Number of Slices) 

fl11:Ub'VIilEJ1'tlfl~~'\J (Cohesion of Soil) 

fl11:Ufil1~'tlfl~ Slice bboiil:t:-li''\J (Width of the Slice) 

. 
Fnl:U~~'tlfl~ Slice bboiil:t:'ll'W (Height of the Slice) 

,Jl'VI'Wfi'tlfl~:w1il~'\Jbboiil::'ll'\J (Total Weight of the Slice) 

bb 1~~'\J,J11 '\JU. 'W1~~~m::v'hoia Failure Surface '!Jm Slice 'li''W 1i11'] 

~:U'tlfl~fl11:Ub~EJ\11'VI1~.rnEJ1'W'tlm~'W (Angle of Internal Friction) 

~:UbBEJ~'!Jfl~bii''Wiil:wtril (Angle of Inclination) 

iil:w'Li1:t:i1'VI~rn1:wi'Wil:t: b Via'W'ill n u.~'\J~'W 1 '1111 



1m SUCE 

w 

"SHOD OF SLICES FOR CIRCULAR SURFACE 

MOBILIZED SHEAR STRESS 

cbi $eC9 - N j tonG 

rs 

(cbi sec9j- Nj ton9}sin9j 

FS 

VERTICAL FORCES BY SIMPLIFIED BISHOP METHOD 

Jtl~ m fllllj~~11J,et~U'i~~1ll15 SIMPLIFIED BISHOP 



11im~f'h'U1Wfi1 Factor of Safety (F.S) 

'l1irml'i1'U1rufi1 Factor of Safety (F.S) "il~v'hm~l'i1'U1W\ll1l.J.ff'UorB'U>iB'l'\.Jtl 

&l) b ~tl'U~'\.J(ij"\1\b ~B'U~'U~IifB~fm'Jbfl~1~'1\ rhVI'U\1\bb 'U1.ff'Ui1'Ubb?I~~'Uii1'U~1f1bo\''Um.i~ Zone 'IJB~ " ~ 

1"<1~vfli1 u(il1b~B'U lli?IB\1\"il'Ub.I''U Ph rea ric line bb<l~<i'n~ru~.i1~ 1 'Vl1~!ii1'Ub ~'IJ1flrulll1 Vfmu51'U\ll1l.J bb '1.11 bbfl'U 

X bb<l~ Y 

i<J) rhVI'U\11 Potential Failure Surface biJ'Ufi1'U'IJil~1~fl<I:W111ltJil"ill1lf'l'Ui'lnm~~ Coordinate 
' " 

«:) fi1'U1Wfl1 F.S. lli1:W<1l.Jll1~~~n~11'ti1~1if'U!if1tJfl1 Material Properties m!if"il1f1ll1~'Vl\1l<lil~ 
bb?l~fl1 Pore Pressure VI~B Hydrostatic Water Pressure 'IJeJ~(ij"1b~B'U1Vi'bVIl.J1~<1:Wili1:Wfl1W~'V'hm~ 

. . 
'lbfl11~'11 bV1BI'i1'U1WVI1bb~~'IJB~bb.i?l~ Slice fi Failure Surface 

<t) ~m1l.J'1JeJ~bb~~.i1~1 "i11flm~l'i1'U1ru1u-tiB («:) \li?IB\1lbb'U1 Failure Surface 'l!iibbrl ~m1:W'1Jil~ 

bb~~ Driving Surface VI~Bbb~~~m~v'h1Viml1lb~B'Ub~B'U\li1:W Failure Surface fiu~m1l.J'IJB~bb~~!if1'Ull1~ 

b~B'U (Resisting Forces) 

b) F.S. "il~bvhfiuillll~1<i1'U'IJB~~m1m~VI'i1~ Resisting Forces >iB~?I~1:W'IJB~ Driving Surface 

oJ) v'hm~fi1'U1WVI1fl1 F.S. 1u -tfeJ (b) i.'I1V1~"U Failure Surface ~~il~111~'U!lnm~.i1~1 fi'UVI<Iltl 

"il\11 bfiB1m!iffi1 F.S. ~ilfi1ifBtJ~<1\1l 
' ' 

* m~'lbfl~1~vt1'Ubb>i<~~mru "iln~l.J9i'u111ltJm~rhvtul1lfi1m1l.J<~111l bb<~~l'i1'U1Wvt1fi1m1l.J'IJ<~BI1liltJ 
~'V'h 1 Vibn\11 Critical Sliding Surface bb?l~b'IJ~tJ'Ufl11'111l.J?1111l~"il~'V'h 1 Vffi11'111l.J'IJ?IB\1liltJ~~n~11ilfi11:U~1fl'i1 
fl1 fi11:W'\.J ?I eJ 111.fi tJ~tJ Bl.J~"U 1!if bb?l ~ b fi ilfl11l.J ~1 \11 b ~11 'U m~fi1'U 1 ru'ii ~ 1~ m '\.J~ bbfl1l.JfiBl.JVl1 b\ll B~l.J T!h tJ 1 'U ll1 ~ 

'lbfl~1~'11 ~~1!iibbn1'\.J~bbfl1l.J Ku slope 'IJB~tnfl'l'lf111'11m~l.J1tJo1 :WVI11'VltJ1<i'mn~~f'l1<1\ll~ m'li1tJI'i1'U1W 

1'1 ru<1l.JU~ ~uJhu 1m m~l.J~"il ~l11l.J 11 i1 u m~'l bfl11~'11m1l.Jii'u 1'1~" 1111(il1 b ~ B'U '\.J ~ ~ n B"U !ii1 tJ 
' 

1'1 W<1l.J"Uili'IJB~~'U"il1 mb vt~ ~ ~l.J~'U~"il~U1l.J1t1l.J b i'Ju(il1 b ~B'U~~vtl.J 111 ~~"il~ 1!ii "il 1 n m~'Vl\11<1 eJ"U (il1 mh~ ~'U"U 111 il111 
' 

bb"l..i'U~ Optimum MoistureContent bb?l~fJW<1l.J"Uili'IJB~~'U.Ji1'U~1n111ltJll1~'Vl\11<1B"U(ii1B~1~~'U\ll1l.J<1tn'ri 

5~~l.J'lf1~ (Undisturbed Sample) fJW?Il.J~'IJm~'U~!ifeJ~m~ 1!ifbbri 

"') J1vtUfl~'U 1!ifbbri Dry density, Moist density bb?l~ Saturated density 

i<J) i1l.J'IJ~~11'Vl~fl1~~1'ill.J (Coefficient of Permeability) 

.,) n1<i'~bb~~bOeJ'U'IJeJ~~'U (Shear Strength) ~~'\.J"j:!flB"U!if1tJfl1 Cohesion (c) bb?l:!fl1 

Friction angle <<Ill "il1fl Direct Shear Test 

<no 



Pore Pressure 

bb ~~~'\JJ1bbil~<nfnl'l.fl1tJ 1 'W'liB~'i1~~~vri1~UJ~i'h.1 'VI~B~b~tJ n'i1 Pore Pressure 1~milYn~ 1 '\J 

mru'tiB~~'\Jb~~il~LBtJ~ (Fined Grain Soils) b'li'W bbfl'\Jb~B'\J btl'\J~'\J btl'U.i'1m~<h'i'f!!~'l'111~rhl\'~~\Jbb~~ 

bQB'\J'tlm~'\J (Shear Strength) il~m ll'\J~~btl'\J~il1'l-lrn1~~'\Jfl~'tiB~il1~.i'1b~B'\Jil~il~~1tJ ~~~lli~.IB hJil' 

s C + (0 - U) tan~ 

d s Shear Strength ~B 

c Cohesion 

~ Friction Angle 

0 Total Stress 

u = Pore Pressure 

Pore Pressure ~~nn~:ff'\J~~mn'VI~B'IJBCJ:ff'\JB~tl'Uflruil~twi'tlB~~'\J 1Jiu.ri Compressibility, 
" ' 

Permeability U.il~tl~mruJ1 I <nml'11 '\Jb -du~'\Jb tl'W<i1'W 1 111qj .r~0'\Jm~'U~ll~~'\Jfn~~Bn~:Wm~1~ 1~ '1\Xil 

rn1~:ff'\J 1 '\J~'Wmmn'Wrn1~'ihb tl'W~~~~il~il1'1-1 Pore pressure b ~~mn:ff'\J 

fl11rl1'VI'\J~fi1 Pore pressure 

Pore pressure Coefficient (Ru) ~~b tl'\Jft1lllll11<i1'Wvl~.Q 

Pore Pressure u 
Ru 

Overburden Pressure rh 

'""' 



\J1tlt-~<lm'i'iLfl'i1::'\·;L•m1iih.i':mm:u KUslope lwmruf\111 seismic 1~ .r~d 
<») mru~'t.l~l1ln1'lriB<1~1~ (End of Construction) 

-U/5 rh Factor of safety (min) = ho<:ctct ><».oo 

-0/S rh Factor of safety (min) = hctcto<: ><».oo 

v 

~) mruLn1Jfi'm11 

-D/5 l'i1 Factor of safety (min) = ho<:ctct ><».~ct 

m) mru'i::.i'1JJ1<111lmB~1~'i1\11L~1 (Rapid Drawdown) 

-U/5 l'i1 Factor of safety (min) = ~.ooilv ><».oo 

<1'l1J1~11\J1 tl m'i 1 if[ th u.m:Uf1B:Ufl1 L'l B1r'hmruvnm1:ul1'u fl~'ll B~m1111ii'1 L ~Bu.Ji~~1'W'V1'\J 1 (Upper Stream, 
' v v .d :; ..,. ' otd 0 

U/S) U.<1::\111'\J'Vl1£JL'!IB'W (Down Stream, D/5) 'VI~ '" mrut-~1'WLnru'I'I'Vln1'VI'W\11 

oi) nl'i'i Lfl'i1::~ tll'i 1 'VI<1'ii:U'liB~J1 ~1'\.IL ~B'WU.<1::.lj1'\J')ltl 

fll'i'i Lfl'i1::~ill'lt1D'i::<l~rl L flB 
' 

n) BB n U.1J1Jtl1'iU\11~'W n1'i 1 'V1<1'!1B~J1~1'Wiii'1 L ~B'WLL<1::.lj1'\J'i1tl'Yi~B:U.Ji~1J'i:: LiiutJ1mrutlTffi '111<1 

'ii:u~ 1'\.IL Vi EJ1J fl1J:u1m.lj1'W tl1'i~1'ii:UVi EJB:U~1J 

'll) m1\J1J1L 1(1J~<J1'il Ln\11 n1'ifl\11L'if1::LL<1::~\11'Yi1 L:iJI1li1J't.l.fl1EJ 1 'Wiii''l L ~B'WU.<l:: ~1'\J'i1tl 'Yi~B:Ufl1J 
~ 

1J'i:: Lii'W fl'l1:UL 'VI:ul::<I:U 1 'Wn1'iBBtlU.1J1Ji'W mB~ U.<l::'i::1J1J'i::1J1 EJJ 1 

fl) tJ'i::Liium1:u.i'uJ1~Lnl1l'i11nm'i 1 V1<1'ii:u Lvlm1111J'I'i1'il<IB1J 1Bm<~mnfi111 Boiling ~1u 
v ... ' ' ' ' vfl ml1 LL<1:: f111:U .i'u\l1ViiJ t-1 <1 L n EJ'l-if B~ fl1J tl1 'l'i Lfl'i 1 ::~ f111:Uif'W f1 ~'!I B ~ <11\11 L :fi B'\.1 

~) L uu u. 't.l'l'Vl1~ 1 u m'itl1'VI'W 111~1 u. wti~ Lfl~mil Bm'l 'ill 11l'Yi(]&i m1:u L ~B'W LL<l ::1 111u1m ruJ 1~'ii:u 
~1'\.IL ~B'\.1 1 'Wn1'i'l'i1'il<IB1Jf111:UD<1ll\11nEJ 



®. f1TH ~~'U Flow nets 'U'U'I-l'IJllll~'in'!~'!lfl~l;h ~!l'W1 'U'llf.1.1:>~Loi''U~1tl11 'UU.f1'U~'UL '1·1'U~Ti'h.nl1 
'J:>fhtnru1~~ 1 ii'ili'll<~~ Casagrande.(®o<<n<ri) 

1!:>.15 Finite Element Seepage Analysis ;~m:;v'h1m~~1mu<u.mlJf1€1lJYl1Lil1!l'l ;~il 
<llJf11< Laplace's Equation f11'U~lJm<1'1-1<ltJ'U~'U~~il Boundary Condition ~~1tl11.J~'Uhi'Lfl~fl'U~t.'i 
#i'~u.<~~~ 1 u<u 

" 

'"-, ~-., 1 
~ __ /;f --~~ ·-" _:f-J 

-~ r·r!~;~~:." / . 
/ . ,. 

[w'"(c:~~:J=,s-~ 0 

{J) 11 ... 1>:)01 ZCNL 

~) COl<! 101'£ 

0 ....C><flt,l. 10( 

@ ~""' fi.OY LlO<£ 

® IIAJI ~Ant>L• 

Nf - ' 

.... - . 
..... "M .1L 

No 

.! 0 Vtl' UliA~••lll'II\H Top Flow Line ua:mu 1PIH, 



. . 
m~ L :fii'J'U L.I'U Phreatic line <i1'V1~'\J m~'l Ll'l~1~,\m 1lJif'UI'I~'lJiN~'l L :fiil'U~'\.1 

Top flow line 'VI1il Phreatic line i~il~.fl11'JL'U~'l'vi1'U'\J~'U 'U'UL.1'1.11f Hydrostatic pressure iil'i1 

LU'\.1 "o" ~'l'UL~L.1'1.11i'm1lJiii'U Hydrostatic pressure ill'i1LU'U'\J'lf1L011'Jn1'VI'U01LoUR1~L"'hilm~!iiuJ,Lnuiln 
l.n.Yhn~ru1 fiil +<f<no.ooo 

. 
I'IW<IlJ'U1i'lJil~ Phreatic line il!ii~i'l 
' 

"') illlu.'VI'ti~'lJil~ Phreatic line iJ'Uil~ii'mtJ~01'lJil~~'lL~il'ULvi1J'U bjiJ'Uil~tl'UI'i1 Permeability tl1 • • • 
LU'UL~il'U~ilLdm~I'J'ltl'Uilli1il01 (Homogeneous Dam) 

i!:J) Phreatic line LU'U~U Parabola I'Jf1LoJ'U~Il1Lif1u.i1~~1llililf1 ~~ll1Lii1 Phreatic line ~~-r~,;nnilu 
'U , • q 

f111lJi111l1 L 'VI L 'VIU ilJ1 LLiii~~lllil il n~~<i'lJel'i:l n'Uil'l<lllll L 'Vl{h 1.JiJ Filter 
' 

'") tl1 Filter ili'J L'ULL 'U'l~1'\J 'VI1ilil Rockfill Toe ~~!ii'il~ilnT>U~'UU.nl'i11~()f1tii'il~ • • 
<() uleJil-51.1 Pervious 1tii'L~il'U~'U~::1uili:-J<lliiil Phreatic line 

... ' ... ' . 
"'· 'VII~::I'J:: m rlil'\.1 ~::I'J::i'Jfiil 1::1'J::~1'UVii1'l'l.hLLil1::~1'Uilf1'U'VIU1L:fiil'Utl'U)i1'UL:fiil'U 

i!:l. 'V11ill1LL'VI'Ii~~ B' ~i1'lJ1Lilli'J BB' ~ o.mo m 

"'· 'V111'i1 yo i~ill'i1Lvi1ilu Cd"' + h "'t"' - d 'VI1ilil1~vn 1m011'Jm'i1i'l~L'ii'J'Ummllli'J 1-ff~l'lil AB' ~Ill 
)il'\.1 ;;nm.1'1.1~~"n B' ~:: 1!111'11 yo 

<(_ llll~::CJ::_,n~lll A 1tJvm'lJ'l1Lvi1n'U Yo I i!:J ~::hi'~lll ao i~LU'\.1~01 Vortek 'lJil~ Parabola 
' ..,. .d «!j 1!:1 I!J 

?llJfll~ Parabola lJ Focus "11~01 Ao l'lil x ~ (y -y0 ) I (i!:J*y0 ) i~?l1lJ1~() Plot ~tJ Basic 

Parabola 1!11 

<f. tiliJ~ilm~tJ~'\J Curve L'iM~()f1tifiJ~!ii~d • 
- ~'Vl1~Lif1~~'lL~il'U (Point of entrance) ~~Ill B tJ~ut~.r~Q1f1fl'Ui1'lJ1 . ' 

- ~'Vl1~ililf1 (Point of Discharge) ~J1'!ilJililf1'Vl1~i111l1Vl1CJL~il'U~~01 C LU'U~Ill~ Basic 

Parabola ~lllL~il'U~~::CJ~ a + t1a ll11lJ<llll1Vl1CJL~il'U"f1~1l1 A Seepage line ~~ntii'il~fiil 

~Ill C ~~::I'J:: L1a 111"1f1~1l1 C 
' ' 

"') a+i1a ~ Yo I (@1-COSU) 

l1a " 
i!:J) a+ i1a 'VI11ilf~1f1m1'1"l'VI~illl11~1~f11~U~'\J u.nL.I'Ui1'lVJ1 CJ't11 
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,:) Rock fill Toe 

b U'W~~um~'U1mhrnt~ 1 'l.lol'l b~8'l.l'th~ul'll'wti~ miu~b 'lruci'TJ1b~:w b .;;81 Vf<~1:Wl~f.ru8~n'l.lrn~ • 
nli1L'IIl~viu~nru~il'l.lb~8'l.l el'WbC8~ll1'illmhihm~8'l.lbll8'\;l'l.l~'l.l<l~ ~~~u Rock fill Toe rlTVI'Wii11Viih~~U<I~ 

~ . . 
n-l1~ ~ lii'u 111 ~~ b~ m4 8 t1 ~~ 'il ~~'l.l 'il 1m~ lii'u1h ei m!f \J Vi 1 t1 b ~8'l.l tl n~ Yi1 'VIihvi b U'l.l ~ ~u m~Ul ml1 m t1'l.l8 n oi1 

b~8'l.IVlb:08:wlii<Jnu Contact Drain l.b<l~/'VI~8 Open Drain b'Zi'l.ln'l.l 

Rock fill Toe mm~<l~1~b D\Ji1'Wviil'ti'Wlli11 'VI(Ubb<l~'l1~8~1J'l.I~'W'\i~'ii1b U'l.llli'8~il-ff'Wm'lli1'11~1tl 
• • 

~8~i1\J Iii~ mi11 ri <J'Wvi 'il n l~<l~U'l.l ~'l.l ii n-ff'WVIC~ b .;;m:J 8~ n'W n mm nli1 'illl<l ~ 1 \J.ff'l.l ~'l.li.b<l ~il0~ n'l.l rn~~ii1'1-n ~'l.l • 

nu Rock fill Toe 8~tlmt~vibD'l.l~8tivl8~~'VIll~<llli1b~8'l.lbb<l~~'l.lb~:w b~8'l.I1Jl~bb'IA~8l'il'il~il'il1~rul~li1~~ • 
Contact Drain 'il\J1i~'illi1b~:WboUl.ii{'l.lvi~11JU~nrui'I8~~~(\'1Jlb~lJ mi'1'\i~b~8:Wvl8n1J Open Drain vl8Ltl • • 
~tlbb 1J1J'tl8~ Contact Drain b D'l.l~l~~~'U1t1Jl~tli'!lllb'VI~ti:Wffi<im'lli1'VI~8i1'W~8tl'tl'l.llli1vl1~ 'l vib 'VIlll~i'lll<l~ 
" " 
1 tl'i!'Wil'i~~u<~~ n-l1~~~u ~'l.l b~:w b~m! 8tl 

" 

"'o."') rn~'VIl'tl'l.l11i1'tlmm11i1'V1~8i1'W~8tl (Gravel or Crushed Rock) 

(Gradation) f'll'W'lW'VIlL~1111:Wbnru'l'i lii'~iJ 

.; 
LlJ8 D.ro(G/R) 

D,.o(F) 

D~.,.(G/R) 

Dop 

Cu 

= 

= 

= 

D 
c =_60_ ::::q 5-80 u . . 

Ow 

. . 
"" 0 "" ' 0 

'tl'l.llli1~ b 'ill~ b vmrn~~~u1 tl'l.l1'11'118~ ~u1 tl'l.l1 
" 

Coefficient of Uniformity 

mb 



• • d " '111.11~'11iN fl e:J'\.1~1.1 )e:J tJ<l~'ll<l~'II'W1~'Vl b<l fl 

n-l1~1~u 1~mhwwn • 
'il:U. '111vnTn ' 

1~tJ't.b~mru flfl. 

l!:Jo ""'' @)00 

®lt C.:.tt <to- ®oo 

@0 @.CO: mo · C.:o 

co: 0.@ o · O:Jo 

'Vl11tJbb<l~~1.1~1.1 • 1.1<ltJfll1 tt 
' 

d 
D • .;:(bed) 

<1.1 .% d<=! ~ ' 
b:U<l 1<1mm'I'I'W'Vl:U'II1.11~b<lflfl11 "'tt% 

' 

o.,,-(Bl 
IV <V d d-=1 ~ I 

= 1<1~(1:U(;I1 b 'll<l'W'Vl:U'IJ'W1~ b<l fl 1111 oitt% 
' 

D • .;:{R) 
IV ""' .!" d.::1 C.: I 

1 <1 ~11!1.1 'VI ~'Vl:U'II u 1 ~ b<l n rn 1 "'tt% 
' 

o • .;:{bed) 
<V J' d<=~ C:::: I 

= 1<1me:J~'I'I'W'Vl:U'II1.11~b<lfl11 oicto/o 
' 



L~€1 1Ji{1J1h·'IU fl fllll'Vl1J ~'UVi1Jthffi -iJ t:ll.J!ih L ~<J'U'il ~ Lillllfl111J1J WJ1 VI~ <Jfl11'VI11ll Wl1'll<J~ L ~ <J'U ~'U 
' ' 

:ij ~i1J €1~ L~ €11~ 1Jl:'VI1\ll Wl1 L<ll1l fl1 )'VI) ll!Wl1 'll€1~ L ~ <J'U'ill:~'U n1.1 1'111l.J<I ~'ll <J~ii'U L ~<J'U LL<l~l'l W<ll.J1J1i'll <J~~'U~'l11m , , 'II , 

t1l.JWJ1 L ~<I'U11l.JJ/~'Jljfl11n<J<1~1~ fl11fll'U1Wfl11'VI11ll~1'll<J~ L ~<J'UV111Ji'ill fl<ll.J fl11\ill~ 1 ol~.n 

- USBR Design standard No.c;,m 

s o.omct(H-c;,m) 

s o.ooivH fi~ o.oo~H 

d 
Ll.J€1 s ..., d ' 0:.: 

= 1~ 1J ~'VI1\ll\il1'll<J~ L 'll<J'U VI'U1 m iJ'ULl.Jiil) 
' 

H = 1'111l.l~~'ll<J~L ~au Vl'li1mDuLl.llil1 

fll'U1W'illfl Empirical Formula ~L<I'U<J11ll1J THOMAS (c;,.,:.;b) 

d 
Ll.J€1 

d 
Ll.J€1 

s 

H 

s 

(o.ooo~H-ffi.ffib) 
®0 

o.oc;,H 

" 
fl1 1€1€1 mL 1.11.1 <lli'I111~1.111J'I11ii"'U (Spill way) 

L Dum ll.l~<llVI{tJ 1-ir L Yiam1 tllVI'U lll1U~l~<i" n~ru::'ll a~a 11'111 u,<J::<h'U'LJ-;;~ n <11J Iii 1~ "'ll a~ a 11'111 
" " I 

-;;:: 1.11 mhii u m"J <~ <11.1 m ll.JJJ u 1'1 ~'ll a~ €111'111 m-;;'i L m1 ~'ll'l'lt] ~ m 1l.l m-;; 1 VI <I'll a~J 1 Viii\~ 'ill n m-;; ria <1 ~ 1 ~ 
<1 11'11 1 LL<l ~ fl11 n lVI'U Ill fl11D <1~ nu 1'111l.IL~ 1JVI11J el'U L ;j €1 ~l.Jl 'ill fl fl111 VI <I'll €1 ~ J 1 .J 1 'U 'IJ <11'11 <I Iii { ~ ~ . " .,. 0 v .... .... ..... .,. 
111J<l:: L €1 1J Ill fll) €1€1 fl LL 1.11.1 €1 11'1111 l:1J11J'Ul <l'Ul.JVI<l fl fl1 1 lll~'U 

c;,) fl11fll'U1WeJiil)lfl11 1 Vl<l<l~<llllC·ll'UWJ1<1ll'l111l:1J11JJlii'U 11ll1J 1-iJtJ~l.JlWJl'U <1~1€11JU fl11 Liilll 
" ' 

.J1~ \vet U (GilV!{ml'U'IJ<lU':il:'VIl'U'll'Ullll L~ n) ~~'il~i1J<J~ hJvl11 VlLiilll fl11vl1l.JLii'U1l:ol1J~1J<Jl.J{1J 1Jl 

VI11Ji'illfl~\il) 

Q = CLH""" 

Q 



.fg, g,.f.,j -<o.~g,l g., ~g., v ..... 
1£>) f1 1'HJB f1 1.1.1J1JVflJ 0111.JVI1.J l '111.J'VIflfl1.J mill \lll1.JVI1.J l eJl fll11 ~1Jl ~ 1.J l Ill fl~ 1;'1 ll.Jl'ltl \lll1.J'VIl1.JLL 1 ~ \li1.J 

~nih (Uplift pressure) 1ili'll11enfll11~1Jl1J~l1~ fl1l:UVI1.Jl'llfl~~1.J€Jlfll11liufl1Jf1'll o.mo L:Uill'l L'iii<Ju<J~il1.J 
LL 1~ m~ LL 'VI f1'llfl~~l1 111<1\ll f1~l n.l1.J~.h ~ 1:u 1-Mfi'V~ L 'lll~~1.J fllfll'l 

nl1fll1.J1 (lJVIlm l:UVI1.J l'll fl~~1.J!if l1.JI.I. 1 ~~1.J~ n\111 fl11 L~ mnru'fifl1l:UD<1 fl\ll n ~ "'-'n 1.1.<1 ~ 
i;'ll:Ul1tlfll1.J1(\J 1~~lf1i;'I:Unl11li<J11.J~ 

t 

t = 

= 

®.m y: 

Ji 
fl1l:UVI1.J l 'll fl ~'111.J 

v ' v 

ulwunww~VIth~'llfl~ul 

m) nl1flflf11.1.1J1J~1.J~l1.J'Vll~ fl1l:Um1'llfl~~1.J~l1.JVll~~l~ LU1.J1Dilll:U'li1.Jl\llfl1l:U~l1'llfl~ril~~1'n~ 
(stillin~ basin) v1L~<Jn H u.lli'Wm>~:: 1-M~1.J~l1.JVJl~~l~1.JLL<l~V11.JlU<Jmn1.J 11.J L 'iii<Jumn1.JLmm:: u. 'VIn'llfl~~l 
1 Vl<1\llf1~ln<l'1.J~l~ 1:u 1-MilV~L'IIll:Vlfl~~lL~ ill:,T1.J~1.JLlJfl11V11.JlUfl~n--h o.mo L:Uill'l 

c;:) m 1fll1.J1 rum m 1:u L 1~~~'\J~h ~ m1:u L htm ~~ 1~ ~'\J~l ~jjml:u<hi' qJili fl m> L~ <Jn'll'WVI'llfl~ 
ri1~~1ti~ 1;'1ll.Jl1tlfll'\J1 ruVIlml:u L 1• L\li1J<Jlt'11!VIii' n m>'llfl~'l1ii'~~l1.J~l n1;'1:u m>lli<J11.J~ 



2 rll'MIIimu 

~~~ --------------

1 4 

p 

2 
'vl /2g 

= 

.; 
blHJ ill ~m\li 1 ~'!Ill~~~ ti\\ri~, U vl TU'VI1J' 1 bl<l ~ vl1U vh !'I~ 1 !'I 

p = fl11lJ61~'!1B~~u~1!'1'\11nYluvi'1u'V!1J1 • 

ho fl11lJiin'!JB~J1b'VIiiB~lJ~1!'1 
q 

Vo P+h0 = fl11lJ b ~'l'!lll~J 1vl1U'VI1J'1~1!'1 

q tl~lJ1rum~1'VI<11liB'VIfi~'VIU'l!'lfl11lJnl1~'!1B~ Approach Channel V11J'1 

~1!'1 

d@ = ~'J1lJiin'!IB~J1~~U~1!'1 

v@ = 
_g_ m1lJb~'l'!lmJ1~~u~1!'1 
d, 

,:o 



b ~m'h111UI'Ifi11:Ui.'l~'!lil~ n1 bb Ym1~ b 'VI 1 vti.'l~'l'lil~'ii~U il~ nu~ 1i\'u ill~~ lil m1 fl1U1 ru fl11L111i.'l'!l il~ • • 
tl'lmrum1L111i.'loh~ '] ili1:U'!IU11'11il1JDfl11bnl'li'1~ ~.ocr 1'1 i.'l1lJ11(1f11~vhltii11'1tJ1m5 Direct step method 

b) fl1'i1bfl'i1~,\fi11:U1iniJ11.JVhml1 (Analysis of Tail water Depth) 

f'm:w1inilwvhtJ~1 (Tw) d'Jwm:u1in'!IB~~1~bnl'l~um:wi.'lm'l'ltln~ (hiil~1tJ'Vll'l~1'!111~il1 
~1) '!I B~<l1~ 11.bi.'l ~1/l·thil 1'1i11uvh tJ'!I B~il1~~1ti~ (Stilling Basins) m1:u1i n'!IB~~ 1ilwvh tJ ilm1:wli1fi'qJ Iii B 

fl11bfll'l Hydraulic Jump l.bi.'l~fl11rl1111UI'I1~1'i'1J'!Im~uil1~~1ti~ (Stilling Basins) 11'1m~i111J~1il1uvhm\'m 
v v 

mnn-l1111~mvhnm~l'i'uw1111li'~ Hydraulic Jump ilu~uuui\'1 .1'11.b111U~'!IB~m1 Hydraulic Jump 'il~ 

bfl~ ilU~ilil n:U1'VJ1~iJ1U'vh tJ~ 1'!1 miJ1~~ 1ti~ l.bi.'l~'ii~Vh 1 Vl bfll'lfl11fi'l'l b '!l1~il ~ 1~1UI.b 'i ~Iii il~U bbi.'l ~ill~~il 1~1 
• 

1 U n 1'irl11/IU m~l'i'1J~U'!Iil~fl1 ~~1ti~,fU 'iJ ~~if iJ~iJ n 11 b tJ~ tJ 1J b Vi tJ1J fi11:U1i ntlfluVf 1 tJ ~ 1 n1Jfl11 :U 

1in111li'~ Hydraulic Jump b~iltl'lmrum1l111i.'~'!IU11'11'i1~ ']L'VIi.'llilmnn~1tJi.'l~mlifmilm1~1'1Vh Rating Curve 

'!lil~'VIihlii'I'I'Vl1~i11uVf1 tJ~1 tJ ~~ 11'1tJti n~ 'il~ bjilm'iill11'ilil'l-ifB:ui.'I1~1'11J~1 111~ilfi11:U1i n'!lm~ 11.bi.'l~ti'lmrum'i • 
L'VIi.'l ~~lifB~ilm'lYl'ii1'iW1~1'1Yi1 Rating Curve 11'1tJil1PltJfl1'ifl1U1W'i11ni.'I:Ufl1'ibb:UUti~ 

d 
b:Uil 

0 

0 

n 

A 

R 

p 

5 

= 

= 

= 

1 

-n-AR<~. s'h 

fi1<i':wtl1~ii'Vlll n i.'l1lJ11(1U 'i~ bilu n1111U I'ILil 'il 1 n'llill'l'!lil ~1 1.'11'1'111~ il ~u ili1:U ~ 1<1 1~1 bbi.'l ~ li' n 't-lru~ • 
'!IB~<l1~1 (~~'"~~b1iBn 1-ifh'i'inn'VIu~iiB '111~B.i'111~b~tJ1-ifB~n1J'lli.'11'11i.'lill~ bbi.'l~m'i 1 '111i.'l1 um~ul'l) 

~UillilUfl1'li.'l51~ Rating Curve 'l'lili.'IILILil l'i'~ll 

"'· Yi1m'ili111 'ii'VI'IJ11ii'l'l'!lil~<l1~1m~\i\'1u '111U~~'il~i.'l51~~1 tJ 
v 

0 0 cv voo 

'Vl1n1'ii.'l111'ilfl11:Ui.'l11'1'l1U'!Iil~'Vlil~i.'I1U1 



m. 

«:. 
<t. 

b. 

fri. 

b ii1J'U)UV11hi11111ih 1Jl.J1111)1i'i1'W~ b 'llll.J1~<1:u<1~ 1 'Wm~\111~ 
• v • 

tl1'\II'U\111'111:Uiin'ti<J~~1fi11lll~'j b'i1B'III1fi1 A, P bbiO~ R 

v'h m )'\.J., ~ biJ'U tll'III'U 1111'1 1 n m:u'llil 111'tl <J~'J 111 fl'\11 ~ <J iii'W bb<1 ~ il n ~ru~'tl <J ~ li 1 J 1 
' 

fl1'U11\J'III11'i1m1:u b ~1 bbiO~BIII )1 n1) 1 '111<11111:U<I:U n1)'tl <J~ bb:U'Uti~ 
b ii1J'Um1vJ bb<I111~1'111:Uil:u.,;''Ulh~'lll .. ;i1~m1:uii n'lll~m~#i''UJ 1 bb<1 ~B'•m m., 1 '111<1 .a~ M <J 

Rating Curve 

1 'W m ru~il m.,'\.J~'U bb.i~ li1J 11ii'1'WVi11J .imnm:il~J 1ti~ b U'U ·th ~.,~ EJ ~ m1:u EJ 11~ b 'VIm~ <~:u m., 

'ibl'l)1~1-1'1111 Rating Curve 'il~1ifiiv:u<1'111ihlii'111bb<1~iln~ru~'ti<J~ci'1J1'il1nm)'\.J~'Ubb.i~ci'1J1 • 

1 'Wmru~ml'l1)'tl<11'11<11111 b "ti'U ~1EJY1111J1 <~-i'1~:ff'U t 'Uci'1J1ll)):U'ti1~'111~BI'I<1B~ !ilv~ilm.,uv~n'W 
nl)tl\11 b '111~'ii~B1'il'il~ bn111:ff'U 'ill nm1:U~'U'U1'U bb<1~1'111:U bb )~'tJB~m~ bb<1J1 ill) ~'1i1 ~ .iv'tl <J~'tl <J'U B11'11)tl'U b ;i Biii'U 

1111 EJ b u vn ~Iii 1 'UVJ 1 EJ 'ti<J~ <J 11'11 .,., <111J'I'lil ~~ 1'U 'Ill~ mi 1 ~J 1 ti ~ 'ii ~ m., 1 '111<1 il 1'111:U ~ 'Uth 'U bb<1 ~ ill'l ~ 'Uij1 J 1 

nl)U v~t'i''U m., n 111 b 'lll~vY~Yl'UVi v~J1 bb<1 ~101 111\ll ~~.,B~~~ii nil EJ:U 1iii1'Wv\~ i1'W b~ 1J ~ 'lll~vi1'Wb ~ EJ~ 
EJ 11 bb 'W1 L1111Jilm1:u 1!11'tlv~m.,uv~ n'U:ff'Wv ~ n'U'llil111'tlv~iii'WVI v~J1bb<1~<11111111~~ bb<1~m1:u b ~1'tlv~ m~ bb<IJ 1 

fri. &>) 'ti'U1 \11'tl B~i1'U y\~ 'Ill~ Bi1'U b ~ tJ ~ 

'ti'U 1111'tlv~i1'Wv\~'III~Bi1'Ub ~ 1J~Vl 11! <J11'11)<1<11 EJYlil~~l'U;ff'U v ~nuu'il~ 1J.i 1~ '] b "ti'U 1'111:U b ~1 
m~bb<1J1 VJI'I'Vll~m., 1 '111<1 <~.rn'l'lm)~'U'U1'U'ti<J~m., 1 '111<1 bbiO~iln~ru~I'I~'U 'iilm.,'lll1'ti'U1111i1'U~uEJ:u 1ii #l~i'l 

&>) 'iil'llv~ USBR 1m~~ bb<I111~1'111:U<i':u.,;''Uth~'llli1~'ti'U1111'tlv~i1'W'III~<JJ1'111Unt'i''Um1m ~1'tlv~ 
m., 1 'IIIIO~Vlv~J1 'ii~fi1'U11\J'III1 h'i'EJ1n 1 'U'Vl1~'\.Jjj'U'1i1 m ifm1:ub ~1bil~tJ'tlv~m~ bb<IJ1\ll)~!li1bb 'IIIU~'ti<J~ End sill 

'tlv~ei1~J1ti~ (S tilling Basin) <\'1'111~'\J <J11'11)'ll<11'11<1 Ill{ m:Uilm1'11"l<I<111JYli\'~~1'U 1 Vf'III11'111:U b ~1m~ bb<1J1 'ill n 

<~:um.,.iv1ud 

d 
UJ<JA! ~ 

l!J) 'iil'll<J~b'UB~ (Berry) <I1'111~'Ui1'U~ilm1:uci1~'ii'1m1~bvhn'U l!J.b<r <11:U1)'1111'ti'U1111'ti<J~ i1'U 

'illn<~:urm.i<J 1ud 



trl;>J 

n.L~~~MrlLe!ll 

J:.Lt,JLB~Bil.L!'rlL~n.L!fU!lftLtt,J~Bil.L!A 1 :>' L~U rlB!;'J:.tt,J[t\ L!'rlL~r1.L)p~rl!; m~~Bil.tLrlftLtt,J ("" 
. . 

J:.lllrt1 o·;:o 

L ~U rl B !;'ftt lll11 rl L ~r1.,klB(}Ii\ 1 L!'~Bil.U l!ftLtt,JL~U rlB!;'!:.lYftl L!'B(}Ii\ 1n.L)pNll; m~~Bil.tLrl rtLtt,J ("' 
. . 

!:.lllrt1 'n.L~~e!Mrl L elk!~ LB ~Bil.rl LIA.r1.LI;)@J:.li\rlL ~~Bil.Lr1.8LIA.r1.LI;l UOJd\f rl.Bil.~B fl. mil\ 11 Llll "' I ~ ~ !<>" ~ fll t1l I 0 

~J:.Illrl.rl.11UGGe!li\ L !:.LUL!:.Ill,\,>rl._\;I~B~t,JI;)Bil~e!li\ L J:.LU~Bil.Ul!ftLtY = PO 

J:.lllrt1 'rlL~~Bil.LI'G(:Ii\1n.L)p UOJd\f rl.Bil. 

~Bil.~f\11\ 11Llt\~!:.lllrl.n.11 UGBe!li\ \ J:.LUL!:.Ill,\;lrl._\;I~B~YI;)Bil~\,lli\ \ !:.LU~Bil.Ul!ftLtY = "0 

(J:.Illft1/~Lr1.tj!:.lllft1\.1Lrl.U~) 'Lr~LIA.~Gil.~L~UftLtt,Jrltfl.li\~B~1B)'lelli\\!:.LUL!:.Ill,\;l = b 

!:.lllft1 'L!'rlL~r1.L)p:lLJlo11;l_\;I!:.LUr1._\;I~BlJ.r1.lfl~Bil.tLrlrtLt.Y = P7 
• 

J:.lllrt1 'LI'B(:Ii\1n.L)p:lLJlo11;)_\;IJ:.LUr1._\;I~BlJ.r1.tfl~Bil.tLrlftLtt,J = "7 

Po ;:>'® -b OO'trl = P7 \\ 

no ;:>'® -b ;:>;:>'"! = "7 
\\ 

. ' 

Brt1 ,., 

_l}fb \ G )'l~Jf)t\ !:.LU rtllr1.Qo 1 fb!:.llll!:.LftLil:le!11 :l Lllo 11;l_\;IUll~Ul!ftLtYI;l~1J:.LU~Bil.J:.LUU~Ii\ 

J:> t f"ll;)l Lli\\1:lL!:.Y1 ~J:.LUn. t~LIA.W 11[! ~rl!: 1n.(l.J:> t !:.LUI"ll;ll :lLJlo11;l_\;I!:.LUr1._\;I~BI)r1.tfl~Gil.tLrlrtLtY ("' 

:lLilo 11;!_\;I!:.LU r1._\;I~B lJ.!:.LU ~Bil.tL rl ftLtt,J ( "''ll' 

rltfl.li\[!ftl 'n.(J.~Bil.:lLM 1 L!'~t~rtLtY 5 

= p J:.lllrt1 e! \,lft 'n.li\~Bil.~Le!Urln.i:!n.umll11;!Lr1.1l. = = ""' , ' t1l 

~Lr1.tj!:.lllrt1 'Lr~e~~LI'Il11:lW~Gil.t~1rtLtt,J = q!\ Brt1 ,.. 

@-5 

__/'-
-p z 
~ 

= q!\ 

( trl'"' . "'"' (}fb \ BJ'l~Jf!:.LUftllftL!llfb L n.r;: 1 ~lloB\,l:lel111l~Lrt~Bil.£~ 
. ' 

p W 'n.li\~Bil.~Le!lJrln.i:!n.Ltmll11;lLr1.1l. ,.i"" ""' , ' t1l 



tnl'll~<l.,ll'l~il~nu L i'!utnl'll~'lJj;j I'll <I~ 1vi'tv\''i'u m~mm u. uu~'U L ~ a1 'li'vhvni'1~<1m l'l~il ~~l'U 
~m1 (Kinetic Energy) ~1nm~ 1 '11!1;1'lJEJ~Jlvi'1!'11'11l:UL ~~~~L 'liu m~ 1 '11!1;1~lmJli'JVIV!Jl'llt~Elvn~Jlii''U'llEl~L ~El'U 
nT> 1 '1/tj;j'lJEJ~Jli:-il'U~l~L VI m~ 1 '11!<1<1EJV!i:Jl'UU~~~Jl~~vhm~aamL uu 1 'li'mm~<~m!'l~il~~l'UEJ~vi'l'UVJli'IJl 

" " 
'lJEl~Elll'll~~~mi11 L<I:UEJ Ellfll~<11;1ll'l~fl~~l'U~~~~!ifEJ~<Il:ul~f;)VJ11 '\i'm~ 1 '1/tj;j'lJEJ~Jl~L ~~,!'UiJlj;j~ '1/t~EJV'h 1 '\i' 

~il~~l'U L ~a~~ 1nml:u L ~1<1V1<1~ 1V~I'I bJvh 1 'li'e:nm~'llt~mi•u 1V~oi1'U'IIt;j~'llmEl1fll~'llt~EJI'Ij;j moi~J 1 L~l'l'lltll'l 

fl. LL'U'UBl~J1ti~ (Stilling Basin) 

LL'\J'\Jif~~1ii Hydraulic Jump LD'UM1<1ml'l~il~~l'Uoi1'ULn'U hwvh1'1i' Jump Lnl'1~Wni'I1'U 
Bl~iirh'III'Ul>1 11 ~il~~l'U~~Ilfl<l1;111'11 tJ~1nm~l '11!1;1Elm'U 'llt~Ell'lll:U~'U'thu 'lJEJ~m~ u.<1J11 '1.1'\J~L 1ruei1~ 

" 
m 1m ~l'lJEJ~Jl~ ~<1 1111;1~ ~1 fl fll'i 1 '111<1 1.1. '\J'\J L 'II!UEJ'i flfj~ L i'Ju fll'i 1 '111<1 LL '\J'U 1!if'i flfj ~ U.<l~~ntJ~ Ell'l ElEl fl~ihJ 1 

vn~vi'l'WVJll'l'lJEJ~Bl~ 11'11'1 hiLnl'lm~amumn m':iaanu. uu!ila~r'hi.1~1kh!ila~Lnl'1 Hydraulic Jump LL1;1~Lnl'1 

.rnl'l1 'UBl~~j;jEJVlL 1m U.<1~1'11l:UI'Il1'lJEJ~Bl~~~!ii'a~'li'al'l~l'1 

'll. 1.1.'\J'\Jfl':i~LLVIfl (Impact Type) 

il mtru~'lJEl~Ell fll'i 1.1. 'U'U il'M El J lvi'l '1/tj;j:I.Jl ~ ~ \l fl'I.J~fl'\J 1 'li'vi~ m~ Vl'U L iil tl'\J~~ n Vl'llll~ '1/t~El Ell Pll'l " . 
m'im~LLVlflM1':i~'llt'll~LLVhJl~EJLLvi~JlLm v'h 1 'li'J1m~~ll'l1 tJVJnVii'IVJnvn~ L i'Jue.mv'h 1 'li'~il~~l'U\lfl<lml'lt tJ . . " 
1 'U'Ul~fl mtru~'llmtnfll~ ~11'1Jl~ ~vi~1;1~ 1 tJ1 'UBl~~~iJJloU~El~ LLffl ~~ nilemv'h 1 '\i'~i(~~l'U\1 fl<lm 1'11 tJ L 'liu tl'U 

' " " 

fl. LL'\J'\J Bucket 

L i'lum'iL ~ 1'1~ L uuVii'IVll~ m':i 1 '111<1'lJEJ~Jl1 'li'vi~ oie:n m 1'1'1/t~Elt 'VI<lihu 1'11 nT>EJ a mL 'U'UElll'll'i<l m 1'1 . " 
~il~~l'U l1' n'il ~:u Till n eJ<l nl'i i'i mn u. uu-;\' 1., m11t'11 tnfll':i <~m l'l~il ~~l'U il m"ru~il' m'i~ ~il'll'U lV! L i'Ju a~ 1~ t'i 
i1l'lll'i''Uel~':ilnl'i 1 '11!1;1~1~ '] LL~1;1~LL 'U'UniJ~~iJEJ~I.I.1;1~-1fm~l'l~l~tl'UEJElflt tJ~~L 'liu 1.1. '\J'UBl~Jlti~ ~~U.llll~~y'h 
1'\i';;~.rn~m., 1 'llt<l'llEJ~Jlvn~vi'luVili'IJl.,l'UL~I'I'U~~.,Vl u.~il~1mu. mmn ~~,!u;,J~ hiul'l:u 1 iinu L~au'iiilm1:u 

' 
~~:ulfl oil'UElll'll'iLL'\J'\J Flip Bucket 'llt~El Submerged Roller Bucket il'llfll~flflll:ulfl LL~ili'mm'iJ!l'U 

':ilfl~L i'J'U.;:;'ULL ~~ 



~.\.,) m'l'ibl'l'l1~'11 Hydraulic Jump 

Hydra u lie Jump b D1.1U'l1fi!Jn1'lW'tleWm 1 'V1<1~J1 b 1.J~ I'J1.1 ~1 n<1m1 ~ m'l1 'V1<1~ilm1:wli m! m; 

bb.i b ~1mn 11.J <i<1.n 11 ~ m'l1 'VI<1~i:lm 1:wli mn mb.im1:wb hw eli'J 
" 

q ~ !V I ~ Q I I "'>1 I I 

:WI'I11:Wi1n1.1BI'Jblliii'I11:Wb'l1:1J1n ~~:111'11 Froude Number (Fr) :w1nm1 "'·o b'li'Jn11 Supercritical Flow bllil 

i!hm'l1'VIi1~i:lm1:wlin:w1nbl.im1:wb~11i'BI'J ~~i:lrh Froude Number (Fr) 1i'emn-l1 "'·o b~tm-l1 Subcritical 

Flow 

Hydraulic Jump ~:an111~1.111.1'vn~J1~il<1m1~n1'j1'VI<11.Jn&hD1.1 Subcritical Flow bl.ib~aJ1 
1 'VIi1~11.1B11'11'l'tli11'11<1illi~v'h1 ~fm 1'VIi1~11.1Vl11'JB11'11'lb D1.1 Supercritical Flow rm 1 'VI<1~~~em 1.J~I'J1.1ntiu 1u 

bD1.1 Subcritical Flow l'i'1BI'i1~'t!B~m'l1'VI<1~11.1B11'11'l~m~~~vh1~bnl11 Hydraulic Jump 

"'· n1'l1'V1<1i\''U~1ne.J11'J'Vl\11J1 'VI~B Spillway 't!B~b~B'U 
\.,. n1'l1 'VIi1i1BI11U'l~liiJ1mriJm1:W<1~'tiB~ n1'lb tJ 111U11.1i:Jfi11JBI'J 

" " 
'"· 

lU~ rn bllilfl~ Hydraulic Jump 

m1:w6i':w'li''Wth::'V1-l1~m1:wii n riu'Ubl<1 ~'VIti~bn\11 Jump 11.1'V11~J1~1.J~ b 'VI~ I'J:W~1.1~1 

'VI1B'Vl1~J1~i:JI'I11:Wf111~:111 f1 <11:W1'lti'VI11~"i11f1<1:Wn1'l.iB 11.J'iJ ~~'iJ 

= 



Froude Number '11iNfl1~1vt<1n<J'WLii111 Jump 

fl1~?1i:11t1'11<i~~~'W'11<l~ Hydraulic Jump 

fl1~~q) LiitJ'I1.i~~~'W'11 <l~ m~ Lfi\11 Hydra u lie Jump 'U'W'i{'W~I'U?II:W1~(1V!IL!il'l] lfl?i:W m~\li <l hi if 

~.<n) fl1~LL'li~1.J'l:;l.il'VI'11<l~ Hydraulic Jump 

tl'i:;L.fi'VI'11<l~ Jump 'l]:;u,'li~lili:Wfl1'11<l~ Froude Number lii~I'IB11.Jil' 

LL'U'U~ "' L~tJflll Pre-jump LlJ<J F m = &J.oJ - l!:J.<t tl1\hUuf1~'W'11'W1111L~fl1'W'1h~ifhj 
"\liLU'WiifB~Hi Stilling Basin ilm'l?li:11t1'11<i~~~'W1.J'i:;:Wiru ®o% 

LL'U'U~ l!:J L~tJflll Transition LlJ<J F m = h<f - r<:.<f 1.Jn~:iJfl'I1'ULi1'WL?I:WeJ ']1'WB1fi1~'11'WI\11 
L~n ilm~~'WtJ1'W'11B~~~~~uu,;o:;~tl1~1<'~<iunu 11.J1:Wu, 'llueJu vh 1 'l-i'Lii111f1~'W'11'WI1111 vtqj~~?llm~mf1~eJu~11.J 
m~!ilwVfltJ~I1!il L 1Ju ~:;tJ :;m~vtm t1 'l iilm:wm ~~m,vh 1 'l-i'Lii111f111miitJmtJ!Ji <Jiil~~ LL;o:;i;u~~ 1!il 

d ~ d """ .;, ..,. 
LL'U'U'VI "' LU'WLL'U'U Well-Stabilized Jump L:W<l F m = r<:.<f- ~.o Jump :Wf111:W:W'Wf1~111LL01:; 

?ii:W1~(1?\i:11t1'11<i~~~'W ~l;VIll~ r<:<t-oJo% 

LL'U'U~ r<: F m :Wiflflll ~.o JI'I]:;~~L-ih~ Jump .1'1tif111:WL~1~~:Wifl dm u,;o:; d~ 'l]:;iJfil 
I <V QJ' !1J <V 0 I d !IJ """ ~ d ~ C.: I 

1111~ fl'W:wl fl fl)(1.1'Wf111:W tl11 Jump 'I] :;111 <l~1 \11'1]1 fllill LL VI'W~f1i:1'W:w1'W'U'We.I1'WI L 'W eJ~'I]I fl fl):; LL?i'WI f111:1JL ~1~ ~~~ 
.!i .J', d dt.t d <V II I ~dt!V 
'1J'W'I]Ifl'11'Wfl<l'W'VI'I]:;vt:wm:;tJ:; Jump f1i:1'W:IJ1'W<JI'I]Lf1i:1<J'Wiil1i:1~11li:WLL 'W1VI'WI Jump ~m:;LL?I'WI'VI~~\111 tl 

f111:W L ~1<'~Wh 1 '11 Lii111f1~'WLf1~ <JU.i11 um~.i'wVf1 tl~11!i!L 1Juul~f1f~ tl1~1~utl1um n <JI'I]?i m tJ'I1<i'~~~u 1!il1i~ • 
~<t% f111:Wtl11'11iN Jump 1u~u 'iJ:;\lm1u5nu Jump '11U1111lil~ ') ~mi11mil' 



A Pre .1 ump - very low energy loss 

Osc illot10g jet 

Rolle~?(~:_=-:----­
_, / . j) _ _... ------ . 
·' , ~ _.r ----- ~ 

~ ~ .,.._ ,..,....-·· -- ~ 

..., ~ "" -- / ..- ...,....-..-
- """' _.,.,..r --- ----- - -- . -~ 

F, ·- L5 to 4.5 

B · f ransition -- rough~ water surface 

F. 4.5 to 9.0 -range of good jumps 

C --Least af!Cctcd hy tail water variations 

F 
1 

9.0 upw~rd 

D -- [!fcctivc but rough 

~tl~ .;; m~u.ti~tl~~bil\'I'!I~N Hydraulic Jump 
v 



.;_(() 1ieJ~'il11!1.111-wnTHJe:JnLbUU Stilling Basin 

d IIJ d IIJ !IJ ""' 

,.,) 1~1'J~b~e:J<1"\J (Free Board) f111eJ<JnLb 'll'li1~1'J~b~eJ<1"\J'il~1'1eJ~'I1'il11W1~<1'{JeJ~m1m~bb VJn 

'{J<J~.Jliii<J Floor Blocks, bb<1~rn1:uii'W·thw'{JeJ~m~bbl'I.J1b~eJ~'il1f1f'I~'Wbb<1~nw:m.Jiii'1n\J'{JeJ~eJ1rn!'lnu.J1 
USBR 1~ b<I"\J eJ mTvlb ~<l 1-ffii'1'VI-rmm~ C!~ b~ e:J.J 1i1"W'{J e:J~ ei1~.J1D ~ b -\i-w 1fi~ bbl'l 1'1~ rn1:u<i':u'l1-w 1h~wi 1~1~ I'!~ b~ eJ 
IIJ .... QVldl d ..: ..: ~ I ""' 0 .... 

il'Wf1'\J blJeJ Voo bb<1~ d00 bi]'Wf111lJb11bb<1~f'l11lJ<1f1f1eJ'Wf111bf11'1 Hydraulic Jump m:U<lli'I'U bb<1~ 

1~CJ~ b~e:Jii''Wb U'Wfll~~ b'V!Um.i'-w'I1.1~~1"\J (Energy Gradient) ~1"\JVJ1!'11l1 "\Je:Jf1'il1nmTvllii'~n<i11 USBR 11~ 11'1 

bl'I"\J<Jl'l1'11vfl-ffm1~v~ b~e:Jii''Wvlii'VItbm 1i-w~l'1i11'VI-ru b ~e:J'W'{J'W11'1 b~ n 1-llii'~ll 
" ' 

= 

19) f'I11:Unl1~'{Je:J~ Stilling Basin ll'lvvi'1 'l hJirmJ~<Je:JnLb 'U'llf'I11:Unl1~'{Je:J~ei1~.J1D~ 1 Vi 

b 'Vlltl'Ufl11lJ f1l1~'{Je:J~11~ b Vl'\ll~e:JV\1~.J1ii'"W CJ m l'W 1 "\J mruvl.J11 'VI<lb 1i'1miim1:U b ~ • .,~ 'il ~-vh f111<J e:Jnbb 'U'U 1 Viei 1~ 
" 

.J1ti~iim1:u ni'1~ wh Ll'lvii:u:umv e:Je:Jm Ylv~b~ nue:Jv b ~e:J<11'1m1:u'VI-w1bb U'W'{Je:J~5m1 m11 '\11<1 (Discharge 
' 

Concentration) <11'1f111b1il'lf'I~"\Jbb<1~m1ii'WD1'W'{JeJ~n'l~bbl'I.J1VJ1~~1"\JVJ1CJ\l1'{JeJ~ Jump 

f11 1 b~e:J f1f'l11lJ f1l1~'{J e:J~ei1~.J1D~ 'il~~ e:J~~'il 11 W1 f'll'U fi11.J tl'U f111 b~e:J n f'l11lJCJ11 b ~e:J 1m~ 
" 

Blf'l11vlb'VIm~<~:u1'Wb:a~bm~.ll!'l1l'l1'1~ ~~US. Corps of Engineers11'i'bl'I'We:Jbb'W~nTlb~<Jnm1:uni'1~H !ii~d 

"'· 'il~~e:J~ 1:u1 Vib1il'lbb 1~lii''W<1e:JI'Jiii'1 (Uplift) u-w~-wvi'{Jmei1~mm1i'W 11.J 

19. 1~1ii''li'{J<J~ei1~'il~ ill e:J~ bJ~1 bn-w 11.J b ~e:J'\11~ m~ v~ f111'{JI'I~"\J'll~ b 1 Wli1'W11 n~ nmn ' ~ 
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d 
Ll.leJ w 

K 

Q 

w 

v v 
0 <LI ' 0 ... .,. Q.l 0 "" 0 !IJ 

Gl. o <I 1 'VI'l'U eJ1 ~'\J TU WI 'l'U '\J Till f1'l 1 ~LVI 'VI'l eJV\1 ~'\J 1 <I '\J 

= 

m) fl11l.IV11'lleJ~ Stilling Basin 1~!'1\Jn~l'l'l1l.II'J11'!1B~<i1~Lvi1il'Um1l.I!'I11'!1B~ Jump ~Ln~ 

1u<i1~ (!'lmi'u Stilling Basin Type I) LL<1~ii'm1<i1u J:_ 'il~iifi1B~'l~W;i1~ ~ 11~ <t Ll<l~'il1nn1'lVI~<IB~ 
v ' d, 

Yl'Ul1tl1iim'l&i~lii'~ Floor Block Lli1~ End Sill ViL'VIl.l1~<'fl.IEllil'l1<i1u Udi!:l Lvi1il'U '" iiu'U'i1L'U'\Jn1'l 

Lili'I~YleJLii\1 LLilioi1'VI~'U'U~L1t\J'i{'\JV\1~,j11l,iJi'ufH 1'WVI1~\J5'\J&i1Jn'i1~1-ff Udi!:J eJ~1~UeJ!'ILVllil'U ~ LL<1~oi1'VI~'U 

'U~nru~l{uV11~J1iim1l.IJiufl~~ B1'il'il~BBmL'U'U 1~!'1tiL Yll'l~ i!:l.ct LVhJu 'l\J~ ct LiJu 1fi'~ffii'VI1fi1m1l.ll'l11 • . ' 

'!11l~eJ1~'1hW~'!IeJ~ USBR 

• 

• 
l 

• 
• 

• 

0 ' • • 

• 
• 

~ • . - 0 • 
• 

• (Kisf"" T,p. JJ 8oSI1tl lfotlllt2) 
a VlflfiHiiOJI to1111- TytJO r1 l!lotlfll (Tob.lo 31 

o YonfiQtlotJ t~rsli • TJPI Ul ltosLit (TotJI• 4 

• " 
v, 

FM =-
gd, 

TOtUIDt 

.. " " .. 

-;tlvi @O fl'l11Ja1'l Hydraulic Jump uu\{u-,1\J Stilling Basin uuuvi I ,II ua:: Ill 
• 

<to 



. . 
f111l11in Conjugate 'llil~ dm L'Vlltl1Jf111l11if1~1'WYhm11 LL.imllii'f1't1UJ~'V11~'lli1f'11i:!M-l fl11l11if1~1'1.1Vl11'J'Lh 

~~ L 'IJ~ I'J'WI.L 'IJ<1~ 1 'IJ lll1ll'IJ~mrum~ 1 'VIi1 ~~,f'W~~L U'W m~I'J1f1~~~ ililf1LL uuillm~i:li111'J'I'Iii'~~1'W 1 ~iim 1l11i n'VIii' ~ . . . 
Ln\11 Jump L'l'll nu fl11l11i f1~1'WVl11'J'LhM i1il \11L 1<11 1J 1~fl oj ~m 1llli f1 ~1'1.1Yl11'J'I11 ill ~n A1l11 fl n'i 1fl11l11i n'VIii' ~ 

Ln\11 Jump ~~~~vh1~Lnl11 Drowned Jump 'VI~il1J1~fl~~m1lllin'VIii'~Lnl11 Jump l11flfl'i1fl11l11in~1'1.1Yl1ml1 
~~vh 1 ~ Jump Lfl~il'U!ii'1t 'IJ'V11~~1'UYl1mh.i1~ililnt 'IJ 1 'Wf11~ililf1LL1Ju~~~il~ilnTJL 'IJ~I'JUL Vii'Ju lfl~r~11lllin 
'VIii'~ m~ Ln\11 Jump LLi1~ lfi'~m1lllin!ii'1'1.1Yh mf1 L viiln1'VI'W\11~~.ru~'U'llil~ <i1~J1~~ L viil1 'VIbfl~'llil~m 1l11i n'VIii' ~ 
Ln\11 Jump L -th 1mi1f1~'llil~fl11lllin~1'WYl11'JJ1l11nY1')111 LI111'J hJilii1'W 1111'l!il~ lf1~m1l11in'VIii'~Lnl11 Jump 1 'W'lh~ 
'IJ'\imrum~ 1 'VI<lii ili'J n'i1V1~il L vhnuml11rum~ 1 'VIi1i:l~i:il111'-i1'Willm~il~ L 'VI'U ilf111l11i n~1'WYl11'JJ 1 

" ' " 
'Wil n~ 1 n m ~fl\11~~ lii'u~'W <i1~J1~ ~ m~ r'i 1'VI'W 1111 -if fl11l1 n1'1~'l! il ~<i1~ 1 ~L 'VIl11~i:ll1 ~ ~ii<i1'W'li11'J 

1 mfl~fl11l11if1'VIii'~Lfil11 Jump L oih 1m\1f1~fl11l11if1~1'1.1Yl11'JJ1l11flt~:ff'W f11~ 1 -ifB1~J1~~yjf1l1~:ff'W ~~'V'h 1 ~ 
fl11l11ifl'VIii'~Lfil11 Jump iifi1iiili'Ji1~ ~~.ru~'WB1~~~ 11KWili'il~ili'J 1'W>~Iii'uY11inl11f1Lfi'W 1 'IJ ~~.Yh 1 ~~il~L~I'Jfil'll\11 

" ' 

'IJ'\il11 rum~ 1 'VIi1 ilil nu, u u "'~"' 111 ill~~~ tl11 'li L tl'Wil ~ ~ I'Jm -if r'i1'VI'W m~.ru~u <i 1~J1~ ~ Li:lll ilt 'IJ~~ . ' 

:fi''Wil ~ nu'IJ'\il11UJfl11 t 'VIi1.y1Vh 1 ~ Ln\11~~ I'J~'Vll~l11 fli:l \11 ~~'VI'i 1~ Lfl~ fl11l11i fl'VIi\'~ Lfi \11 Jump LL<l:~ Lfl~fl11l11i fll;'h'U 
" ' . 

Yl11'J'I11 

~.cr) 'IJ~~Lil'VI'llil~ Stilling Basin 

..,) Stilling Basin LLuuY11 

B1~J1~~LLU1JiiLtl'WI.L1JUY11liiim>fi11Jfjl1 Jump 1~Lfil11 ru 'ij1111111"li11'V1C~ LI111'J1-if Chute 

Blocks LLi1~ Baffle Blocks u~J'WL~il'Ut'U'Uil~m~t'VIm'IJ~I'J'Ut'IJ.l1LL'VI'Li~~Lii111 Jump ii~~L'IJ~I'J'Wtutli'11'J <i1~ 
LL uud ~~hi L 'VIl11:Ji:ll1~~ ~ 1 i1 '1.1'1'11~ ufim\ L '1'111:1 ei 1 ~~:1ilm 1lli'J 11l11 n ~~ m 1lli'J11'Uil~ il1~~ ~'VIll 111 ~ il ~~~ll 
1~1'J~Vh~~~'VI'i1~il1fi1~'VIii'n5~.!11.L'VIU~riil'Wfl1~Lfil11 Jump ~~I'J Stilling Basin I.L1J1J~ I ffi-iimufjll Jump 

~~ Froude number tliLfi'W l!>.cr 'VIU11'J 

1£>) Stilling Basin LL1J1J~ II 

L 'VIl11~i'l1'VI'i'1J L ~ il'U'U'W 1\11i:l~ I.Li1~'Vl1~J1<i''U'Uil~ L ~il'\.1 ~'1.1 LLi1 :1 illrm 1 'Wfli1il~'U'W 11111 'VIqj Yll fl11 
" 

i1\11f111lli'J11'Uil~B1~L\111'Jfl11~\11~~il'IJfl1ruilLf'1'ti1J1~il~1~ L'li'W !ii'1n'Wfl1~LL'VIfl LLi1~ Block LL1J1J.i1~ '1 Stilling 
' 

Basin I.L1J1J~ II 1-if Hydraulic Jump ~~ Froude number l11flfll1 oc:.cr t~il~l~ii'IJ~~li'VIiim'l'l -1iili:i1'IJ1'W 

m~ililfli.L uuiltii'~.lilt ud 

<n) Stilling Basin LL1J1J~ Ill 

il1~J1~~ LL uuif1li I'J 11l11 n L 'VIl11 ~ l.'l1V1'i'u ill r11 >1 '1.1 fl <1 il~'lli1 'IJ ~~ '1'11'1.1 ~~1 'IJ 
illfi1~'VI1~ililfl (Outlet Work) I.Li1~'VI1~J1.i''U'U'U1\11L~fl fl11l1L:J1L-1f1il!:h~tliLfi'W "'~ Ll1M~/l'U1Vl LLi1~ q tli • 
Lfi'W "'~· \i:J i1 fl\J 1 f'1 Lllm/l'W1Vl/Ll1 m il1fl11 LL uudlJ11 fllt:lfl n'i1 LL 1J1J~ II LLi1 ~ 'il ~ Yl l'VIif 1~ttli' il ~ 1~lJ 

" " 
'IJ>~li'VI6m'l'l Froude number L'Vlltl1J'VI~ill1lfll1 oc:.cr 



..:) Stilling Basin bb'U'U~ IV 

81fn':ibb 'U'U-db 'VIm::<i'1'VI~'Uillfn':i 1 'Wfl<l 8~ 81f1WVI1~88 n bb<ll: b ~8'W'VIVIJ1f'i1 Froude 

number 'll8~f11>1'VI<lf111'ill:8~1::'VI'i1~ l!:J.<f 1.1.<1:: <t.o Hydraulic Jump 'iJ::hilY'Wfl~bb<l~'il::biiVIfl~'W .;j~'il~vh 

m1:wbli~'VI1~ 1 1Xu.riili'Wb1~~bb<~::f1<~8~~1:U11ii'V~1VI 1 'Wf11ru'lleN81fn>'VI1~88n lh H b vhn'U'VI1mnnn11 "'ct 

blJ\J\1 1.1.<1:: Froude number mh::'V111~ l!:J.ct 1.1.<1~ <t.ct 
" 

<f) Stilling Basin <i'1'VI~'U Froude number U8~ 

f1111'VI<l~ Froude number llf'i1U8~ 1V~mil'l'n~1'W'Ii1~1~'VI11~ hct li~ <t.ct f1111'VI<l'il~ 
~ 'W'U1 'W bb<l ~ d1 VI fl~ 'W ~ihJ 1 bb<l:: f111 <1<11 ~'l'l~ ~~1 'W 'il ~ll1.h:: 1i'VIB.f11'YiU 8 ~ n'i1 <to b 1.J 8'l b ~'W Iii b Yl m Yi:w 

1.J>~ii'VIB.f11'1'l'll8~f111<'1<11~'1'l~~~ 1'WIJ.<l ::<1 VI f111lJ ~ 11'll 8~ eh~J 1~ ~ U SBR 1!if b<'I'W mh~J1~~ b~ 8 b~ 8 n1 if 'VI VI bb 'VI'W 

eh~J1~~1J.'U'U~ I bb<l~U.'U'U~ IV 1V~mh~U.'U'U-d'lh~n8'U11.Jiii'1~ Chute Block, Baffi.e Block bb<ll: Dentate 

Sill 



Chute blocks·. 

(A) TYPE n BASIN DIMENSIONS 

F'ROuOE NUMBER 
• • • 10 

' t-+: -t--t-·+-'--1·-
•• 

Dentated silL 

0.02dz·~~-
" 

•• II 

' 

+' .-+-+-H-+--+:-+-t·+- -·"'-J· +--+-+-1-i, +v7'1 
,.f-+-++++-+- -+-1- : l i A •• 

r-L~--+---1--+-. r : - ; - f-~+ l - - - + l. r A ,---
+J~-~ -- - ' _j__ -· - -+-f-·; _/ v L_ -+-~-

' // ' ,. 
•of-~+l-4-4~f-~+-+-+~~+-+-+-+-4-4--f-~f/~~f-~f-t-+-+~•o 

--+- - 1- 1- - :- - - - -- .1 _...,.'-\7""1---t -+-+-+-1-- - t ·-

t-t-+- 1-- - ·--1--+-+-J- J --t---r-".,+_-_ t-tv··-;;">j"'(;:-v -. - r-t-+-t---+ --+'--'_,·Lr---

f-+-+-+++-+-+-+-4-+ 1-+~~r'-::. >-':i-"'-t·-f'-' ·- ~-W. ;sf'-•l f-+-+-++-1 •• 
-+-+-+-+-+--11--+-+--'-i - ~ r-: k' -+-+-.-=t: - -- - t --!-+-+ -+-+-t 

+-H-++- -+-+-+-~-i-4"1--+--1:--++-t-~-- -- -~ · r-- - r-

• 

1-+---1--t-+-+-++--+--J~ / • - ++-t-t- - -
•• 

.L ~t/ f·-r- -- - + I -+-t--1-+-+. -+-+-~ ~v , J--- __ r- -t- + 1- j I 1 .. L+-

i ~:;::lY1 +_:_l -=-r-t- -;· -,-:: t- -_tL : i , 
r.- , ~ I ·--- + - ·- t- +-~ - - i I 

1:71'-.++-+-+'- - Bl M~NIMU.M TA_ ILWATER+DEPT~S 1-- -~ 
r----r+ 

1 

11 +:·±~Ji:t r i ·1 t - ' • 

' d 
~tJyj "'"' Stilling Basin I.LUU'Vl II u 



End 

0 

0 

hll '""--/~/ S/QP' 

.•.. ~ .,:::!: .• ~. -. ·"":-·-'"';;-.--:-' .. -,.,,.,.~ .. -~-r, _;.,. ,..,l_ : I . o . 

~--.:-o.e4t-----. •·.· 
,.._-- ------------ L- ·---- -- ·-- --------- .-.. 

lA I TYPE lli eASIN DIMENSIONS 

' 
-

1/ 

• 
.Fl..,-
~ • ., ... -

0 

-.tl~ W>kl Stilling Basin uuuvi Ill 
~ 



• 

• 

• 

• 
1/ -_, 7 

• 

End sin-~--- ..... 

- - - 7-----r.;:a~/ spu&l 
-.,--, .. __ ,.,_ UOK. J"OOIIJ Nl"d~h=d, 

__ ,:: ...... _Spoce-L'.s w 

-

7 
I 

-ill 

on s• slope 

(A) TYPE .Ill: BASIN DIMENSIONS 
Ff!OUDE NUMBER 

• • 

-

1/ 
.... 

~ 

7 
,, '< ~ -

/ 
/ 

v 
/ 

#,. ~ 
.... ~ 7 - _!J...~(VI•&F'-1 d, 

'~"' / _, 

17 17' 
7 

MINIMUM TAILWATER DEPTHS 
I I l -, -r I 

l l I ~T I 

ffiCUOE NUI\o'&Efl 

ltlvi em Stilling Basin u.uuvi IV 

0 
0 0 0 

0 0 

0 0 0 

'·-sill (//NtiMtTI 
0 0 0 

0 

• 
/ 

7 

:/ 
/ / 

1/ • 

• 

• 
. 
l 
I 

• 



(A) DIMENSIONS FOR ALTERNATIVE LOW FROUDE NUMBER BASIN 

% .. .. ... 
0~ 

;0 

'"' 

.. ... 
' ,. 

F"ROUOE NUMBER 

• 6 8 10 12 14 16 

•• 
1.-. 

I 
! v 20 

I 

,o 
I ,.. :5.:._•2-• 

: 
' *.'' / o;--2 <~-1) 
I •'~-

16 

l/ 
12 

"' 
I->---

- -

8 y (8) MINIMUM TAILWATER DEPTHS 

I I I I I I I I I I I !Ill I IT ,.. I I I I I I I 

2.0 

- l/<12 

1.0 

~ 
...... 

"-.... . ~ ~ ', ..... 
·~ 

' ...... ............... ' 
?-

.............._ 
(C l LENGTH Of JUMP "'<II! 

1.5 

I I I 
2 • • 5 6 7 

FROUOE NUMBER 

F=~ 
VgT, 

l'll~ ate Stilling Basin ~hVJi'U Froude number Uv!l 

II 

7 •• 

20 

I l 

-

• 

40 

~ .... 
3.0 ...J 

1! 
a 
N 

" ' 2.0 ...J 

I .0 • 



v 

f1TlilBf1Lb'U'Ull1111~'ViB~~U1 (Outlet Works) 

1 'Uf11~BBf11.b uu outlet 'il::~'i11~UJ1BBmb uumm~.yj'IJ~::,iJV~ riu<1-i'1~~1~ b '1<1m::<1l.lnuMnl1 

1Jih.b::bVII'Iblilm~%J'iJ::~'ii1~UJTil1f1L~B'U}lJ!ii1~ 'l ~~if 

"'· 'il::dl~ 1 '11~::~'\J~'U ll11'11111~Btiu'U.ff'U~'U b~l.l,~Bi'U~'U.yjiJm1l.l u, ~~ bb ~~<11l.ll~t:~fuJ 1'1<111' n 
" 

ll11'11~ 1mliltJ 1lJ bnOJ m~VI~Oiili'1 
' 

b. 1'1<1Bn::'U11JJ101~<\'1J1 b~l.J 'ill:lli'B~b ~Bl.JiiiBfl1.J<\'1J1b~l.J 1 '11<1BV11'1.i'B~f1<1l.Jf1~'Un'U 1lJnVI'll11~ 
f11~ 1 '1<1<l'lJB~J1 ~~'ii::'Vh 1 '11bnlilf11~ nlilb '!!1l: 1 'U'U"J b1UJ"illillli'OJ'lJB~I'1<1B~~ l:'U 1tJJ1 bb<ll:ifTJ'1 b~l.J 1o'( 

' 

rrl. Hvi'wu1.yj UB~ n'UBVI nil tJ b<1"il.J'!h ~ ll11'11~V\1~ ~l:'U 1 tJJ 1<1''1.1 blil tJ f11 ~ ~::'U 1 tJJI"il 1 mil~ bnuJ 1 
' 

<lV~~::~u<l~riB'U"il:: ~~q~J1,m n vi'11 '11r.h~ bnuJ 1il'IJ"im•m Yil-l<11l.J1~t:~-ruJ 101~ri1~ bn1.JJ111'll.l1 n~'U 

1u m~ l1i' 1 b U'U m~ BB nu, uu lli'1mm ~if u"i,;'VJ.yj 'IJ1 n'i:tl"il ::ii V~'1<1i1 n--i11il B~ilm1l.l'IJ<1 BV~il tJ riB <1-i'1 ~ 
~1 ~ 'IJ ~:me! m1 mfhriB<1-i'1~ ~1l.l~~fi11 ii~1 tJ 1 'U m~u1~ ~-r n1:t1 m tJ'I<1i1~"ill n ri B<1-i'1~ b<15"il bb<i'11V1 tJ f11 ~ 

' 
BB fl bb 'U1.J"ill:~'i11~UJ1<1~~'1<1TJ<1VIvi1 if1 'Uf11~ rlB<1-i'1~"i11 fl bb '1<1~~vttmi' nu'l1·mu 1 '11mn~<1Vl 

' ' 

v 

1'1<1B~'ITml'1 (Approach Channel) 

1'1<1B~'!JnJ1 dJ'UI'1<1B~~'IJ~ b '1<1~tJl.JI'11~'1<1l.J U'1<1iil~u1J 1"i11 flB1~ bn'UJ1 b -(fl~ll11'11 ~f1.JJ1 b ti B ~"il 1 fl 
" " " 

1'1<1B~ii'b U'UI'1<1B~'lllil i11m:: u,1;1J1~1 '1<1<11 'UI'1<1B~dilm1l.l b 51mn1 'IJ"il::vhm~fi'VI b'!l1::1i11l.l~'Ubb<l::mOJI'l1u-ii1~ 
' 

1'1<1 B~ 1!1fu,liii11m:: l.b<1J1UI'111l.J b 51iiB~ 1 'IJ ll1"il"il::Uiil:: flB'Uiil flVJ'Ut:ll.J.yj~'UI'1<18~Yhm~'ll11~f11~ 1 '1<1<1'll8~J111J 
1'1<18~1.1 ~~JubYleJiJeJ~nuilrumif ~~n1'1<1'UOJI'111l.Jb51m::u,<1J11'11eJtJ1u·1h~ o.<to ~~ o.rrlo bl.llil1 liieJl'UTVi . " 

v 

ll11'11~f'UU1 (Intake Structure ) 

eJ1m~:ruJ 1 b -\'J'U 811'11~1'1B'U n~lil b<1"il.l b.,~ n il'lieJ~fuJ1 b -\'Ju~'IJ~ b.,~ ~l.l il'li eJ~fuJ 1 b -\'J'U ~'IJ 
" " 

~ m~ tJl.J .r~Q1 fl n'Uf101m'!J nJ 1-yj'liB~ fuJ 1"iJ l:Uiil:: l.bfl> ~~ fl'lJ tJ:: (T raxh rack) U VI B tJ b ~BUB~ n'U 1l.J1 '11~~'lJB~<1 B tJ 
" 



,hv('JB~~~1 'V!~mi\\nl11 'VI~b ih 1 tJ1 'l..lvim-i~J1 1111 ~tJn~~tJ1n'VI1~b -ihvimi~J1'il~ii'VI1~'i'1JJ1b U'I.J)tJ1fi'~ 
" 

(Entrance Shapes) b Ylv 1 VfnT:i 1 'VI~"tJB~Jw1hviBiirn1m11Jb':ltJ1J?Ili1b?I:UBu,m~ 1 'VI<leJ1'1..1 Transition '!1~ bU'I.J 

~'l'l..lb~B:uliim~wi1~Bllm'i'1JJ1 u,~~viB~~J1 ~~db'i'lmtJ~tJ'I..I)tJ1wum"tiB~'i'1JJ1)U~b'VI~tJ:u dJ'I..IviB~~J1)U 
" " " 

"') Steel Liner 'il~lii'B~?I1:ul)!1'i'1J Internal Stress 'll!Nnl))~bU111'll!NJ11~ 
1!:>) fiB'I..In':llllb?l~m'VI~nVf:uviB rh'VI'1..11111Vf'i'u External Stress ~~'il~'i'uu,)~bQil'\.1 u,)~~111u,~~bmii'1111'1..1 

' 
u, 'l..l'l bbn'l..l'll!N~'I..I~ m~vhlii m tJiiB nviB1vi' nl) rl1'VI'I..I111 ~>h u, 'VIU~ bb~~)~~1Jtmllvi il 

'"l 1111~tJn~t.'hbtJ'I.Jri1~bl\uJ1'llm1111'VI'li'il~ii~~ "' ~~ bbV11'1..1mrudbflil~'il1niitJ~mruJ1uBtJ'ii~'l1~viB 
~~J1 b Vl ~~'il111b~ ~'J b vi1,r'I.J 1111 tJ U,tJ n 1 Viil ~ fi'I.J~~~~nu mfl1))~m~J 1.i''Uu,~~'il ~!if m11~il ~1J'I.J u, m~b u'I.J~'I.Jb~:u 

' " " 
<() n 1) rf 1'VI'I.J 111) ~ ~'U 5) ruviil 'i1 ~Yl'i11 )f.W1)~ ~'U '01'1..1 )1 n~iirn 1:uJi'I.J fi~U) ~ n il'U n'U )~ ~'U 'll B ~~'1..1~-lu 

~ 

tJ)dtJ'llu~1'1..1Vf1~ri1~ 

nl)fhmrum)1 'VI~'llil~J11'1..1viil~~J1 (Conduit) lii'il~l'l1'1.J'Jf.Wnl) 1 'VI~m~ 11ii'rn1:U~'I..I 

(Under Pressure Flow) bflil~'i11nU~1tJvJil~~J1 'il~ii Gate Valve vJ1'VIU1~fl'l'Ufi:UU~:ulruJ1il~ 
' " 

~~,7'1..1 1'1.Jm)'lbf1)1~'11m~·tm!'t1?1Vli b'i'lil'VIltJ~mruJ11'VI~t:.i1'1..1vJil bb~~ Head Losses lii1~ '1 'llil~ 

Outlet Works ~~'VI:U111'ii~ili'il~b~:uili''I.J'il1nlntakes Structure'il~1i~tJm~viil~~J1ililn(Outlet Conduit) 

Bernoulli's Equation 'i11mb'U'U:ull'l)Jj1'1..1 

= ................. (@)_@)) 

v 

eJm'l:U'llil~ Head Losses lii1~ '1 Vl~)~'U'U 

h, = T rashrack Losses 

Entrance Losses 

= Friction Losses 

Contraction Losses 



hex Expansion Losses 

hb Bend Losses 

hg Gate Losses 

hv = Exit Losses 

"'· Trash rack Losses (h,) vn h'i'"il1n 

.......................... (®.\v) 

Trashrack Loss Coefficient 

= 

h = K (v;) 
OJ e 1o 

-o 

.......................... (®.m) 

Entrance Loss Coefficient 



L 

D 

= 

= 

o.Cilb (Fl1LililmhV1{1.J Square Bellmounth Entrance) 

mill L ~1 m1 1 V1<1'UemhvhJ1nvm L -ih 

L \<) 
h, = 124.Sn: -.-, ( . ..1. . D"., ?a -o 

.......................... (Cil.<<:l 

. ' ~ 
Roughness Coefficient 'UiH'VIilLVIi1n 

O.OCili!:J 

v 

= fl11llfn1vleJ<i~'l11 

= 

bo 



<>::. Contraction Losses ul<Ji1rnm.J~EJ'UI.LUiN'li'UlVl'lliNvimnn1ml!11.Jb~n (h,) vn1!il-;nn 

d 
bllil f<ex 

h=K 0 
'' [v;- v:j 

c c 1 .......................... (GJ.ct) 

= 

= 

= 

_g 

Contraction Coefficient 

0.®0 mrul'i<JEJ 'l bU~EJ'U'li'UlVl (Flare Angle hJbnu ®0°) 

o.cto mrub \J~EJU'liUlVJViuV\Vfu 1V1 

(For Abrupt Contraction) 

rmll b ~. rn'l1 'VIi1'll"il~J11 uvimi~Jl!iiluYfl EJtl1 

(Downstream Velocity) 'VI'U1mi'lu blll'l'l!l'UlVl 

fldlll b ~. f1l'l1 'VIi1'll"il~Jl1 'Uvl"il~~Jl!iil'Ub 'VIii <Jtll 

(Upstream Velocity) 'VIU1mi'lu llJI'I'l/l'UlVl 

h •.. = K... 'u- .d [\': \":] 
-·' .... 1o .......................... (®.b) 

= 

-o 

Expansion Coefficient ~:::~UbbU'l\llllll'il~ll~t:JlEJ 
BBn 

(Upstream Velocity) 'VIU1mi'lu bll\ll'l/ 

'l'UlVl 



Flar 

(8) 

l<,x 

• 
'111 

(Downstream Velocity) VI'Li1mu'U blWI'>!i'U1Vi 

Angle 
0 0 0 

"'"'0 
0 0 0 0 0 ., ct @)Q @let i!:Jo i!:Jct rno c(o 

O.OQI o.o«:: o.oc:i 0.(9)0 O.@l'oJ O.bl1(9) o.c(o o.c£<1i o.':i:lo 

l!l1'i1~-vi 5 Expansion Coefficient 

t>. Bend Losses mruvlvimi~~1bU~I'I'Ubb'U1Vi1'1'VI1~ (hb) m1vi''il1fl 

.,; 
'VI 

v 

D 

[v:] h· = K-
:> :> ?a 

-o .......................... (@l . .n) 

Bend Loss Coefficient (1111\Jvl <£.i!:J-<il) 
"" 

= 

= 

= 

0 
<to 

o.t>.n 



lfi. Gate Losses "ii~Lii~~'U1'U'J~'U11'J~1 (Gate Valve) ~~<HJ~u:vi~ (Guard Gate I.L<l~ 

Operating Gate) (hg) vn1~"il1n 

.......................... (®.~) 

Guard Gate Loss 

Operating Gate Loss 

= Gate Loss Coefficient <!1'\-I~'U Guard Gate 

= Gate Loss Coefficient <11'\-I~'U Operating Gate ~~<ffuil~fl'U 

= 

= 

= 



. ( v:) 
h.,= K.,. 1o 

., -e . 
.......................... (<;>..,:) 

d 
blJ<J K, = Exit Velocity head Coefficient 

GJ.oo Li'lml11'1<1l1<J<Jmnm.JmEJ'Ii8LU'U Free Discharge 

v 

= 

= 

'1flfl1~fl1'U1f.U Head Losses lli1~ 'l •tm~'!i<J\ill1<J\iii'111:UEJ11bbii1 <11ll1~t1 

ri1u1 ru"1<11'\.J'lmruJ11 '1<1l1~1u'lie:~ 1~~~<1l,Jfl1~ 

d 
blJ<J Q = 

A = 

Hr = 

Q=A 
' 2gHT 

K 
\ L 

.......................... (GJ.G>o) 

. . 
Total head Losses '1<11<Jm1l,J<1~'tl<I~~::~1.JU1'1m::~1.J'Iimi~'l11 • 

Total Loss Coefficient 



' d v ..... ~ 
&J. n1'i'V!1fl'l1:U'Vf'W1'lJ<l~'Vlil Steel Liner L'l'lillii1'WL\'i~OJ~'lJ<l~'W1 

Vw 

h 

D 

D 

. 
vimi~'l11 Steel Liner 

t 

hD 
t = \' -' '.\' 1f 

- ! 

.......................... (&J.&J&J) 

!'l11:U'Vf'W1'lJ<l~vim'V!~f1 (Steel Liner) 

• v 

'VI'Ih tJ VI'V!U f1 'lJ il ~'111 

= 

= 

D- 50.8 
t,l:, = ---

400 .......................... (&J.&Ji!:J) 

!'l11:U'Vf'W1'lJ<J~vi<J Steel Liner 

ll'h!.'!Oi 
' 



Welded Steel Penstocks : USBR "'-'""lrl fiB 

t 

e 

= 

D = 

p = 

Dp 
f =­
' 2te 

Stress ~LnV~~u1u1Ju~'Vifl 

Efficiency of Joint 

.................... (Gl.<ilm) 

o.<ri1urmu~~flm~m.JLtJuu,uu Double-Welded Butt Joint 

Inside Diameter of Pipe Vl'l.ilmtJu L'tluiliLl.li'l~ 

Internal Pressure VlthmtJu nL<Jfl'i'l.l/i'11~1~L'ti'WiliLl.ll'l~ 

m. fl1fl1'l'l11aJ1(Terminal Structure) 

"- Q:r. , __ 
A .......................... ( (i). (i){() 

v 



Theorenc.a: \"eloCl:y 
.......................... (®.®!t) 

h = 

= 

.......................... (®.®\;)) 

Fr = 
\geT 

Fr = Froude number ~~IJ::Iilil~himnn11 o<:.o 

1.ln~~1.l~1~ bb<ll:'!J'Wl.-!~1~ '1 '!Jil~il1fl1'ivi1mhl-n1~.-!I'Jlofffi1 Fr '11111.l'V11'!J'W1.-! 

bb<l::il~'llil~il1fl1'iVhmhnil.-! Impact Type Stilling Basin 



"'· m1:uivn~vhw'lmm~:u lm~i1'i'1~ 

n1~ OJ OJ n bb 'U'U 1fl~~<~'i'1~fl OJu n~ \11 bil~:u b 'VI~ n b i'Jufl"l1:u'i'rl1'VI~'U 1 oil b ~OJ m ~OJ OJ n 1,1, 'U'U'IJ'\Jl\il • 
'IJOJ~OJlfll~fiOJ'\J n~\11 bil~m 'VI~ n1 '11'i11:wl~t11 ii~1u 1.'\m:ui \Jimh~i1~.1 ~~m~rf1'\J"l ru OJ OJ n 1,1, 'U'U '\J~ ~f10J'Uiii'"l CJ 

' 
"' <i1u fiil n1 ~'l bf\~1~,\lm ~<~ 'i'1~ b ~ OJ'VIl 1,1, ~ ~ •h~ 1~ m~.Yhvi OJ lfl~ ~<~ 'i'1 ~ \,1,01 ~ n1 ~OJ OJ mb 'lJ 'lJ lfl~ ~ <~ 'i' 1 ~ 
b ~OJ n1~ bil~:u b 'VI~ n1 '11'<11m ~t11ii' 1'\J'Vllu ~,~,~~vi 1~ '1 ~ 'V111.'1 ~1 n m~'l bf\~1 ~,\lfl ~ ~ <~ 'i' 1 ~ b ~OJ 1 mfl ~" <~ 'i' 1" 

'IJOJ~mfll~llml:ubb~"bb ~" 'lJ010J\ilnCJ\,1,01~b'VIm~<~:u 1 um~ 1ii~1u ~1CJ01~biiCJiilm iOJOJf1\,l, 'U'U .r-1-d 

f11~fJ1'\J"ltl.I\,1,01~0JOJf1\,l, 'lJ'UOJ1fl1~fiOJ'\J f1~\11 bii~:U b 'VI~f1 1if'Vlt]'tl~ Working stress Design 

L\iii'Jfll'VI'\JOI'VI'lh I'J\,1, ~-1~1'JB:U1'VI1'1J f11~0JOJf1bb 'U'Url1'VI~'UfiOJ'\Jf1~\11 fc' = "'"'0 nl01 fl~:U/\11~. '!I:U. bVI~mii~:U 1u 

Lf1~~i1'i'1~fll'VI'IJOI1Vfdl'IJbVI~f1'li'm)ili'J .ffu~jW.f11~ SD<no ( fy <n,ooo nL01f1~:U/\111~1~b'!I'IJ~ib:u\11~ ) 

\,1,01::bVI~f1~iJ'IJ'IJ1\ilb~f1f1l1 "'o iJ01iib:U\11~ fl1VI'\JOibt'J'IJbVI~f1f101:U ~'\Jijtl.lf\1~ SRi!:l...: ( fy = i!J,c(oo 

m01n~:u;m~1~b'!I'\J~b:u\il~ ) 

rflu"ltu\,1, ~~.ru~u~m ::.Yh viil rh bb ~~-th~ 1 VI'\J 01 ilOin CJ ~1nm~~ii nflil '\J01 OJOI n CJ ~1 n n1~ b~ OJu 

1<101 ~1f1\,l,~~.rulii'Tu'li'1~ (Lateral Earth Pressure) ~1f1i1m • 

Active Earth Pressure 

Passive Earth Pressure 

Ka = <i':u'\J~::11'V1~'1Jil~ Active Pressure = (,-sin~) I(,+ sin~) 

y = Unit Weight of Soil VIU"lCJ i\u I ~f1'U1!'1tlb:U\11~ 

H = fl"l1:Ui1~'1Jil~~tm:u wu1CJ b t'lub:U!il~ • 

"' ' ll "' 

\11~1'il i1il'UU1VIl.T nmm~Vi m~ 'il1CJ01~~1'\J~1 n 'IJil~ i\1 ~1'\Jflil'\Jf1~ !i1 ~'U i\1 CJ1~ 'I11V1'1J f1'1J il~'l11 
~ ~ 

1 '\J Cl1 ~'IJ ru~ ~ il ~i( "l b~:U~ \,1,01 ::~ 1VIlJ f1i1 ~ ~ 1'\J 'Vll ~ b ~'\J 1:u L Vl bn'\J fl1i\' ~~'U~ 1VIlJ f1 '\J 01 il 01 J1 CJ 'IJ il ~ ~'\J mu ~ 1 f1 
~ 

b U'\J fi11:U 'i' rl1VI~'U 1 if b ~il f11~ fl1VI'\J\il ~'\J~ 1~<1' f1't!W~'IJ il ~ illf\1 ~ bb01 ~r:~ "l'\J '\J ~:: f1il'U vi 1~ 1 • • 
'IJ il~ ill r11 ~ ~ 1 CJ !il~1 'il i1 il'U fl"ll:U~'\J f1~'1J il~ OJ 1 r11~ 111 ~'l bfl 'l 1 ::,\~ q ~ m~:u f11 ~ 1 'VI 01'1J il~J' 1VI<i' ~ ~ 1 n 111~ ri ili1 'i'1 ~ 
illm'l \,1,01::m~n1VI'\JOif11~ilil~num1:u bliCJVI1CJeJ'\Jb 'iim:u1'i11f1f11~ 1 VI01'1Jil~~1 Iii' 1'\J '!I 01 m i1 \11 { ;~ 'l ll'l 01:: b 1i CJ 01 

m ~ il il mb 'U'U ~li'J .ru ~,~, ~~~" il~~'U CJ 1 ~ll'VI<i' n m~ .r ~c 



®) m>rlTW1 ruil>1>1m> 1 'VI<I<t~a>ll'i11.Jili'1~1 tJ ~hJ.Yh 1 '11 Li'iomwvhJJ Li'i1.J>::!ii'1J~mJJJ-r1J h'i 
" ' 

Q ~ CLH""" 

Q 

L 

H 

c 

~1.J~flil1.Jn~.,~11.J'VI'!J1~1[J L tJ1.J~~'i\'1L u1.J<'l1'VI-ruvfil~J 1~ L U1.J'Vl>1 tJ'VI~il n>•., ~1.J ~11.J'VI'!J 1 eJ 1 [) 

•th m'l a~ fl1.J nl':l fl\il L '111:: U.<l ::'1i1 tJ'Vh 1 '11 u.., ~ !ii'1.J tJ nlli'1 (Uplift pressure) 1~ lli'1 ~ 1 tJ U.<l ::~1.J~ ~ 11.JYJ 1 tJ ~ 1 tJ 

i1'111.J 1 \il<l lil<l ~ v'h 1 '11m1lJ'VI1.J 1'11<J~~1.J~~11.J Yf 1 tJ ~ 1 tJi1'111.J 1\il<l \i1 <1~ 1~ ~1.J 'Vl1 ~'11 a ~~1.J~~11.J'VI'!J 1 eJ 1 tJ m., ~a ~ll 
f11':iY'hrl1 U. VN Cutoff L+ia~m::m~'Vl1~n1':l 1 'VI<I;lJ U.<ll:U<l~fl1.Jn1':lfl\il L'111l:L ih 1~~1.J ~1.J~11.J'VI'!J1~1 t!fld':liJ 

m 1lJ tn1 hJ '\J a tJ w;il '" L 'Vi 1'11 a~ fl11lJ a~~ 1 tJ U.<l :: fl11lJ 'V11.J 1 hJ,j' a tJ n-;il o _ mo LlJ 01., 
" 

fl11lJ t!11'1l<J~~1.J~11.JYJ1 tJ~1 tJ L U1.J hJ>11lJ'111.J1\ilfl1 1lJtJ11'11<J~B1~J1ti~ (stilling basin) 

~ Lli <J n1-if LL<I l:fl11lJ'VI1.J 1 ~ <J ~iJ'111.J 1\il L Yl [)~~ <J~'il:: ~ 11.J'Vl11.J LL ':l ~#J1.Jti f1!li'11~~1.J <J1 fl1':l 1~ fi ~ u.if-il f11':l ~ \i1 

fl11lJ tJ 11'11<l~~1.J ~11.J L 'VIU aJ1 LL<I l:f11':l>l <Jf1 L ~lJ'i'lli11~~1.J~11.J L 'VIU aJ1 'i1 ::'1i1 t!<llilfl11lJ tJ 11 LL<I:: fl11lJ'VI1.J1 

'11<l~~1.J~11.JYl1tJJ1<1~ 1~n'il"l~ LL~hlfld':l'ill: 1 '\1~1.J~11.JYl1tJJ1.t1.JU.<Il:'V11.J1'\Jilmi'i1.J hJ L yjilUil~fl1.JU. ':l~tm U. 'VIII 

'llil~J11 'VI<~>l n'il1n<i'1.J~1tJ 1JJ'1 '\1fi., L"111::Yfil~J11~ il::,Y1.J~1.J 1um>'V11.J1'\J atJn-.i1 o_ mo LlJ.,., m>rl11.J1W'V11 

fl11lJ'VI1.J1'11il~~1.J~ 11.JLL ':l~!ii'1.JtJ nlli'1 fl1':l L~iJLf1W<iifl11lJU <1 illilii' tJ ®.m LL<Il:<l1lJ1':lt;1fl11.J1W 1~'il1f1<1lJ f11':l~il 1 U~ 

t ~ 

t 

. . . 
l11'V1'\J f1'VIU~'VIU1 t!'ll aTtl1 



f11l:U b ht~ a ~,11~ ~ 'W ~ 1 CJ il fl11ll .;' 1 ~ 'l! ~am 1 b~ a n'(1 u ~ 'll a~ 81 ~,1 1tl ~ .-11m 1 lw'hm ru vn 
m1llb~11~CJml'i'l'l'~<~li'nnwum'l'lli'~~1'W'i11n.-1lln11~a1uii 

t ,I - .... 

1 • 1 2 
Vt /2g 

' ' 

= 

d • 
llJ<l & l'J 11 ~ 1 ~'tl a~ 1 ~ liiu Yi'W lih'W wi.h U<l ~ Ji 1 'WYh CJ ~ 1 CJ 

p = m 1ll .-1 ~'tl a~ .1'lJ~ 1 CJ 'il 1 n~'W Ji 1 'W'~<~11 1 • 

ho m1lJ~ n'tla~,J1 b '~<~U a.1'W ~1CJ 

q 
vo 

P+h0 

..: ~ " "' f111lJb 11'tl<l~'W1~1'W'I<I'W1~1CJ 

q = t!'lmrum1L'~<~<~~<~wd~wthl'lm1lJn11~'ti<J~ Approach Channel 'l<lih~11'J 

d@ = f111ll~n'tla~,J1~~'W~1CJ 

v® 
_g_ f111llb~1'tl<l~,J1~~'W~1CJ = d, 

<Tio 



rn~<1-l'1~~11'J'Vl 01tl1 'il::ilt;J <~ m::'VIU oi B~::lilutlTLi n iii.i' 1Ub VIU Btl1'!1 B~ ~11'J b Yl~1:: ~ 11'J 

'il:; I'J m::!KuJ11 Vf<1~n--.!TLI niiiL011'JbUYl1:! 1 l.!'lh~n01tl1V1<11 n hi bUYl1::~.! 1 bb VIU~VIU1 ~11'J bbol'il :;Gi~rJ <1!! Bunilu~u . .,. 
1 t1.i'1w VIU ml 1 b iJu ~:; I'J:: 1 n<t ~~ B1'il'il :;·vh 1 Vftl1<i''W ~ ~~ bb.i'wihvhl.J~'W~1.1 u:;J'W 'il:; ~ B~il rn~1 bm1 :;,\ 

~:; I'J:; 'V11 ~'!I B ~il1tl 1ol1'W b VIU Btl 1Yl { Bl.J m 1l.J., ~'!I B~ ~:; lilutl1~1Mu (;J., f1 ~ :!'V11J 'i11 f1 f11 ~., {1~ ~11'J bb.i' 1 n 1VIU 01 • 
~:; ~Ku ii'W ~'Wiii'W<1B~-D' 1~ ~ ~~ 1 vr~~YlB~'il :;\1 B~ n'WJ 1.1'1.1 ~ ~~ 1.1 f11 ~ fl1'\.11 WVIU1-D'1~ f1l ~ 1 VI<I'!IB~tl~l.J1 ru f1l~ 1 '\1<1 

.!1~1 ml.J'!IU101~B1JUf11~bn01.J1<11l.J1~tlm:;v'h 1~011'J1off'iil Standard Step 

• 
b) m~'lbm1:;t1m1l.Jiin.i'wvhm.h (Analysis of Tailwater Depth) 

rml.Jiin.i'wvhi'Jtl1 (TW) d'i'Wm1l.Jiin'!IB~ll1~bn01;ff'W~1l.J<1mYltlniii (hiil~11'J'V101tl1'!111~il1 
., ., v ' .., u 1) '!I B~<hu 1 bb<l :;'\1U1 !li01o'i'11.!'Vf11'J'!I m ri1~u1i:l ~ (Stilling Basins) fl11l.J iii f1'!1 B~U 11>i'1'WVl11'JiJ A11l.J rl1 ~ t1J oi B 

f1l~bn01 Hydraulic Jump bb<t:!f11~rl1'11'W01~:!IKU'!Im~'Wel1~tl1~~ (Stilling Basins) L01m:;IKutl1.i'1'1.1Vl11'J~m 
mnn'l1'11~mvhnu~:;!ilull1'11<i'~ Hydraulic Jump i:lu::J'Wbb.i'1 vl1bb'11U~'!IB~f1l~ Hydraulic Jump 'il:! 

bA~B'W~BBf1l.Jl'Vl1~.i'1'WVl11'Jtl1'!1B~ el1~tl1~~ bb<l:!'il:!V'h 1 Vlbfl01f1l~ n01b 'l11:!B ~1~~'\.lbb ~~.iB~'\.1 bb<l:! ~~~<\'1tJ 1 
' 

1 '\.1 f11~ n 1'\1'\.1 01 ~:; IKU~'\.1 '!I B~ el 1~tJ 1~~Ju 'il :!~ B~iJ f11 ~ b tJ~ I'J 1J b Yi I'J1J A11l.Jii n.i' 1'WVJ11'J tJ 1 

nUA11l.Jiif1'11<i'~ Hydraulic Jump b~BU~l.J1Wf1l~ 1 '\1<l'!I'W1011lh~11 '\1<l~f1'il1f1~11'J<I~l.Jllli'B~iJm~~01Vh Rating 

curve '!IB~'I1U1 ill 01'V11~.i'1'WVJ11'J~11'J~~ L011'Jtl niii 'il:! hiil m~~~wi' 01-D'Bl.J<t ~:;IKull1'11~Bfl11l.Jii f1'IIB~J1 • 

1 

Q 
-- \\ 'h 

n AR 5 

d 
Q bl.JB = 

n 

A = 

R = 

p A11l.JI'J11'!1B~bi1''W'!Imb'iJI'Jn, bl.Jm 

5 = A11l.J<I 101 b 'VI 'liB~ bi1''WYl.i'~~1'W '11~B A11l.J<I101if'W'!IB~Vl B~<\'1tJ 11 'Wf11 W f1l~ 
1'11<tbb1J1J Uniform 



~1i1llth ~ li'VIll n <11ll11 1:1'l11 ~ Lil'l.l t'h'\11'1.1 1'1 bvl"il1 11'11UI'I'll8~1 <11'1'\11~8 ~h.illl1ll~h ii 1J 1 
' 

LL<1~i1'11,.t:1.1~'118~ii1J1 (;~"ii~~L~811 1 m~"ii111'\IIU~il8 'VI~81li111~L~tJ1oU8~tl'U'li<11'11MI{ LL<1~fl111 '111<11 'I.I'VI1~UI'I) 
~'l.llll8'1.1fl11<1~1~ Rating Curve '118<11'll1~~~1f 

"'· v'h m1<1111"ii'VIthtii' 1'1'118~<1' 1J1Ill1~1li 1LL vni~~"il ~<1~1~~ 1tJ'VII'IJ 1 

. ' 

~- rl1'VI'I.II'Ifl11ll~I1'118~U1~1>i1~'l Lfl8'1111~1 A, P LL<l~ R 

• 
ct. vi'1m11J1 :nilu rl1'VI'I.I 1'1~1 n lll1ll'lliJI'I'll8~1 lllt:1'\11~8~'1.1LLm~.r 11,.ru~'ll8~ii1u 1 

' 

Rating Curve 

1 '1.1 mru~il fl11U~'ULL>i~ii1J1~1'U'YhtJ>i 8"i11mi1~J1~~ L U'U'th~1~tJ~fl11lltJ11~ L '\IIU1~<1ll 
m11 L1'111:1~'\111 Rating Curve "il:l HoV'8lj<1'VIU1tiii'ILL<1::<1'11,.t:1.1~'tlmii1J1"i11 11fl11U~'U LL>i~ii1J1 

<ri) fl11lL1'111~~fl111 '\11<1~ll'ti8~J1LL<1~LL 1~~'1.1 1!if~'U811'111 

L ~8~"i1111fl111 '\11<1~ll'ti8~J1"i1111~1'1.1'VIU1~1tl ~llL<11~ 1Uill1llLL '1.111!if~uc.htl LL<1~U1111{188 11 

!ii'1uVi1t~<~~'~'tl8~~umm1 m11 'VI<1~ll~~l1ci1181"i1U1'111LUI'I~'I.I 1!ii~'l.l811'1111 ~'111<11'18811 1 'llnuJ11~ vh 1 ~Liil'l 
' ' 

1 '111~ (Piping) 1!if.lj1'1.11111 "ii'Uvl11 ~811'111'VI11'1tiJ1 LL<1~~~<1~ 1 '1.1~'1~'~ il~Ju ri81 ~Lfil'l1'111llU<181'1n t1 'ii~!if8~ 
8811 LL 'U'U 1 ~~1tiill'l11lltl11 L flt1~'118 "ii'UJ1 hi<11U11t:1U1'111LUI'I~'I.I 1!if~J1'1.188 111 tl1!if '1.1811"il11181"il"ii~V'h 1 ~Liil'l 

~ 

1 '111~ LLil'1m11 'VI<l~ll'ti8~J1 ir~vi'11~Liii'ILL 1~~'1.1t111til1 (Uplift Pressure) ;~ile:m.i81'111ll~'l.ll'l~'tl8~~1ti!ii'1ti 

"'·"') 15'tlm Bligh <11ll11t:1fl1'1.11ru'VI11~ ti~'V11~~u8 t1 ~'1~'~'tl8~m11 'VI<1~ll<181'11!ii'.Ji1'1.1 

1ml'ltJ<~llfl11 lli81'll'il 

Lmin 

... 
llJ8 Lmin 

c 

L:;H 

CL:;H 

1~t1 ~'VI1~u 8t1~'11'1't18~ m11 '\ll<l~ll 1!ii'.l)1'1.111 11 11'1 tJ 1.J Liil'l piping 

<i'llU1~li'VIllfl111 'VI<1~ll'tl8~ Bligh 

= e:m>i1~'ti8~1~~'UJ1~1'1.1'VIU1LL<1~~1'1.1Vf1tl'tl8~~1tl 



. . 
~nn~Vi 1o1 ~:u'lh:::a'l'lam-;1 'VIa<ii:u'lla~ Bligh 

'llil f1 fi 'lJ ;11 u-; 1 n c 
~ 

Q 
4 -- '1'1~1 ~ fl~ b8 ~~m nmeli'I'Wiil~f18'W GlW: 

- m1~<~~LB~~ Gl<t 

- 'VI~1~'VI(I1'lJ Gllv 

- m1~U.fi~'VIo1~ <i 

- Viu m•~ U.fi::'VIo1~ 4 c.: (l~ b 

Lmin C..,L!.H 

d 
L 

b:U8 Cw ~ 

D 

Weighted creep ratio 

LlH 1:-l alii 1 ~'ll 8~ ~ ~ 1'1' 'lJ J 1.i' 1 'W'VI1i' 1 u.m:.i'1u Vi 1 ~'ll eN ~ 1 ~ 

t'f1 b uuo~ ~ ~ lii1:Ubb u1~~'V1~8 u. w bB ~ ~~vh:u:u nui~·uo1u:u1 nni1 c.:<t" 1m -Hm1:u ~ wil~~ 
t'11b um~ ~~lil1:uu. u1~1u~bm~ 1~'i{'U811'1~~ 'VI~mb w Lii~~~vh:u:unu'i{u.,1u1i'8~ni1 c.:<t" 1m -H 

'lleNfi11:U~1T'il~~ 1 

3 

fl1'i1~vi m IUlfl~ Weighted Creep Ratio '118~ Lane 

~ ~ 

'll'W" fl'W ;~1u -;1 n 
~ 

4 
4 -- '1'1~1 ~fl~ b8~~:1J1 f1'VI':i8~'Uiil~ f18'U 

Q 

- 'VI~1~fl~b<l~~ 

- m1~'VIcnuu1unm~ 

- 'VI':i1~'V1~11J 

' 

Weighted Creep Ratio 

W:.<t 

oJ.o 

b.o 

<t.o 



c<:.o 

- m11'Jj,jtJ11J <.n.O 

<.n.O 

l!:>.o 

c:;) LL~~;{utJnliid (Uplift pressure) 

LL ~~.nLnl'l"il1 f1f11~ 1 j,j<l'iJ~'lJil~tl111.Jm~ U. U11~~Uil1F11~~~"il~ilt:·J<l~iJ!·ld1~lYUF1~'1Jil~iil1~1 tl 
LL<l~F111~,_,U1'1Jil~~u~wvhtJ ~1tl <11m~m·hwru,_,1 LL ~~;!uti niil1 Hi"il1f1<1~m~~ B 11.J-d 

L 

L'.H 

= 

= 

~~1J~'V11~f11~ 1 ,<1'iJ~'lJil~J1"il1f1'iji'IL~~~ufi~.i1 u. wt.i~ 1111 '1 ~'i1"i11~ru11fii'~u~mF11~, 
L~lil~ 

~~1J~'VI1~~~j,j~I'J'lJil~f11~1,_,<1'iJ~'lJil~tl11~~Uil1F11~, L~lil~ 

t:J<1~1~'1Jil~~~;!utl1~1u,if1u.<l~~~huVi1tJ'lJeN~11J, LlJm 

fn1~lif1'1Jil~tl1fii'1UVl11J~11J ll'l"i11f11~~U~1tl, LlJiil~ 

Lf1\lJ'111um~f11u1rum L LL<l~ L, LDu11.J1111~'l5'1Jm Bligh ,_,~B'l5'llm Lane ~L~Bntiu~tfu 
1 U f11~fl1\Jdt\Jj,j1 LL ~ ~;{U1Jf1iil1 f11~j,j1"iJ1 f1<1il~'l5m L 1.J~1J1J L Vi t11J flU LL<l~ L~ il n1 iffi1~m f1 n'i 11m U f11~il il mL 1J1J 

F111~j,j\J1~U~1UVl11J~11J U.<l~'lLI'l~1~l1F111~lYUI'l~'lJil~~1tl 



.,:) rmUB~ii'urm1VI<l<ii:w'tiB~J11VI<l<lll~'il1fl1'l (piping) 

1 'W mruli1f111:Wt111'tlll~ fl1'l 1 Vl<l<ii:W bm:: 1\l\'~u~h!! lJ'ti'W 1~'\J ll m1i1 Lmin b YiBu ll~ ii'Ufl1'l bn~ 
Piping <11:w1'l(l~1b'WurmHI i\~.Q 

"'· bvl:Wf111:Wtl11bb'W1'l11J'tlll~~'Wijhub VIUBJ1 (Upstream apron) 

i!:J. <11'1~fllbb'V'I~ Cutoff U.<ll:/VI~B l'illm~:w.y;~ bi'imvl:wm1:W!J111'Wbb'W1~~ 

"'· vhlihmB~J1u.<l::'Vim::1J11JJ111li'~uH~~u~11l~huVI1!!J1 b YiBmll~b~~~u 1-i'bb<l:: 1 ~u.l>i 
J1'l::1J11J BBmnn 11li'~u~u<iii'1u1Ju 1~ l'm~'Vim.hu~uLL<l:: 1 ~bb U1'Vim5!! ~ b~ nuB!! 1'\.J~ 1:w m'l 1 Vl<l'tl mJ1ffi 111;;1 

" 

m 'lil'il 1 'l ru 1 fi11:W 1! 11'tlll ~ m 'l 1111 <l<ii:w b vi B m1 :w'\.J <lll ~.rl!! 1'11 'l r\'1 u 1 ru 1~ 1! 1-iiVI <1 n m 'l 

'till~ Lane bl.<ll:fll'lil'i11'lW1b Ylm::!Jl:'Vl1~fl1'l 1 Vl<loii:Wii'1 Wl1'l<11'1~fhbb '1'1~ Cutoff U.<ll:fl1'l~ll m ~:wil~ 1\l\'~u 
v 

B1fl1'lii'1ub 111um11 

v v 

ll~1~Ulli'Jfll'l'il::lli'B~<11'1~fl1bb'V'I~ Cutoff i!:J lli1bbVI'Ii~ fiB lli'u'VJ1~'tlll~iluii'1UbVIUB'IJ1U.<l::ii'1u 

'\.Jm l'l'tiB~~uii'wVi'11JJ1 ~~'Wllfi'i11 n'il::'!i11'1UB~ ii'um'l bii~ piping u.il'11'l~'!i11JU B~ii'u fl1'l Lii~J 1 ii' ~ b 'ij1:: 1ill~u 
B1 fn'l 1~ l'lbil'V'11::1li'1~B ~ ii'11J'\.Jm 1'1 'till ~~u Iii' 1uYi 11JJ 1 b 'V'I'l1 ::J 1ffi Vl<l ~ n'il 1 n~ 11'1 'iJ::ll m1mb 'l ~ U.<l ::~u thu 

" 
:w1n 

:w1nni1 i!:J.o b:I.J~'l liThtJulli'm<~1'1~n1bb'V'I~ Cutoff mnni1 i!:J bb'W1 lli'B~fl1VI'W~1~n1U.'V'I~ i!:J u.'l-i~~BI'Ibnil'ii'u ll 
" 

'l::l'l::'l-i1~'WuBI'Jni1 i!:J.o b'Vi1'tiB~fi11:Wiin'tlm Cutoff lii'1~iinni1 ~~1~1'1-X11'lflu'Vl1~'\.Jjjmi'il::1-ii'l::I'J::'I-i1~ i!:l b'Vi1 

'tlll~'ti'W1~UBI'I<I~'tlll~fl1bb'IN Cutoff 
' 

• 
f111:W"mh (:w.) f111:W"nn1U.'I'N (:w.) f111:WVI'W1 (:W.) 

'Wbii'W ®.0 :w. o.cto o.i!:Jo 

®.o® - i!:J.oo (9).00 O.bllO 

i!:J.o®- m.oo ®.<to o.U::o 

mnni1 "'.oo i!:J.oo o.cto 



..,..,) m~1Lil~1:::'11il11lJll'IJil~'ll<J~~-uha (Stability) 

e.i1~'il~tilmilm1:u~urmJ<tt~~ii'cril1nmru•h~'l ii'~.itJ hJif 

"'"'-"') f111lJ~Urn.itJm~ 1VI<t~lJ'lltl~tl11tif.)l1U (piping) 

m~ 1VI<t~lJ'lltJ~tl11til\'i1UL i'lu~~~VI~m~~~ 1~mn LL>im~ 1 Vl<t~:U'lltJ~tl11til\'i1U 'il~tiltJ~ bJ'11Tvn 
~ ~ 

LmLil~~uVI~~tJtJnm~1~ L YitJ1:u 1 ~~u\li1:UI.I, u11tif.)l1U~-h~ Ln~ Li'lu hm (piping) LL<t~-w'~Vl"'~"~ 1 u~'l~ m~ 
'J Lm1~,.; i.i,<l~ m~Utl~tlU 1~ f1~111i' LL~f1 1 U~1-tftl m~\J tl~ num~ Ln~ Piping 

"'"'-i!:J) f111lJ~Ufl~.itlf11~'1'1ilnf111 (Overturning) 

<11L Vl\llb~tJ \ll~~'lltl~f11~'1'1l\ f1fl-i1lJ1'i11f1'".h 1.1, ~~ 1 ULL U1~11JlJ1f1f1l11 ULL U1 ~~'iJULUUl11L Vl\ll1 U 
' ' 

1.1, ~~<i''I'IB'lltl~ LL HI~~VIlJ~~1:u LL ~~" tJ mii1~1tJ \ll1m~u1u LL U1~1u 1til\'i1Ue.i1 ~ \ll ntJtJnu Bn<i1u M ~ n<t 1~V111 ~ 1 u<11:u 
~ 

(Middle Third) 

F.S. "- Gl.cto 

F.S 

2MR = e.Jm1lJ'lltl~ blJLlJUilitif1Uf11~'1'1lif1fl-i1~Ln~'i11f1LL ~~.i1~ '1 

2M0 = e-~<~~1:U'lltJ~1:uLllulli~vhh~\n~m~'l'llinf111~Ln~'il1nl.l,~~.i1~ '1 

tnru"''i'lltl~ Middle Third 1 mMu~tJ~1~'lltl~~~U11J 1.1, U1~11J 1tif\'i1UL~tlUL UU~ LVI~tJ:u1lue:i1 " ~ 

LL<t~Ln~'il1f1<11L Vl\ll~bJ.JB~f11~ 1 'li'Ln~i.i, ~~Lfi'u&i~(Tension stress) tJmm::U11JLL U1~11J 1tif\'i1UL ~BU L '1'1~1:: ' ~ 

e I L/b 

m~v'i1m~\ll~1'ill11l1Jfl1 e ~1mnru"''i'lltJ~ Middle third 1umrueJ1~hJiltl1~1UVI'W1 
LL<t~ mrueJ1 ~Vi~tl 1L~lJ~ 1.1,<1~~11-l'Vh ~J 11.1, '1\'~ 



<11b 'VIIi1Lii11'Jm~'llB~n1'lL~B'Wili'1JJ1~1fYl1 L1 'l~<I'V151 '\JLI '\J1'l11JJJ1nfYl1t-1<1'l1lJ'llB~LI 'l~lif1'W'VI~B 
' ' 

LL 'l~L~I'Jii1'Vl1'\J\i11JJLI '\J1'l11J 11ifll1'Ui:J11'J LL 'l~ L~I'J\i1'Vl1'Wil'Lfl\i1~'\J'l~'VIi1~1:h.1'JJir<l'lJB~Il1'Ui:J11'Jtl1J~'\J~'\J d 
'VI 

~ ~ 

'lm-ruv1fl1'lLii11'Jy(1 h.i'iJtJJJL~Bfi11JJU<1Bii1ii'I'J'l~'VI'.i1~ Gl.tr (i~ i!:J.o 

d 
LJJB 

F.S X IP 

F.S 

F.S. 

IP 

IV 

c = 

Co'f_V 

C•IV 

IP 

c 

c 

c 

= 

= 

= 

o.tr 

0.~ 

o.m 

1 '\J mru~t:J 11'J ~ ~B ~ 1J 'Uil1'\J 'l1 f)~ L tJ Ui:1'U L\<1 ~!if B~fl~1'l f.\Jl LL 'l ~ lif1'W LL 'l ~ LL 'l ~ L B'\J~ lil'U Fh " ~ ~ 

fi11JJU<1Bii1ni'J 1:Um'l~~UB<If1i1 ~.o LL<1~<11JJ1'l~li1'l"<IB1J 1mi111'J 1 -ff<IJJnl'lviB 1 uif 

d 
LlJB 

F.S 

s, 

A 

f 

= 

= 

= 

(S,A + .!LV) I IP ;, ~.o 

fi11JJ<I1JJ1'l~ 1um'llif1'WLL 'l~LQB'\J (Shearin~ stress) li11JJ'l~'\J11JLL '\J1'l11J~Jj1'Wi:J11'J, 
"' f)f)./JJ. 

. ' 

~u~-r1JLL 'l~LQB'U 

= o.b 

n'lru~ fi11JJJ!uA~vi B nl'l L~ B'Wili'11:Ut:.hu Ln ru.fi A11JJ'lJ 10 B\11 ~ ~ IK B~Yl~ l'l ru 1 L ~JJ 

L1 'l~lifl'W'Vll'Wn1'lL~B'Wili'1 h-i'JJ1f1~'\JL\111'Jn1'lL vlmll'VIUf11li'1i:Jli'J 'VI~Bfl~l'lf.lJ11 '1-i'~'W'VIfi~nl LL m Cuttoff ~B~1!if 
~'Ui:J11'J-r1J LL 'l ~~1'\JLn'\J LliO~BBf1 L11J1J nl'lL<I~JJL 'VI~ ll~ Cuttoff 1 '1-i'L ~I'J~'WB\i11JJ'VIfi f1f11'l'lJB~n1'lBBf1LL 1J1J 

rrM 



"'"'.c.:) m1 :uJT'U fl ~ \li eJ m ~ 'i\nhvnT n n Iii 'II eJ ~ i1i 'U 1 ill.Ji1 'U 

L YleJ 1 ~e-h~i"lfi11:UJT'UrNilimL ~~nlil (Bearing) V\m~vl11'ieJjj1'U~1n~~ 1 'Umru~e-h~VJonh~:u~ 
LL<I~ mruYlliJiJ~1~~01mo\'1'U LL ~ ~nlil~ Lfilii~'U"ii~!li'emJeJ ~ n-J1 Lmnlii<I~GIIil~i1i'U<I1lJ1~1l~~oj'1.J 1.1 LL ~ ~ n Iii~ Lfi \ii~'U 

" ' 
11li'li1U<I1m~llfi1'U1tu 1.1~1 n<~:u m~\li eJ hJtl ( Yl~1~ru1.i''Ue.i1 ~m1 "' L:Uill~) 

d 

q 
~[~ 

l <>1+ LJ 

q 

L_V 

L = fi11:U ~ 11 jj1'Ue.i1~ 

u, ~ ~nlii'VIti~'VI'I11CJ<I~<WI~i1iu~J1'U~1n 011m~11~ ~ LL u n'i'u 1.1 
" ' ~ 

mru~ LL ~~ nliiLfilii~'U~Jl1'U~1nmn n-J1 q5 fl1"~ u,n't'IJLiiltln1~<1\ilfi11:U~~'tlfl~lli1 e.i1 ~ 
L Ylmllii~1'VIl1' nnlil~ m~vl11'iflli1'U~1n 'VI1<J11ii~m~L ~:U~'U~'i'u LL ~~nliiLiil~m~m1:U<nliiL Vl'tlfl~~1'VIii11li1e.i1~ 

~ 

1 'Un1tU~fl1fl1~'tloi!'11GIIll~ L'li'U e.i1~VIIil~1 01'i'1~~'U 1 wh~16~~:U'IJ1~'VI1flfl<leJ~ !li'eJ~iJm~ 
ueJ~ti'um~n>~L'tl1~~~m~~~L1ilil~u~1nm1:u~'UD1'ULL<~~m1:uLLH1m~m~u,.,~1 lll~~'li1~1li<J'tlfl~'ti<Jumm~ti'u 
L tleJi1i'U 11ii ~ Luvn~.i'wvh ~'II eJ~mm~<~<n ~'l'l.r~~1'U'VI1mi1~~ Tii~ ~~m~ 1 'VI<~i"lm1:u~'UU1'ULL<~~iJfl~'U~1~1 

m~u<J~n'U m~nlil L'ti1~~~~'U'Vlfl~~1 LL<I~<I11iilli~~GieJ~~~:U niltJ:u Hii1u~~ i1w~t1~ 'VI1<Ji1'U 

L ~ tJ ~ ~ 11 LL 'U 1 1\il ~ iJ m1 :u tJ 11 'II eJ ~ m ~u fl ~ n u~u fl ~ nu'IJD Iii 'II fl ~ i1i'U vr eJ ~ ~ 1 LL<~ ~ <11 Iii Ill~~ LL<~ ~ m1 :u L ~1 
" 

&Jl!:J .&J) 'IJ'U1\il'ti<J~i1'U~~'VI~fli1'UL~tl~ 

'ti'U1\il'tl eJ~i1'U~~'VI~fli11.JL~ ~ ~Vl1tl fl1fl1~<1<11 ~'l'lll~~11.J~'Ufl ~ tlUU ~,) t1\li1 ~ '1 L 'li'U fi11:U L 11 

m~u,GI~1 Vil'll'l1~n1~ 1'VI<I Gli11'1'1n1~~'UU1'U'tleJ~m~1'VI<I LL<I~llmtru~fi~'U "illm~'VI1'ti'U11ii'i1'U~ijtJ:u 1-ff iil~tJ 

"') "ill'llfl~ USBR H1fi~ LL<I>~~fi11:U.i':u~'U1h~'VI11'11U11ii'tlfl~i1'U'VI~fl~1'VIl1'n ti'um1:uL ~1 
'IJfl ~ n1 ~ 1 'VI<I~Vl eJ~~ 1 ~~ fl1'U1 tu'VI11o\' t11 n 1 'U V11~U 1ju~1 m .ff fi11:U L ~1 Lil~ ti'IJ eJ~ m~ LLGI~ 1 Ill~~ liJ1 LL 'V!'\l ~ 
'IJeJ~ End sill 'tlfl~eh~~1~~ (Stilling Basin) 



lv) 'l5'ti<J~bU<J~ (Berry) <i'1~~uilh.J~ilm1ufi•~li'1b'l'l1~bvhnu lv.b<t ?11UTltl~1'ti1.J101'ti<J~i.iu 
'il1f1?1Ufn'Jili<J hJ-if 

d 

®iv.®.m) 'l5'ti<J~m'l?ibb<l~<l<l'!l~ b i'Ju 1 'liili1U?!Ufn'JIK~Ili<J hJ-d 
1 

2Vd- ~ 
= 

d 

s 

,.,) m1u I'J 11'tl <J~i'huil <J~ nurn'JnVl b '!11dVli'J rn'J 1 ifi-iu b~I'J ~ il bb uTvm 1u rn 'J'l bfl 'J1~1-Im LV!I'J 

tii~.r n m'J'tlm m'Jbn01m1uii n~t1nn01b '111~ u.<l~?l1m'JtJ?I'Jti b i'Ju?lum., 1#i".J~Ili<J1 ti-d 

Lu 

Ld 

.. 
Lu bU<l 

Ld 

q 

Du 

" ' 

"' = m.oo q - ®.<t Dd 

= 

m1UI'J11'ti<J~li•uilmnurn'JnVlb'!l1~#i"1umilmh bUili'J 

m1u I'J 11'tl <J~oi11.JU<l~num'Jn01 b '!11~ #i"1uvhml1, bUill> 

Bill 'j1f11'j 1 ~<llli m ti<J~~U11'J fl11Uf1"11~'tl<l~'Vl1~~ 1' (<1 f11J11'1n blllll'J!'l1.JTVi/bUill":i) 
" 

m 1uii n'ti<J~ f11'j 1 ~<l~?I<JVl R.l <J~nu Bill 'j1 n1., 1 ~<l<J <Jn bb uu lllo ~ 1'11 bb ~u~'ti<J~'tl <Ju 

Apron .i"11.Jb~U<l~1'ti<J~i:J11'J, blllll":i 

m1uiin'ti<J~m-:; 1 ~<l~?l<lV!R.l<J~nuBillo1 m-:; 1 ~<1 <l<lf1 bb uu m~ 



m) fl11lJ1!11'llll~iiu L~tJ~ ~TuVf 1l'I1J 1 hjm 111' eJ tJ n-i1 ~ L vi 1'llll~fl11lJ~ n~ 11.1Vf1 ml1 

'llll~ m fl11<1m tJ'V'I<i' ~~1'1.1 

ll1fl11<1i11tJ'V'I<i'~~1'U L tlu ll1fl11'lli11'11<11)11~1Mu n11lllln LL uu:ffu L ~eJ1-Hv11..,,r 1~<1<11 tJ 

'V'I<i'~~1'U'ili11J (Kinetic Energy) 'il1fln111';1i1'llll~J1~1 tJfl11lJL ~1<1Wtl'U n111';1i1'iJ1nt:J1tJVIl))J1..,~ll'VI1~J1;:'('U 
" 

'llll~L ~ll'U n111';1i1'llll~tl1c.i1'U11~L VI n111';1i1i1ll~c.i1'UU1:!l))tl1'ii::vl1n11llllfl Ll UU 1 Vlll1fl1~<1m tJ'V'I<i'~~1'Ull ~ 
" " 

~11.1Vf1 tJtl1'll mll1fl1~~~ mi11 L<llJll mm~<li11tJ'V'Ii:1'~~1'U~ ~'i1::9lm <11m ~<lv111-Hm~ 1';1i1'llll~J 1~ L ~1,f'U'ij1 <1 ~ 
';1~llv111 VJ'V'1<\'~~1'UL ~ll~'il 1flfl11lJL ~1i1~i1~ 1~ tJ hjv111oHll1fl1~';1~ll<i1'U 1~.-i1'U';1;j~'llll~ll1fl1~';1~llfli1ll~.-i~tl1 
Li:1tJ';11tJ 

n. LIUU<h~J1ti~ (Stilling Basin) 

LLuud'il::Hi Hydraulic Jump LU'Ulli'1<1<ntJ'V'I<i'~~1'U.-i1'Ubii'U 1~tJv111-H Jump Lii~:ffumtJ1'U 
ri1~~ rl1';1'U ~ 11 '1'1<1'~ ~1'1.1 'il ::<1n<1<11 tJ 1 tl'i11 n m~ 1';1i1lli11'U ..,~llfl11lJ~'UU 1'U'llll~ m:: bb<ltl 11 uu ~ L 1 ruri1~ 

" 
fl11m ~1'lleJ~tl1'ii ::<1~i1~'i11nm~ 1..,<1 Ll u u L ww ll'l fl!]l)) L tlu m~ 1..,<1 Ll uu 1~1 fl!]l)) LLi1:!1J ntlci eJ tJ llll n~<i'1tl1 
VI1~~1'UVl1tJ'll<J~ri1~ L~tJ hjLii~fl11<li11'UlJ1fl fl11llllflbl uu~eJ~rhil~1ki19ieJ~Lii~ Hydraulic Jump Lli1::Lii~ 

m tJ 1 u B1~l))i1eJ~ L 1m Lli1::m1lJtJ11'llll~<h~'ii::~eJ~1! lltJ~~ 

'll. LlUUm::LLVIfl (Impact Type) 

<\'m,Jru::'llll~ ll1fl11 LL uudn~ ll tl1~1';1i1lJ1'iJ::(lfl'\J~!i'u LoH'I'i~m :!VIU L oij 1tlU~~ n ~'ll11~';1~ll 
" ' 

eJ1ii'tJm1m:: Ll VJnlli'11::';111~LL vi~tl1.imL vi~J1 Lll~ v111-HJ1m::'i11tJ 1 tiVJnVii'IVIflVI1~ L tlu~.mv111-H'V'I<i'~~1'U<lfl 
' ' " 

<~mtJ 1 tit um~<i'n'l-iru::'llmmm1 mtJtl1'ii::'l'i~i1~ 1 tJ1 uri1~'ii~iltl1i~ll~LL;:\'1 'ii~nil~.mv111 Vi''V'I<i'~~1'U<ln<lmtJ 1 tl 
' " " 

.. 0 



Fl. u:uu Bucket 

b D'U nTH~ ~~b u'UVii'I'Vl1~m" 1 l1<1'!18~J11 Vi'li~ci81 mi'I'V1~81 'VIi;1ii1'Uiih n1188mb uuml'l1'j 
' " 

..... ..... ~ 0 '" .......... .11 Q ~ 
<1mf.I'W1;1 ~~1 'U :u m1 ~ m ~ 1 n ~ <1 n11 1'1 mn bb 'U'U ~ 1 1;18~11 m 81 m 1 1.11;11 ~ 'W1;1 ~~ 1'U 1;1 n '"'ru~v m 1~ ~:u'!l v 1 Iii b iJ 'U 

8 ~ 1~ boi1V1-l''U ei'm1m 11 'Vf1;11ii1~ 'l bblii 1;1~ bb 'U'U Mh~~'li' 8~ bb<l~'li'm~ 1.11ii 1 ~ nv em n hJ~wliv bb 'U mi1~J 1~ ~ 
ii~uif-i1~~vh 1 ViMn'Wm':i 1 'VI<l'!I8~J1'Vl1~~1'WVl11.1tl111'U b~f.I'U~~<llil uliiih1mu 'W~:u1n ~~Jv~~ hjiJ~:u 1 inu 

' 
b~8'UViiim1:U~~:U1f1 ci1'U811'11':ibb'U'U Flip Bucket 'V1~8 Submerged Roller Bucket ii111'11~f1f1l1:U1f1 bblii 

lif8~ f11'j~1'U 'j1f1~ b D'Wil'Ubb ~~ 
~ 

®<n.lv) f111'lbl'l':i1~~ Hydraulic Jump 

Hydraulic Jump b D'W'li11f1£jf111W'!I8~f11':i 1 'VI1;1~J1b tl~ ~'U~1f1<1.f111~f11':i 1 'V11;1~iii'I11:U~f1 
,J em bblii b ~1m n1 tJciMm~m':i 1 'VIi;1~iim1:u~nm nu,lii m1:u b ~11!81.1 

" 
1vm':i'lbl'l':i1~~ ~~H Froude Number (Fr) bD'U~'!!U'U8f1Ml11~f11'j1'Vf1;1Liil1.1<1.f111~f11':i 

1ml~iim1:U~f11!8~uliim1:Ub~1l.J1f1 ~~iiri1 Froude Number (Fr) mnn-i1 ®.o b~~n .. h Supercritical 

Flow uliilf1f1111'V11;1~iim1:u1inmmblii1'111:Ub~11i'81.1 ~~iiri1 Froude Number (Fr) 1i'81.1f1l1 ®.o b~~n-i1 

Subcritical Flow 

Hydraulic Jump ~~bnlii~'W1'W'VI1~J1~ii<lm1~f11'j1'Vf1;1'\.Jf1iiibD'U Subcritical Flow bbliibd<J 

J11 'V!1;1~1'Uil11'111'!!1;11'111.11il'l~Vh 1 Vlf11':i 1 'V!1;1~1'UVl1~811'11':ib D'U Supercritical Flow f11'j 1 'Vfi;"l~~!if<J~b 'IJ~f.I'U 
m1u1'\.JbD'U Subcritical Flow lii1<J~1~'!1il~f1111'VIi;1~1'U811'11'j~em~~v'h1Vibni11 Hydraulic Jump 

"'· f1111'VI<l.1'w;nm.h~'V111itl1 'VI~il Spillway '!lil~b~il'U 
ct. f11'j 1 'V!1;11;1<Ji11'\.J'j~iil1l1 mrum1:u1.1~'!1il~f11':i btl111'U1'Wiil'i 11i'<J 1.1 

" " 
b. f1111'VIi;11;1~~1f1 Chute 'VI~il ':i1~b'Vl 

'jtJ~ l!:l uafl~ Hydraulic Jump 
~ 



Fl11lJ<i':m1uth~vr.i1~FI11lJllnnBubb?I~'VI<i'~Ln~ Jump 1u'V11~Jl11'll~b'VI~EJlJ~u~1 'VI~ilvmJ1~ 
• 

i1m1lJf1l1~lJ1f1 <11lJ1':i(l'VI11r.l'inm'1lJn1':iolil1 uti' ~~.a 

= 

= 

= Froude Number 'lleNm':i1'VI<~nilUbfi~ Jump 

n1':i?I<111J'V'I<i'~~1U'llm Hydraulic Jump 

m':i~ty b~EJ'V'I<i'~~1U'llmm':ibn~ Hydraulic Jump uu'i{U':i1U ?11lJ1':i(l'VI11r.l'in n?llJ nl':iolil hJtl 

"''"·'") nl':ibbU~U':i~IJWI'llil~ Hydraulic Jump 

U':i~l.i1VI'llil~ Jump 'il~bi.U~Iil1lJfi1'llm Froude Number ~~.lil1'lltl 

bi.UU~ &> b~1Jf1l1 Pre-jump b~il F • = &>.<'> - lv.<t 1hJl1b'UUf'l~U'liU1~b~f1 lwd1~tl 
'W'il1bUUili'il~1i Stilling Basin ilm':i?I<111J'V'I<i'~~1UU':i~mru t.Jo% 

u.uu~ t.J b~1Jf1l1 Transition b~il F. = t.J.<t - cr:.<t 'llniliiJn'V'IUb~Ub?llJil '11Uil1f'11':i'liU1~ 
b~n iJm':i~UU1U'lleNJl1~.;{Ubb<1~~1hJl1<1<i'unu 1 uhiu. UUil1.J vh 1 ~bn~f'l~U'liU1~ 1 'VIqj~~<11lJ1':i(l bf'l~ilum U 

V11~r.i'wvhEJJ11r.i' L uu .,~EJ~VJ1~'VIm EJ '1 fi1mlJ111':i ~~Bwvh 1 ~Ln~m1lJ L~ EJ'VI1EJ .1 illil~~ u.<~~iiuvi'~ 1r.l 

bbUU~ "' bUUbi.UU Well-Stabilized Jump b~il F • = CS::.<t - -'.o Jump iJF111lJaYUf'l~~ 
bb<1~?11lJ1':i(l?I<111J'V'I<i'~~1U ':i~'VIl1~ CS::<t-<'lo% 

d I :: IV I V C:: .c:ll 

bbUUVI cr: F. mnm1 ,:.o U1'il~~~b'll1~ Jump mEJFI11lJb':i1~~mn d. bl.?l~ d~ 'il~lJf'11 
IQJ o=o~.J' vcv 0 o.dv .,.:;'d :: C:: • 

1111~numn mruum1lJfJ11 Jump 'il~lilil~1~'i11f11111bb'VIU~f'l<~Umuuumu1 bUil~'il1nm~u.?IU1FI11lJb':i1~~~~ 



..., ..., ' ' ' 
~ .... I <>I .... ,... .... V ,... I 0 <>I I ,... 

'11'W'il1fl'I'I1.Jnil'W'Vl'il~'VIllli1~~ ~~ Jump l'l<l'WlJ1'Wil1'il bl'l<lil'WI'I'l,Nill1llbb 'W1'VI'W1 Jump ~m~ bbi'!'W1'Vl~~m~ 

m1ll b ~·~wh 1 '11Lnlili'I~'Wbi'I~B'Wili'11 ti'V11~•'11t~vhml111"i b tJ'W'U 1~1'1~ ~ ~1J1~'W u1'Wll1 n B1'il i'!<l 1 tJ'I'I<i'm'W 11"111~ 
~cr% 1'111llm1'11il~ Jump L'W~tl 'il~~ll'li''W6n'U Jump '11ill'11ii1~ 'l ~mi11m-d 

..:::_~ --. . . 

~------------.---~---
-:;::) '? _:: _..-.. f 

---- ___ .- --- ---...,.,. d ~ 
-· ---· . ...-o--

___ ......,... r 
-----9- t 

A Pre .I ump · very low energy loss 

F, -- L5 to 4.5 

B. fransition --rough- water surface 

F 4.5 to 9.0 -range of good jumps 

C ... Least aflcrted by tail water variations 

F 9.0 upword 

D- Etlcctive but rough 

"itlvi m n1"it.tti~tl"i:::Ul'Vl'IJB~ Hydraulic Jump • 



@lr.n.es:) -ilerrhnm.n1um~e:mnu:uu Stilling Basin 

"') ~~I'J~L~m\'u (Free Board) m~eJeJfli.I.UU>~I'J~L~mi'u'il~lli'eJ~Yl'il1~ru1~10'lleNm~m~u. Vlfl 

'lleJ~tl1~eJ Floor Blocks, u..o~f111:w~u'lJ1'W'lleJ~m~u.i1tl1L~eJ~'i11flfl~'WLL.o~m~~•:wlil•ilu'lleJ~eJ1nl!'!nuJ1 
u SBR 1~ Lii'UeJ m1yj L ~eJ 1 i.I1V1-juvm~ I'J ~ L~eJtl1<i''U'll eJ~e:i1~J1ti ~ L uu 1fl~ U.i11'1~f111:w<i':w'l1uth~w.i1 ~~~ I'J ~ L~ eJ 
~ ..., , QV1d 1 

lO'UflU L:ileJ v~ tt(W d~ LU'Uf111:WL~11.1.10~f111:WliflrieJ'Unl~Lnl'l Hydraulic Jump 1111:u<h.lu LLlO~ 

~~I'J~L~eJ.i''ULU'Wf'i1\j~LVIi'Jm<i'u'1'1<\'~~1'U (Energy Gradient) ~1'U'vl11'Jtl1 'Uelfl'il1fltl01yj.l'~fl<i11 USBR 11~1~ 
Li1'UeJi1mffi if1111~~ I'J~ L~eJ<\'u~:iJVIU'li'J L \Juyj ~ .I1V1-j'U L ~eJ'U'li'U11'1 L~ n11 .l~if 

" ' 

= o.@) (V ~ + d@) 

t.:>) f111:Wfll1~'lleJ~ Stilling Basin L1'11'J~1 '] hiirfl'il~eJeJflLL UUf111:Wfll1~'lleJ~B1~J1ti~1 ~ 
LVhii'Uri11:Wfll1~'llm~1~L VIVI~eJV11~tl1<\''U !'Jflll'U 1 'Ufl0ru~tl11 VliO L-iJ1:W1:iJf111:WL ~1i1~ 'il~vi1nl~elelfl 1.1. UU 1 ~B1~ 

" 
tl1ti~:ilm1:Wfll1~1111 1~w:il~:w~11'JeJeJ m Yl!'J~ L~fl'IJ eJI'J L ~eJ101'1f111:WVI'U1 u. U'U'lleJ~ 8111 ~1111~ 111110 (Discharge 

Concentration) .OI'Inl~Lnl'lfl~'UU..O~m~~'UD1'U'lleJ~m~u.i1tl1V11~~1'UVl11'Jtl1'llm Jump 

fl1~ Lli eJflf111:Wfll1~'lleJ~B1~tl1ti~'il~lli'eJ~Yl'i11~ru1f11U~1 tJ i\'u fl1~ LlieJflf111:WI'J11 L ~eJ 1m~ 
eJ1f11~~LVI:w1~i1:w1uL'li~L!'!1~J!!'!1i1~'i' ~~ US. Corps of Engineers 1~Li1'UeJU.'U~nl~LlieJnm1:Wfll1~H .r~if 

"'· 'il~lli'eJ~ 1:w 1 ~Lfii'ILL ~~ol'UiOeJ!'J!i\1 (Uplift) U'U~'U~'lleJ~B1~:W1flln'W 1 tJ 

l!:>. ~~olU'lleJ~B1~'il~lli' eJ~ LlJ~1Lfi'W 1 tJ L ~eJVIli fl L~ I'J~ nl~'lii'I~'UU~ L 1 fJJii1'U~1 nli fl:U1 mfiu 1 tJ ' ~ 
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L 

d2 

w 

w = 
. ' 

fn1:Uni'wll<J~ei1~'lhu~ , i.:ulll'i 

K = 

... ' ' "' "' 
"'. o <11 'VI{'U ei 1~'lhu ~Yi {uw Tin m 1 ~ l 'VI 'VI~ a 'Vl1~ th l1 u 

= 

Q = 

m) fl11:UI'J11'1J€l~ Stilling Basin bi111'Jtln~l'l11:UI'J11'1Jmei1~l'Vhnmn1:UI'J11'1J€J~ Jump ~lfi1'11u 

ei1~ (I'Jmi'u Stilling Basin Type I) ll<1~elill'l1<i1u 'il~i1Fi1B~'i~'VIi1~ cs: ~~ ci: l.b<1~'il1nn1'i'Vll'li0€J~~'Ui1li1il 

n11~111~~ Floor Block 1.b<1~ End Sill ~l'VIm~<I:Uelil1'i1<i1u Udi,:, l'Vhn'U m nii'Ul1lU'Un1'llYii'J~~mlll1 lllli 

i11'VI{'U'U~muvlum~J1Wii'ul'l~ 1 um~tl jj'U~ll'n'il~ 1 off Udi,:, B~1~uamvhn'U cs: l.b<1~.11'V!{'U'U~b1ru~«um~ 

J1ilm1:uii'ul'l~~ <J1'il'il~aanu,'U'U1111a1-ff lYla~ ~,:,.ci: lvh1iu 1tl~ ci: ltiulfl~m-o'VI1Fi1m1:ua11 '1Ja~ei1~J1 

u~'IJ€1~ USBR 

• 

• 

• 

' 
• 

0 • • 

1-:" • 

: • • -0 . • 

T,w I- Nof~ol 

' 

• 

• 

• (dat""' Ty~to 11 8otll•t1To•lt2' 

" 

.~. 

a VtrJfleetioll Pull- TJOO II IIOtlfilo (TObit 31 

o YerUicoriG~t lt111- TJPI UJ IOIIfl tlolllt 41 

.. " 
VI 

r ' Jllot 

" " 

':iU~ If: fl'l11J£1Tl Hydraulic Jump 'U'Uvl'IJ':i1'U Stilling Basin lLU'U~ I ,II u,"'::; Ill • 

.. 



ct) flTH111111Jm~~u Stilling Basin Hydraulic Jump 'il~bn!ilb:ilam1:w11n'Vfi1'~bn!il Jump 

(d~) Vl~afm:w11n Conjugate 'tiEl~ dM bvhnum1:w11nl'i'1uvhml1 bboilll1:wli'n~ru~'VIWtfili'l1<11il~ fm:w11nl'i'1u 

vhml1 'il~ b u~ fJ1Jbb Uil~ 1ulli1:WU~l.J1f.lJfl1'~ 1 111<1 ~~Ju~~b i'ium·w 1fl~'il~EJEJ flbb UUEJ1fi1'~<1<111'J'V'4ll~~11J 1 ~il . . . 
fl11:w 11 n111li'~ bn!il Jump b'vhnu fi11:W 11 nl'i'1uVi11'1'1111il <1 EJ!il n m u1~ fli' ~ fl11:w11 niP\' 1uVl11'1'111m'i1ilfi1m n n11 

m1:w11n'Vfll~bnlil Jump ~~'il~vh1~bn!il Drowned Jump Vf~EJU1~flr~m1:w11n111i1'~bnlil Jump :w1nni1 

fl11:w11nl'i'TwVi'1ml1 'il~vh 1 ~ Jump bfi~EJ1J~111.J'V11~1'11uVi1ml1vi1~EJEJfl11.J 1um'lEJElflbb uu 'ii~tila~ilnT~ 
b 1.J~I'Ju b Vil'lu 1A'~m1:w11n'Vfi1'~m.,bn!il Jump bb<1dA'~m1:w11nl'i'1uVi1ml1 b vlan1Vfum~~uvl'u't!EJ~<i1~J,~~ 
b via h1!A'~'tlmm1:w11n'Vfli'~bnlil Jump b off11m\1A'~'t!El~fi11:W11 nl'i'1uVi'11'1J1m nli~lil llill'l hJili.i1u 11il't!EJ~ 1A'~ 
fl11:w11n'Vfli'~bn!il Jump 1u'lh~u~mrum'l1 Vf<liial'lfl'h'Vf~a b vhnu1.J~:w,rum'l1 Vf<1<~~<~1ill'l1ua1m1a~ b wwa . ' . 

uan'ill n fl1'lfllil'l~~uvl'u<i1~J,~~ m'ln1Vfulil1 iim 1:w n1'1~'t!a~81~ 1 ~ b 111:w1~ <1:w '~ili.i1u'li11'1 
1 mA'~m1:w11n'Vfi1'~bnlil Jump b .U11m\1A'~m1:w11 nl'11uVi11'1J,mn~~,;u m1 1 iffi,~J,ii~lin11~il'u '~v'h h1 

m1:w11n'Vfll~bnlil Jump ilfi1iial'lm .,~~uvl'u<il~'iid.i'Wtila~al'l 1u'l~~ui111nmmnu 1u ~~lH ~tila~b~l'lfil'tllil 
" ' 

u~mrum1 1 V1<1aan u. uu <~~<~lilm'il'il~ 1:w 1 'lib i'!uil' li' l'lm ii n1Vf'LIIil .,~ ~uvl'uei,~J ,ii~ L<~:w a1u~~ . ' 

~ua~num:w1rum1 1 111<1~vh t~billil'l~l'l~lh~mn~lil .,~wi1~ 1fi~fl11:w11n'Vfi1'~bnlil Jump bb<l~ 1fi~m,:w11nl'i'1u 
• • 0 

'Vl11'11J1 



---··-··--·. 



1~1n11~~~1~~1ui1u1~n11 

~1'\.jih~1fiB'ilnbL'U'U (B'U.~~.i!:J) 


