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bb 'U'U'VI 2 ~"'JV'IJn'a::~t1tl1 \I~'VI1~iW~'a'ant\J'a 

I 
. . 

.,j tl.v1tl "' 0 ..,l;' DTYWJ 16 bb"'l'l~~ Vl1 bb~~l'l1tltn~tnfll".i<J''U'U1 

1.1.5 Vl1~1~'U1tnl1~'U (Spillway) 

- V11~1~u1ml1~'U (Spillway) L uumm1t11~ fltlUL~tJJ d'lunml1tl1~ LD'VIVI~~~vhvn! Tvi 
~ I ...: t' .d v t' , 1 Q OJ t' ..J 0 I d 1 .v 1 0 1 .,.,j "' 

1~U1tJ'U1EJEJf1"1fltn~bfl'U'U1 b1ltJ':i~l'!ut.n~tre:n~Lm.J"il1m~I'I'U'U1Vlf11VI'UI'I 'If~ l'!t.I'VI1 tl"il~f11VI'UI'I 1Vl1~1'1U 

tlw1unn (Retention or Normal Water Level) ,!uii~a t1'11~~utl11ueh~Lnutl1"'~1!1flfll11~~utl1Lnu 
... o I " 

nn "~ f'lf11~U1t.I€J EJ f1Vl1~e:J1fi11LL ,~ti ~~f1111~'U1tltl€lfl"il~ti~EJ t.1 1 ~1~'U1t.I€JEJf11 tiLeJ~ 11'1t.J~"'1~ (Free 
'\1 v iJ !v 1 v 

Overflow) Vl~e:Jtl~e:Jtj€J€Jf1Vl1~ti1~~1~U1t.J\11 (Regulation Flow) Vi'~ti b oWtlb U'Uf111U€J~ num ~'J~~'U\111 'U 

~1~"'~Lnun11-s~~uJ1"'~"'"'~ri1VI'UI'I H (Maximum or Hiohest Watelr Level) "'ULnl'l1 vtfi~'UoU11l"'UL~El'U 
"' '\,1 " ::, 

(Overtopping) LL~~L uu5um1t.Jnu~1L ~e:J'U"uvh 1 ~~~~'U dil'l f1111'119i~u 1~ rl1wruL ~e:J'U~'U 11'1t.J~11 tl"~ 
11~B1fl11"1jUI'!deJ~u~nru;)1'U~'UL ~e:J'U (Abutment) ~~i1t.JVI~EJ~~"tl~1L uuvt!A'n L v;e:Jm ~dil'l"ill'l~e:J'U~'U~ 

" c(l j , ...... 
1'11L"tl€J'U 

~n~ru~"tJei~V11~1~u1ml'i~'U vt1mL -u~~11l"'D1'V'If1111<ff~1'U"~ LL u~eJEJm uu 3 IA'n~ru~ 1~LLn 
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Lnu'l11 (2) Vl1~1~'U1tJU1\lm~u (Emergency Spillway) LU'U€J1fl111eJ~1um11~'U1tJ'l11~1'ULfl'Ue:Je:Jf1"1f1 , I -v ~ . iJ iJ 

0 'i 0 1 0 0 "' tl .. .. 0 ... tl 0 ( 

EJ1~ ~~m;nu V!f:YV11~~~u1~'U1~~ 1~LDVl'U"il~1l:~uuft:ufl1lf1111~lu~tJ~1~'~1t.J 1~~'J~U1t.J'\.J1 G:ted 

Control Spillway) e:Jt.l1~ L1f11'111!~€J€lflbb uuen"f11VI'UI'Ib U'UV11~'J~'U1t.I'U1~'Ubb 'U'U':i~U1ti€Jelflb€J~ 11'1t.J€JG11~ 
'II II I 

(Free Overflow) fi't~ LLfl~ (3) Vl1~1~U1t1U1~'\.JLG1~11 (Auxiliary Spillway) 

!A' m~ru~"tJ e:J~V11~1~u1 t.1tl1~'U Vl1 n LL -u~ 1'1111G'lm'U~ ~~ Lb~ ~1tl LL uua 1fl11"~ L~t.J n1~mnm v 
'II 

Vlf11tJLLU'U 1~Lbrl (1) Vl1~1~U1t.JJ1~'U~1'\.J"''Ub~€l'U (Spillway Dam) (2) Vl1~1~'U1t.JJ1~'\.J~<de:J~b"tl1"ll11'1 
I IJ V 

(Saddle Dam) (3) Vl1~':i~U1tiU1~'\.JLL'U'U~1t.I"'\.JI'I1~ (Overflow Spillway) (4) Vl1~1~'U1t.i\11~'ULL'U'U1VIfl 
... ... 

~TUoU1~ (Side Channel Spillway) (5) 'Vl1~1~'U1tJU1~'ULbUU9il'!~~ti1~~U'U~'\.J~1t.l (Gated Spillway) 

(6) Vl1~1~'U1tJtl1~'ULLuuau~1tJVI~f1 (Labyrinth Spillway) (7) Vl1~1~U1tJtl1~'ULLU'Uf11~nJ1 (Siphon 

Spillway) ~8) Vl1~1~U1tJtl1~'\.JbbUUtl1mLm Vl~e:JI'Ie:Jfl~fl~~ (Morning Glory Spillway) (9) Vl1~1~'U1tl 
tl1~'ULL'Uue~111~rh~U1t1tl1 (Tunnel Spillway) Lb~~ (10) Vl1~1~U1tJtl1~'\.JbbU'UVl1~J1LUI'I (Earth 

Spillway) 1'111l~LbG'fl'l~~tl11~~11 t11 it 'UD1'V'I~ 17 
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tl.Q 1t-~ t.L~U 1:-~t-G~t-Xt~Lie!LG t-GII.Lf\r3LI1~~~LUtl. t ll~LrtL~rtLt.te!tl.,tJ.~O t-!}1.1.1:-LIAU ~J£1t Lf\r3Lfb~Wt.p. {+anno 1'1 II t'l I 1'1 

uorw8pJI) tl.LIA~~~~P.~LU@~1L~f3Lfb~~Gyt_g.t~~~L@~ Hf1fb,IJ@@~~ruU1L~UULrt {MOlJ-UI) t'L~N~~I.1, t 

L,ttrtlLrt~~UL~t-Bp 1 !.LUtl.~ftt tl.~L~f3Lfb~~t-LIAt'BII.Lrf3Lfb~~~LU UL1.1.tl.Q1Uhtytun 1, GM.t'IJ~ 1 t'L~GIJLfb~~ 

!.LUtl.l M.Llf£1A.~~~~~~11~Ltl.R.[!~ 1,tl.~Lf\IJLfb~~~Lie!L@fbfb 11 UGGTU ltl.L~Lrtl~L~~t-G~t-~ Lf\r3LI1~UL~e!L@ ,.. ,.. 
fbl1 1WGGf:.LU n 1, n.~t-~~ t l~IJ~lt-~n.~n.G~ 1;:m1 n.~n.G~111,Vtl.~~tJ1;:~U_tt~tpW 1:-~ GM.N~~ 1ftl L~~LI1;:f:. 

~LUn. 1,ll~LrtL~rtLt.le!~ (+anno) l. t-L~Lf\IJLI1;:~(3yt;:~11 (.AeM))!dS) tl.~Lf\r3LI1;:~t-LIAUL~Lrt~l.1. 1L~~U,tt ... ,.. 
n~ (8U!ddo:fja/\()) n.G~ m~rtL~n~~lt1. t LrUL~Lrt~lt1.1L~[!~tl.B~ 1 t'GR.~L~IAt'~~LU lL[I.UL~ 

(:+anno pue .AeM))!dS) L~~Lfb~f:.Gyt;:mm~L~~Lfb::~t-LIA~Llt1.JUQ. (l) 

n~n.Q1 :fS!4JS ~~,, a1e4s uu.tL~~~,m~B~JAn.g.n.~t-GR. (sauoz +1ne.:l) n.G~1f3G~n.f1 

rBt-~~n.B~111,VJ£1ttl.~~tJ1~LGl,lf1tl.B~1~LU_?UL~UBt1. J£1tf1krtBf3~rtlUmt~GB~lt1.N21JB!\~1, (SaJnssaJd :ij!)dn) 
. ~ 

l~U!Jt-~ 11 ~~,rt~lk~LUL~Ifl~rtte!rl,t,te!l}~LrtL~ftt;:~11 (S)epa.feV\j snO!f\.J<3d) J£11 tl.L~rt~Lf\~1Alf1 ;:t~ULf:.tl.L~ 

~~,t-[!~t1.@~111,VJ£1i n~~tJ,~LG@~I.1. r@l~U~IA, <3:f!UO:fU<38 1Alf1::~~@~lt1. W!}lt1. m~Ul~~~~~,t-~G~lt1.L~J£1t 
t1.@~1 1:-~ ,11k~U tM.L~UL~nL!i'~~,t-~~n.G~ 111,VJ£1t n~~tJ1~LG (8U!P!1S) tl.G~ 1t-GI1.t.~n.G~1~LU 

tl.~tl.Q1 Lri1,VLrttl.[1~~L~ 

t'GI"I.fbGU~~~Jlt'GLlt1.~~L~Ie!1~f1.tL~t-L~Gl,lf111~1!,LUG~I.1. l.~JG~m~rt~1L~Ifl~[!~ (Ja.+eM a8edaas) rt~t.~Lr 

l'ULrt~~lflU1t-~!,LU!J~l J£1tL!A;:Wll~LrtL~n~t-G_?111G~~tf:.lfl!.LU t1.@~1t~UL~U,tJ.lt1.L~fbk~~~t'le!tl.~ft~;:tLU'~ 
1\ I'P 1\ " I'JII" 

t1. tf3@ f'\@ ~1 UL~tl.L1\~ 1, L1'\~ t LM.~ ~Ul};:~~~~1 ;:~~~1lt\lt!_t.t-~t'L~@;:L M.01~~~t f'\@~ 1U Lf:.f'\L1\~~,t-(UO!SOJ3) 

;:Ll$1~,VUU~tJ,~1,~lt1.1L~n.Q1;:~ (a8edaas uoqepunO.:J) n.G~WLtnL~~rt!t~~Lu 

L~ (4f8UaJ:+S <31\!5<340)) ~LU1~~t-~11L~~~n.~n.f;:1tl.G~1t~t-L}~G~_g.~~~,t-ULI.1. 
tl.fl.t-[3 U Lrtf3Lf,lfltl.@t1.1} 1 ;:~~L@ tl.t.L~ U 1:-~ ~lA 1 L~UL~t-@tl. 1tl.@l"l. 1 t-@l"l.ttfl~ttA~LULifltl.P.rtLlle!rt~~,f3 @tl.tl.tl. 11Ltl.lt1. 
!:'~ 1"0 ~ ~I l'tl fi"' fP 1"0 ~ li' p n I 

.. I'JII "· 

rtLU!I~~ (+1!S) llL~IAtl.@U;:!fl B~lt1. (pues) llLf.IAUtM.L~lt\~_t.tl.f;:1~tl.B~1UL~tl.L~fb~tl.~~tJW,tt_?np.1t~l1f3 

~LU t-@[l.~l'URU ~I:'~ L ru UG~,~ t t-~t.~f1St-L~ng.n~G~lt1.~ t tl.tJ1ULrtU,tJ.lt1.L.{Lf1k~UL!,tl.L~n.~G~lt1.n.~t-GII.t~fb~ 
~ . ~LUUL~t-Gn. mR.~U1~LG f'\@11. 1tlfllA.tLW lfl11~Gf:.G~lt1. ULf:.tl.L~;:~11tl.@fl. 1tlflt'GR.t.lfl~~IAf:.LU 

I"' !;' "' I"' "'f' "' "" I"' ,. ,. 

tl.~tl.Q1 t1.@~1l~ttR1~n,~n,~tJ1 {S)f-J'e.J)) Ulfl11f3G~[!~L@@~lt1.~U~ 

L~UULrt (a8e>jeal JO a8edaas) tkLf\G~IArt!Lf\ruLrt~~~ ~u~~~t-~n.~ (aJnssaJd Ja:+eM aJOd) n.G~1 I "' ... '5 I 

e..~n.lL_rn.~t-f.,,L~ n.B~,e..~N~fl. (Su,pns) n.B~1~LU~\J, n.B~,e.,~r:-BR. (:l.uawamas )equaJaJJ!o) n,VLyt1ftl 
. ... . ~t, ~~!.IA~L U ~ tJ1 ~11.!£11 l~11tl.~~ ~mG~ 1 UL~tl.L1\~t-G~M.UfbrtLW~~LGL ~If\ lA 1U Bm~ f"t B~lt1.!3M.t'~ ~ 1 t-Lk~B!J 



..,J.,. .. • I ~ I ~ d 1··'-~ I .... 
IJl'l1~VI1'HltJbLIJlf\Vle.J11'ltJ'Uf\'HJl LL~:m111Jl'l1~~.fl1'Vi"lJtJ.:Je), un'l'WI'l1tJ~1JIJl1~ ") Vl~V11.:JLI'l'ltJ~nmL~~ rfrt111m 

~1111'lfl1 i~1'1.J 1~~VI~tJ 1lJ L U'I.J~'I.J ~.:JtlL ~tJ 1 ~it'I.J h11tJ11'l1'l~.:J~tJ.:JtJ~L 'I.J~.fl1'Wvi'W1tJ11~~ 1 i.:J1'1.JIJl~tJIJlL 1"1 

.J 0 1 ... .. .. d 1 -~ .J1 ... ~1LVIIJlVltJ1~V11 VI'U1'1.JU'l~(9l'l~'U1V 111~1'l1'UI'l11LL~~tJ\Jmru'l~'U'ULI'l'ltJ~n~ V'l'V'l1Vl "!.1 
.. \1 • , 

l'l1'U~11Lfi ~n1'l~~"li'~LL~~ 1 .ff,n'I.J 1:w1~ ~.:J~tJ.:JVJ1 n111Jl'l1~~el'UI'l1:WLflOJfi tl1VI'I.J~LL~~'l~V~ L 1~1 1~LLrl 

- Lii~m'lL~e:J'I.J~1 (Displacement) "lle:J.:JtJ11'l1'l'l~tJ1ml1 
- Lii~~ti:w ~'I.Jci1'1.J'U1'lt1~1'10fl"lJ1~VI~tJLLIJln~11 Vl~tJL~€l:W~.fl1Yi1\J 
- ~'I.Jci1'1.J 1 'I.J'l~'U'ULI'l~tJ'lml'U1'ltJ~1'1LI'l~tl'U~11 \J~1mhLLV1'1l'IL~:W 
- Lfi~m'l~~i~L~t1'1~1n hlLI'lV 1 i'l1'UL U'UL1~1'U1'U 
- "lJ1~f\1'J~U.~ 1G1J1lJ'UVJcie:J~'U 

'\J 

- m11i'l1'1..1 (Operate) Yn1J~n~t1'11Jl1:Wvran1"!.11n11 
- 'l~'U'U 1 v.J~1VI~tJLI'l~tl'lfl~'Uf\'Vi~tJ.:J 

(3) u~vr1viB1'1LnuJ1 (Reservoir) 

G11 L VIIJlVI~tJ~Cl1'Un11cUviLii~~'U.fl1V 1 'U'U~ L 1WB1'1 Ln'UJ1 vitJ1~L U'U~1 L vrm111 ~L~tl'U • • 
L~VVI1V 1~LLrl LL~'U~'UL~e:J'I.J (Sliding) l'l~'UviLfi~~'I.JL ~t1'1~1ni.I.~'U~'I.J1 VI1VI~tJLL~'U~'UL~tJ'U n11tl~L'Il1~"lltl'IJ1 
'U~L1W"lltJ'Uel1'1LnuJ1vr~t1B1'1 "1 11JmlL~eJ'1~1nJ1iJ:wmm 1 tJ1~ LU'U~'U 

'\J 

n111Jl'l1~~e:J'U11B1'1Lrl'UJ1Ln~l'l1111L~VVI1VVI~tJi11'l111ltJ fl'Vi~el.:J tJ ~1'111VI~tJ 11J m~vh 1~ 
L~V 1 i.n1'Wd1eJV11'ltJ1n1Pl .fl1'Vid1VV11'1~11L Viv:w LLe.J'UV11'151W1'VleJ1"lJel'l'U~ nru,!'U U.e.J'Uvif1lj\J1~ L 'Vlfll LL~~ 

'\J 

aCLJ.Jcv o 1 v ..$ ~~IJ o .c. 1 Q ~"' 
11V\!1'1..11~VVl~~V11flel'I.Jn1'l~11.:JL"lltJ'I.J Vl.:J'I.JIJltJ'IV11n1'ltJtlf\IJl'l1~~tJ'U~.fl1'Vi~'l.:J 'ltJ'UtJ1\!Lf\'U'U1~1eJ 

L~e.J\Jn~LL~1J1LoUB1-:!Lrl'UJ1~tJ:W~1iJ:WtJtJ n 1 \JU1-:! n1'lvi~~IJl11~~tJ'UVI1G11L VJIJlfiv'h 1 ~Ln ~ • 
m1~1iJ:w-.i1111n~uL ffv'l1~,ru L tlu'l1'1.Jvir1eJuoff1.:J v1n m'l~1iJ1J"Uv'lt11'~., ,!u~~Lfi~ti'u~u ~wl'uei1.:Jvii1 
an~ru~~tJ'UeU1'1BtJ'I.J~1 vr1mtJ'Ui1'UviLii~~1f\fl1'JIJlf\IJl:mtJ'U"lltJ'l~'I.JVI1tJ'Vl'l1e.J L'ii'U 'Vi1fli1'1.J~'U ~'lvi~~U'l~ 
-.i1Ln ~m'J~1iJ:w:w1n~~\Jn~~v m"Ji~m:w1rum1~1iJ:w 1~:w1n~u 1~ ~uJ11~~'1.JL \J~vuu. \J~,:j v ~1\1 ~ ~"'-:! Ln IJl 

1~~uJ11'1..1B1'1"1 ~~~-:!~~\Jn~ vr~mii~uvJ1'Vi~'U1vr11l'I..I'U~L1rueU1'1L~V'lLU'I..I~'I..I • 
Q.l ~ Q. , a ~ ~~ d • 1 .c:a. 1 ~ a d d Q.l 

fl1'lf\~L'Il1~"lJtJ'l'U1tJ'iL1W'itJ'U") tJ1'1Lf\'U'I.J1 L u'UL 'ltJ'luf\IJlti'l'i11~1 tJE.J1'l L 'lf\1Jl1:WI'l~'UV1f\~ 

L'll1~~'lm~L U'UG11L vriJlvh 1~~'1..1tJ'I..I~'lL~eJG1:w~mtluL vr1Jl1 ~Ln~m'l'L~tJ'U hm (Land Slide) "lltJ.:J ~'U~:W~'l1~L U'U • • • ... 
IJl'U 

do'lvd 4.Cl./Q4 ~ 
1.2.2 ~1LVIIJl'V1V11 L'VIL "lltJ'U'Vi'UIJl'V!'ltJL~eJ'V!1eJ • 

(1) G11LVI~~1flfl11~1;i:w (Seepage VS Leakage) 

fl1'l~1iJ:W"UeNJ1~·h'U~1 L ~tJ'UVI~el!1'U'l1 n L U'UU~vr1vi~1 R'~~i1e.~~ 1~v1Jl 1 -:!vl tJ l'l11:Wl1'\.JI'l-:! 

\J~tJ~neJ"lltJ'l L ~tJ'U 11Ji1~~~m~Vl'l1'U 1~LL U'UtJ'U~'l'W'J~ n'l'l:W"lltJ'l!1'U'l1f\ L ~tJ'\.JVIa-:!~1 n f\1'J riel ~~1'1 ~.~.~~ L~:W 
uiunnJ1u.~1 1~v~11 \Ju.~1fl1'iLntJnnJ11 'UB1'1"1~~i1e.~~ 1~VIJl'l'lvi1L ~Ln~m'JiJ:W'Il1'U (Percolation) "ll€1'1 

J1LL~~vh1~Ln~LL'i'l~'UJ1 (Pore Pressure) 191!1'U11m~v'U1ru~mu'Vi1~tJ~1'1~-:J ~1B1-:J"1 tY'U'l i11'111:wan 

:W1n '1 f\'HUL 'iJ'Ud~~ Lfi~~'U 11J L1l'Vi1~ LLIJi'U~L 10J~1'\.J'i1m vhtY'U U.vl~~ Ltl~~'U 1~n'U~'Uvi'lv'U '1 "lltJ'Utl1-!l"1~1V 
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tl1~~1~h.Jehu 1 t1dt1'1~ ~wnLa 1~1ut1-a~n au"lJa.:J~hJVI~er~u~~ 1 t1~1 t1 "il~i'Je.mvh 1 ~r1111J 
:ct'ttR'l"lla'lL~au~~-uamN 1~t~m"il"''lLf1(;)1~"il1n,Y1~6Sl.lt:huaamndiJ~m~ru~~u ~'lLLi;'I~.:J-;h1~di~nT'.in~ 
L'tl1~ (Erosion) ~t!lntJ 1 t!~1 L ~at!V!~au~ L1tu~1'\J11 mb~1 f111tl~Ltt~1:dTl~tJ~11 tlLL~1"il~rJe)(;)11L ~:U~tl 

"" 
L~atJ") LDtt6h~u v'h1~R111J~ttr1-:J"lla-:J~1L~au~~6J'l(;)11J1tJ~--w 

1 U 1 l' ~ de) .t;:f ~ 1 d .q 

~ti'Vl1 tJLLmtl1'Vl11'ti"1JaBf11J1tl"il~"lJ~YllLB1i;'111t11~f1B'\.J(;)1-:J") 'Vl~~(;)llJ1BtJLL(;)f1"1JeNVItl 

ji1tl11m~Bt!Ban1 t1~1tJ l'111~Li1~~ 1Yl1'l~'lt1'1Lfi~f111"lltJ1tJ~11VIf\i~ttL~BtJ 'l n"il~ LDtt~ml-111 ~Jilt! 11m ~Btl 
e:lBtt~1~-:J LLa~l-111 ~f111R1'UR1JeJ(;)11f11':i~1~1J L \Ju1 tlm n~u ~'l~tt~1tt11f1 "il~ (lf1 m~l'11"ilttil~ n~ru~ r1~1 tJ , ~ ~ 

nu-r-l~'l (Honeycombed Structure) LLa~t1'1bfl~bb~'U~'U 1 Vl'".l~i!"ll'U1~ 1 Vlf\i 'l na11i!'l~V'h 1 ~L ~eJtl~tl 'l 
~'l'Vla1mN 

m-a~1~ll~Lfi~~'U~L ~eJu~u LLa~ L ~a'IJ"lJ{j~~uvi.:Juu11L uu B'\J(;))ltJeJ u1-:Jll1 n ~'~.Q L Yl11~ -a 
" 

1 Yl1\IL~f1ti ~Ln!P"I~tt1 tl)~ti~L~lJLL 1f'1~tl"il~C1mhr~L'tl1~ 1 ~"lltl1tJ~11VIf;u;u1~aU1'l11~L ~1LLa~"il~l'111 ~L ~f'Jt! 
I " ... 

~'l'VIaltJ 1 tJ1~ tl~i;'l~ f111~1~1J"lJB'ltJ1a1'1Lfi~~t!l~"il1f11atJLL(;)f1~iJi;'I1L Vf(;)1J1"il1flf111'Vl1~~1"1Ja\l L~atl • • • 
L ~B'l"il1f11 ili;'l~~1l.J L VI1J1~ i;'llJ tJ-a~ LJI'VI Weak Material rlBi;'l-r1'l L ~eJtl~tl ") VI~BB l"il Lfi ~"il1f1VI~~1 
(Shrinkage) "lla-:JLLn'U~t!LVIiltJ1 ~\ILDtt1i;'l~,)wnnv~VI~tl~1~-:J (Highly Plastic) uamnndm-a~1~hJf.J1u 
L ~Bu B1"i!Ln~ 1~"il1n mi"lJ~1"llB-:J~~1~h'~ q -a1nll1~L ti1L ~Btl Vl1mfi~"il1 nrn-a~1~1J~viwl'utl1/vieJ~-:Jtl1~ 

' " I 

rlBi;'l-r1\l11111CJ 1 'U~1L ~aunt~ 

f111~1~1J~L ~att~t!VI~m ~a'U~ttvi'l~tl "il~l-111 ~L~~~ttVI1a~'UC1f1tl~L'ti"1~VI1ml~ ~1-:JaeJnL tJ 
" l'111~Lfi~-da.:J11-:JVI1eJil~n~ru~dJu~1Yl1\l (Piping) ~u~~1L~eJttV!~aji1tl11mLa~l'111~Lfi~LL1'lli1tttl1 (Pore 

Pressures) 111 u1 u ~ 1 L ~au ;'\J I;'! \I~ ~tl n &i LL~:: L tlu ~:-J a~ a L ~ eJ \ll-111 ~1 1;'1 ~ ~1 il-11 L ~ eJ '\J La tJ ri 1~\l a\! " . 
(Weakeni no) Lb 1 \lti1'Utl1~Lfi ~i;'l'l~~tJn&idm"ilbn ~~'\J~\1 bL~1~VI11\l f111rtm1-r1\!L ~a'U '11 f1 f111C1:Uli;'l~~1 L ~el'\J 

::> " • 

aU1\l11~L~1Lfi'U1tl V!1eJVi1f111'U~B~~'U~ilrn11JLDCJf1~'Ubfi'Uf1l1rh Optimum Water Content Vl1a 

al"il"il~ Lfi ~f111~1~1J"llB'ltl1~1'\J~1tl"llB'l L ~att~L tl'U PeNious Material Vl1a~1~l1~1'\J"aa ti~B~ji1'\J11 f1 L tJu 

" ~tl 

1 'U mru"lleJ'la 1R11r1el'U fl~(;) "il ~~J1m"il;lJ~TuhJ1~~ au~ LJWLL '\J1"UB\l Contraction • 
Joints LLa~ Construction Joints V!~eJ(;)11J1amL(;)f1 (Crack) ~~1ReJ'Uf1~(;) f1111~\Jltltl1~661J~1'\Jd'l~-ci1tJ 
a~LL -a.:J~'UII1CJ 1 u~Ln~offu l-111 ~a~B'\J(;))1tJ~m"ilLn~-ffu~a~1 L ~au 1~ 

(2) i;'l1b'Vl(;)"il1f1f111tl~Ltt~1:: (Erosion) • 
..J ~ ..J A ~ ~~ ..J .,J 1 "'"' ~ OJ 1 !;"i I 

L "lla'U~'Ubba~ L "llel'UVI'\J'Vl'l b u'UL "llel'U'VIa1'1 m'UR111JbG'ltJVI1tJ"il1flf111C1flf1~b'tl1::: ~ b~tJ'l1 tJ 
" Vl1n1l.JiJm-aiJa.:Jn'\J~LiJtJ\lYla 1~tJLuYl1~'U~ L 1tu~1 ~ L ~el'\J ~1'\Jb VI'Ueltl1"il~~f1 n ~Ltt~1::: 1~tJm::: Lbi;'ltl 1VI1a R~'U 

~1'\J'\.J~ L1 tu~1~ L ~ el'\J ~1'\JVJ1 tJtl 1"il~ (1 f1 n ~ b 'til~ 1~tJtl1~'U ~~ f1 ~-nn"d~ ~ 1'1 ~1V!U 1"llel'l a 1 ~ f111U el'l n '\J f11 ';j (1 f1 
~ ~ 

tl~btt~1::: 1~tJ~11 tJ"iJ::: 1 mTif111tl~f1VItY1R~lJ~'U 11 Vl1eJf111L~tJ'l~'\J (Riprap) 

u~nru~'U 'l ~a1"il1~-rum11JL~tJV!1tJL ~a 'I "ill nm':in~L'In::: 1~Lbrl'U~L 1ru Stilling Basin, 

Approach Channel LL~::: Tailrace Channel ~'lR11L~fum1(;)11"ili;'la'UeJU1\IG'tl11LG't:UeJ 
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61 

~~~U3~rt~ llT\ ,LrtH.L~~t-B~!.U!!i~ auoz J!UOpa l_ p.t,rtt~rnU~I1T1. l B~M.}t~~Lit!~R!.It!1 ~~,rt!.Wllt!~~11 

nt BMt-fl~1t'L~B~\lK\T1.~T1.~11UL~t-!.11f1kk\tl1m1UBBLTU!.L~~t-B~~~jbKtT1.l~ J!UOpaj_ nll1~11t-~~!.Ll!!ILB 
• T\Lt-_E. l !.LU UL~t-~K fb \ t-~t-!. 11 t'~ mtLll!!l~~t'Y\o ,t-LI1~T1._t\L~K 1!.Ll!!ILBLllfb \ B~~LU Bl T1. t flLM.fl~1~!.Lp.~~rtB}M. 

" ~n~nB~~~~~,B~KflLit1.fl~1rtLtl!I~~11!LB~~ t tlt1. t n~n~,ULI!t-!. ,11kkt 11111 ,u BBUUtLl!ILB~L~un~1t-!. 1mt 

rtLll21~~1Lllt'~ ~klt1.~T1.lflt}1}B~~l!l11~k n~wlt!IA.1~!.fb np.1 auoz J!UOpaj_ nll1~11T1.1,.~B~!.Ll!!ILB~LMmfl~l 
~\ ~t-L~T\~~~nn~ sadO)S B~K 11BU~!.fb!.Ll!!ILB T1.B~1B~I11A.~W~~~~LBlKtn~n~n 

(cl>jenb4+J1?3) llt1. t n~n~n~~1!.LUUL~~K 1L~ (tl) 

T\~T\1;}1 fb\Bt-~GT1.B~1t~T1.tflLllt-~r..nnnt,~B~ ~t-L~BjAB~It1. ~t-lllB ':jj1?4S k\lLJ,A. -

UBBl~Urm ~t-L~ (S+U!OI) B~flB!.~l 

Lktt!LB~~11 T1.@~1t~~JPBt-['2~ ~t-L~ (+tnpUO)) B!Ji.l(!~T\~ (SSaJ+S a)!SUaj_) t-~t-!..11~~1 -
1\ 

(J!?a4S) T1.B~1UllB~It1. lL}U~11~~T1.B~1~It1.\nll1~11~~~UT1.Bl!!l ))I?M :J:tO +n) t-_tt~ -

np.1 ~\T1.B~1t-Bfl. ~ T1.~11BU~!.fbt'L}~t'!.l211 

11,VflL!.~T1.~~~1~ tLJ,A.t-Bp 1B ~~~&-~~~ ~fb \ l~T1.B~l211!.LU~~1UL!.T1.L~~~1mB~1l~~!.LU 
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' ~ ~ 

1:-M.,,L.\J np., M.B~,l!1L~~~,mB~m~~~M.BfJV1.,~~~~@~V1.t-tp.nf;},!·tm~LUL!A-~\ftt LfU~L~~~~@U:::~~~t-@~~ 

~,1:-Bfl.rtl~~~l M.LU'k!~U~~LUM.f;}, (AeM))!dS) n~L,t\~L~:::~t-LIA.M.LU'k!~t~~~LU (£'l) 
~ 

n~nf;}, ~tn~ t~~LU tL}U~,,~B~ ~llt 

M.B~,~LU LM.t-@~~U,~LU :::LJM~U~LUM.LU'k!~U~ LM.~L~:::~/LM.t-k!t-@~6!M.tk! - F' ~ 1'0' fb ~ ~I I 



8Z 



6Z 

Tl.J!Tl.f,}1 lLkUltmm~~ J:ttfl.J! lk~LU Lf!.~U1::~~LU 
' ,. 

• t~~~IA.~LU rt~~LU ~Utfl.@~,~LU ::UM~~~LUM.LlJ~~t~~ Lr-~Lrl.::~t-@~l!,!Tl.l~ -



1.3.2 D"a~bfl'Vl"lleJ'If11"al'l"a1~?fm'WL~eJ'W~ .. JCJ?f18\911 (Types of Dam Visual Inspection) 

fl1"ai'I11~LIYltJV(111JLL~1~~u.u'leJBn1~Ltl'W 41J1~Lfl'Vl ~B 

( 1) fl111'111~?feJUD"a~"'i!1 (Routine Inspection) 

bU'Wfl1"al'l"aT'il?ff.JU\911:WDfl~I'I1:W"a~tJ~b1~1~fhVI'W\Yl L"li'Wf1111'111~D"a~"'i!T1'W D1~"'il161'DIYl1-H 
1J1~"'i11L~eJ'W 11YltJ'4fl~1m~1'uc;jiYl"lleJU~LL~t11~'11'm~1L ~B'W LIYltJ\9l"a '~ (1m'~ m"a"ll~D"a~'V11'W ~'!Vtl IYl/Lfl"a '~ m"a~'~ 
J1LL~~t!1~'~-rm~n) 1~u.nm1m1~?teJU?tfl1'W LIYltJV(11D1BU 1 ~1L~eJ'W m1l'VJfi11~19i'uJ1VtU1L~eJ'W m11'V1 

oifeJ:w~'V11-:JeJI'ItitJ:w1'Vlm L uu~u 11tJ.:J1'W m11'111lil1VJ19i'.:JnciT"J ~~nm1u11~11ml"l1-:Jm1, rl1L u1&1'~1 ~C:.hv 
\1 , , \J 

~IYl n1"a 1"111 :wtJ ~ eJ IYl.O' tJ L ~B 'W"ll B.:J rl1ti n"11~1J1 ~'V11'WtT u 1 LL~ ~ ~1 u m1~1J~ eJ VJ.O' m ~ B'W rl1ti n ~'Vl n1'Vl m LL~~ 
A ~ ( ) ~ ~ d .!1 Q.l .Q ~ d I I d 

tJ1Vt11'W1 safetydam@yahoo.com 'Vl.:J'WL'WeJfl1"Hw11~1'1LL~~\9l\Yl\9l1~'W~\9lf111~L"lleJ'WeJtJ1-:J\9leJL'WeJ'I 

(2) fl11\9l11~?feJUD1~"'il1tl (Annual Inspection) 

Ltl'Wn111P11L'Wun1"a~1:wn'-i.J"a~vr.i1-:Jul"lmm~1'ueJIYl"lleJtJIYlLL~t111'11'n~1L~eJ'WLL~~~1tJ~IYln11 
' v ' cvd oQJ do d ~AI -y 

fll1:WU~eJ IYliltJL "lleJ'W"lleJ'I?f1'W fl"IJ~U1~'V1TLJ L 'W eJ'V11fl11\9l11"'il?ffl1'W L "llf.l'W LL~~ f.l1 fl11D1~ fl f.ltJ b\Yltl~~ bel CJ IYl biYlCJ 

Vt~'Wbl tJ'W LD\9l1~L~Bw•h..:J 1 "'il'WI"l"atl'VJflb~eJ'Wfl1tJ 1 'W1~tJ~ L1m 1 u LL~1~\Ylvl1LU'W11tJ'I1'Wf111\9l11"'ilL ~eJ'W 
• I 0 :;'1 dl ... • I ... d ( 0 '1 .., I • I ... d d • I 'l .. .., 
u1~~1u"1Jf.l'lw1tllil\Ylfl11fl11~ u~eJ\Ylfltlb"lleJ'W ?11L 'W1 ~ Vt?f1'WI"l11:W u~eJ\Ylfltlb "lleJ'W) L 'WeJ u)~ btl"ll'W\Yl1'Wfl11 

~\Ylfl1"a L"li'W fl11~1Yl~h\9ltJfl11:Wrl1~q.jl"l11:WL~tJ'I fld1:WL~tJV!1tJ "1W1 ~f.l LD 

(3) fl11\9l11~?feJtJLIYltJflru~m1~fl11\9l11lil?feJtJfl11~D~BIYlnm~eJ'W (Formal Inspection) 

Ltl'Wfl11\Jl11lil?feJtJ 11Ylvi1~'V11'1f1t:l.Jl~ ~L ~tJ1"111ty~m~'tl~D1~'V11'WLL~'~~~~'W 1 ~ri'1L 'W'Wfl11 

~VJ\9l1:WLL~~~'~11"'il?teJtJI"l11:WD~B~'~nm ~B'W~rl1~ru 1'11:W1~ v~ L 1m~'~ eJ1"'iln1Vt'WIYl"'il 1 n m t1n11 1-if'I1'WLL~~?tfl1'W 
~ ' 

.d d t 
fl11~b?ftJ'1"1JeJ'I b "lleJ'W'W'W 1 

(4) f111m1"'il?feJtJLIYltJmruVlLPI~ (Special Inspection) 

L U'Wfl11\9l11lil?~Bu LdBi1 m\9l n11WeJIYl't.ln ~hfi ~'~~'W Vt~mfi ~'~ m1:w L~tJVt1 tJ L "li'W LdmniYl 
' bbt.i'U~'W 1 Vt1 LdeJi11~19i'uJ1?t'I~'WV!~eJ~\Yl~'leJC.h'111\Ylb ~1 (rapid drawdown) LdeJ'WtJ':hi1e1'\9l11 fl11~16ii:W?t.:J~'W v v 

eJIYl1Jn~ i1m1'Vl11Yl~1 LL\9ln{11 ,~, ~eJVJun~ Ltl'W;)'W m1m1~?1BU1'Wmrutl ;}eJ'IeJ1~tJfl11:w"I11'W1ruLo'W1~ ' ~ 

~1'W\9l 1~?tfl1'W"llB'~ fl11:wc;jiYlun~tTu 1 ~'l"'il1L tl'W~ B'~ B 1~tJoifmJ~ L ~ Bm11 Lfl11~-HL dB..:J;}'W 11Yl tJ~1tJ~IYlfl11 
l"l11~1J~B IYlnm ~eJ'W"llB..:JrlTun"ll~D1~'V11'WtY'W 1 118'11'W 1 ~~1'Wfl11~D~B IYln tJ L ~eJ'W.yj lil11 ru1"1leJ m 1~ L ~'W ~1n 
~L ~tJ1"111tU Lu'W1~ ~1'WtT'W ll1 bb~~ b oV1\P11L 'W'Wfl11\9l11~G1eJtJbb~~th~ L5J'U?tt:l1'W~ fl1'5W 'W{eJ~~.:J~ \Ylvl111tJ'I1'W v ~ I 

1~nu1fl1'1fl1)"1 LL~~clTun"IJ~D1~'V11'WtT'W 1 ~eJ 1 u LVt~m1cl~eJ 1tJtl "'il1LU'W~eJ'Ii1m1m1"'il?teJu?tfl1'WL~eJ'W 
LU'WflJW.yjbPI~ 

(4.1) ~'UI'lnVttin C:w1nn'i1 200 ~~ . 1'W 24 "ll:w.) 

(4.2) ~'W\9lfl'W1'W Cl'ln~m~eJ'!Ln'U 4s "11~ . ) 
(4.3) i1n11~\YlVt~m~~1~19i'uJ1m.h..:J11\YlL~1 (1 :w./1'W) 

( 4.4) i1LLt.i'U~'W 1 Vt1Lfi'W 7.5 1'11~~11'111~flb\9leJ{ Vt~eJ?f1:WTm{~flL~~~1L ~eJ'W 
" 
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n11~1L ihJf11':i\Jl':i1~G1.n1'Vi Lflmn~~~Cj~tJn91Yn~n~11lJ1LL~1·th~~ti ~ a~L .rrTvhm1 
d .!1 Q.J I I d QJG I ~ Q.J ~ 

\Jl':i'".l''ilG1e:J'UG1fl1'ViL"tltlti LLrl~Lw1':i~1~e:Je.J1~\JIBLtie:J~ ':illJ':i~e.J~Ldr\1 1 G1u~TVI ~~ti 

f11':i\Jl':i1~Frf~~ 1 fl1CJ 1 ti 24 i11lJ~VI;;;'~Ln~LVI\Jlf11'HU 
' 

f11':i\Jl':i1~Fl#~~ 2 48 i11lJ~VI;;;'~~1flf11':i\Jl':i1"ilfl#~~ 1 

f11':i\Jl':i1~Fl#~~ 3 48 i11lJ~VI;;;'~~1flf11':i\Jl':i1~Fl#~~ 2 

m-a\Jl':i1~Fl#~~ 4 48 off11l.J_,,;;r_,"il1nm':i\Jl11"ilfl#_,~ 3 

~1VI-r'U'ne.Jrt~LBEJ~ 1 tif11':i\Jl':i1~G1fl1'ViL ~e:Jti 1 timruViLPl~ i1~~vle:J 1 ud 

.ol .., .ol ·' .ol ... .ol .,: 1. \Jl':i1~G1fl1'ViL "tle:Jtifl1e.Jtie:Jf1\JldL"tle:JtiLLrl~e:J1Fl1':iu':i~fle:J'UL"tle:Jtime.J ff7llm L 'Vie:JVI1G1.:! 

Cj~tJf19JvJ1~'11~LLn f111'Vl1~~1 f111Lfl~e:Jti~1 f111~1;lJ LLrl~':ie:Je.JLL\JlflLLE.Jfl 
'I .., .ol ... ""' ., .., "" ""' d.. :: 

2. \Jl':i1~G1flTV'Ifl1e.J ~ti\911 L"tle:JtiLLrl~~1ti':i1f1 mtJ LfJ'ifNJleJ{1}1'J1l'J~WC]{1)n'i'Jl/L "ifeJU 'Vl\Jl~\91~ 

1it ti~lL ~tltiLLrt~;J1ti':i1f11~LLn ... 
2.1 u-a~~titi1 \Jl11~1~~ltJBtlmcl Piezometers LL(;l~ Observation Wells 

' 
2.2 f11':i'Vl':i~~1 \Jl1T'il1~~1Ve:Jtlmru Surface Settlement Point, Maonetic ' . ::, 

Settlement Gauges LL(;l~/ VI~B Cross Arms 

2.3 f111Lfl~Bti~1 m1"il1'~~1Ve:Jtlmrulnclinometer 
' v~, QJd Q.lll ""~ 

2.4 n1111fijlJJ:.J1ti\JllL"tltltiLL(;l~~1ti11f1 \Jl':il~l ~~1e.JB1Fl1':il ~ti 1 (Seepage 

Flowmeter) 

2. fi'<t~ua.n1rw (Condition Index) 

2.1 ninn11 

G1fl1'ViCj~tJf1~ L"IJti f111'Vl':i~~1 ':itle.JLL\Jlf1~11 J1;lJ "1rl"1 ~Lfi~~W)'UL~tlti VJ1L~L~tltiLfi~Fl11lJL~e.JVI1CJ 
' ~~l.l1n Vl~a tiav ~tia~n'UFl11lJ'itiLL ':i~"lle:J~6'f.n1'Vi~Lfi~~ti ~~,Ttim11 'Yi~1tiL~Btie:J~\Jlrta~nm ~~~a~vh 

~ ' ~ 

f111 \9111 ~G1tl 'U LL(;l~ U11.:! -r f1~1 L ~ e:J tit)~ 1~ "'~ 1 LG1l.Jtl ~1 eJ L -dti n ti i~ f111 \Jl':i1 ~G1tl'U~1 ~-r'U m 1l.l'W e.Jl.J~-1 ~ 1 f1 • 
mv1titl1~L'V1Pl LLrt~vi1~tl1~L'VlPl Fia f111\Jl11~6'f.n1'ViL~e:Jti~1e.JG11e.J\Jl1 (Visual Inspection) LLrt~m-atl':i~Lijti 
G1fl1'ViL~e:Jti1~e.~i~~"lfilG1fl1'Vi (Condition Index) 

·' "" .ol t/ ·' ... 0 ... ...r f11':iu':i~LlJtiG1fl1'ViL"tle:Jti~1tifl11l.lurttl~.f1e.J LLrl~f11':i'U1':i~':if1~1 lJ'Viti;i1tilJ1~1fl':i~'U'U "REMR" "liB~ . ... 

vrt.be.J~1ti'VlV111'll1~tl-a~L'VlP1G1VI-r~ml.l~f11 (US. Crops of Engineers) ~~~~LL\Jlf1vl1~1tl~1f1f111U':i~Lijtifl11lJ 
Ur!B~Ji'm~BtiLiJEJ~tl~1~L~m L~tl~"il1fli~f11':id~~ij;J1ti-rre:JlJ(;l"tlm'Vlfle:J~I'i'tJ-a~fltl'IJ~tle.J"tltl~L~tlti LLi;l~iJf111~~ ... ~ . 
'IJtiVim1 vr~~ LB V~"tle:J~G1fl1'Vi a~ l'ltl-a~ na'U~B m Vl~1,rti 11l.l1fl~G1 ~ L vh~~~ L Uti 1 tl1~ tiel n~ 1 n,Tti 1 tif11':i 

' 
U':i~ ~titJ-lVi~11UJ1J 1'\IIU f1Fl11lJ~1~qj"tltl~B~I'ltl1~ fltl'U,rti 'l ~ijv] eJG1.f) 1'Vi f1111 'Yi-11ti LLrl~ fl') 1lJUrltl ~ Jl e.J"tl tl~ ~1 
L ~tlti 1~V11lJBf1~1e.J Lflvtl':i~lJ')(;l 1 ti1~~'UG1~Vl1t.J"il~eHJfllJ1L UtiFh~'IJUG1.f11'Vi (Condition Index) ~_, L uwi(') • .a~~ I ~ I 4 odl 111 I ~ d ~ 1 4 dd _. q_J Cll 

L(;'l"lJ'VllJFl1\Jl~LL\Jl 0 t;)~ 100 L'Vitl 'll'U~'UtlflmG1fl1'ViL"tle:Jtititi'l ~e.JL"tltlti'VllJFld1lJG1lJ'U':iWLLrt~G1.f)1'Vi~'VlG1~ ~~lJ 
~ ' 

I :: .Nd d !'I ol ... 1" 1" ol A .. I ... .. !'I I 4 

Fl1 Cl=100 'Vl'ltiL"tltlti'Vltle.J~ti&'f.f)1'Viui;leJ~fltJLL(;l~ 'll~1ti ~\Jl1l.Juf1\Jl "il~lJFl1~'!JtiG1fl1'VieW~ti'll1~ 70 t;)~ 100 
~ ~ 

~1VI-r'UG1.f11'ViL ~tlti~iJfi1 Cl ~1fll1 70 "il~~e:J~ 1~-r'Uf111~e:JlJLLfijlJLLri~U11~-rn~1vltl 1 tJ ~~6'11l.l11t;) 1'Yifi1 • 
Cl= 100 ~tJ':i~LijtitlL ~tlf11':i~~,h~'UFl11lJL ~~~bti 1 ti f111~tllJLLfijlJ 1 ti1~VI11~ L ~tltivl1~ 'l1~B f1 ~-m 
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B ~1\11 ~fi~hnn~'Ul Vll'lf11~~\I'Vl~ t11tJ"lJB\Il ~B 'U\J B tlfl~ \I'V'IUl1lfi ~'OJ1 f1 B\1 rl'th~ n BU ~B tJVI~BBtl mruU1\I ' . 
~'Ul~tJVI1tJ 1 o0\11\J hn~ ~\ltY'U m~ 1 ~tl1VIU f)fl~ bb'U'U 1 ~l Vll.n~&i:WnUB\1 ri'tl~~ flBUl ~B'U~\1 b U'UB n b~ B\IVI~\1~ 

0 .... 

&11fl(\! 

4 d I d'tl ,el tV I Q 4.1 QJ d' ,d II Ql QJ ~ Q.l 

'OJ1 fl&i:W:WIJ1~1'U'Vll1B\Ifl ~~flBU"lJB\Il "lffi'U~\1 n ~1l:Wfll1:W&i:W'V'I'UuWtll"lJB\I n'ULL£1~ fl'U n1~VI1'U1VI'U f1 ' ... 

fll1:WG11~'\J (Weight) ~\11~~'0J1~fiJ1LU'U Matrix ~L~tlfll1 "Interaction Matrix" Lbt1~1~'111:w1tl~~~nl'l1i 
nub~B'U ~\ILL&1~\11Wn'V'I~ 39 ri1VI'ruL\htJ~~&i\lfl"llB\If11~UB\In'Um~n~L~1~~~1VIoU1b~B'U 

Columa 

Row 1 2 3 4 5 • 7 8 9 

Crest and 
I I I I I I 

Shouldcn 

2 I 
Upstream 

I 
Slope 

Downstream 
l I 1 

Slope 

• I I 
Upaueam 

I 
Groina Areas 

Downatrcatn 
5 I I I 

Groins Area. 

• I 1 Abut:mcotB 

7 2 I I , 2 Found•lian. 

8 2 3 I 3 I 2 Re.aervolr 

EnvtronrucutW 
9 2 2 2 2 2 3 

Loadmg 

D1'V'I~ 39 Interaction Matrix for Protective Surface Cover 
.,j 

'Vl:W1 :Anderson and Torrey, 1995 

'OJ1nD1'V'I mri'tl~~nBU"llB\IL~B'UL~mnu "Protective Surface Cover" LL&1~'11il'WLL'UlLG1''U'Vli.LtJ\I 
:WUVB\1 Matrix LL"~~-m~"ll~\1 2 ~1\J"llB\IL~'U'VlLLti\I:W:W LUtJJ1VItinrYd1:W~1~fll~eJ\Irltl1~flBUVI~\I~vtB~n 
' ' ·~ 
B\lrltl~~flBUVI~\11'WViPl'V11\IL1t.J'UI'l1:Wb~:W'U1'i4m L-d'U Crest and shoulder ~~'VlB'V'It'lvtB Downstream 

Slope LiJ'U 1 ~l'U 1'W"llW~~ Downstream Slope ~~'Vlcr'V'It'lvtB Crest and shoulder LU'U 1 ~1\J~"W 
L-d'UL~t.Jln'U Lbvt~1~'0J1~W1fll1:W~:W~'Uih~VIl1\l Upstream Groin Areas LL£1~ Reservoir 'OJ~LLI'lflvt1\ln'U 

~B Upstream Groin Areas hJ~~'VlB'V'It'lvtB Reservoir Lt'ltJ 1'W"llfiJ~~ Reservoir ~a'VlB'V'It'lvtB Upstream 

Groin Areas LU'U 3 ~l'U LU'U~'U 

d II II " mri'tl~~nBu B1f11~~\l'\l1/~~U1t!'l11 0 " L't!B'U B1f11~~~U1tl'U1t'l'U 

... 
3 3 L't!B'U 

II II 

B1f11~~\I'I11/~~U1tJ'\l1 1 1 
II 

0 " 1 1 B1f11~~~U1tl'U1t'l'U 
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m~1 \XJ l"v'I'IJ n ~~ n~11-ih~~'U l.l1~1 n m~Yi~1~ru1fl11l.l~1~fi!·!HN a~r1'1J~~ n e:JU'VI-d~~ile.Hl~ a B n 
".1 .J '1 .., 'i '1" a vd 

e:J~flu~~ne:J'U'VI'U~ b 'U~n~ru~'Ue:J~~~b 'VI~ (Cause) bb~~ e..~~n~~Vl'U (Effect) b~V b "!lfl11l.lb 'VI'U'Ue:l~~b "!lV1"!l1fl! 

Lb~~m1l.lb~V'VI1V~IJ1~1~'V'lu1'U~'U1lJLU'ULnru'fl 'UamnmT'Ut1~rhi1~5~ian~1~bb~~Vl~ni'Un1~'Vl'~''U"lle:J.:J 
a~r1'1J~~ nau 

iu"'m.Jft 1 m~'W ~~~ru~a~l"l'IJ~~ nau 1~v~1l.l'lm~ 1R~~ m~~ih~ ~um1l.l~1~fl! whn'U 

"" ... I "" I :"I I '1 I 1" I "" ( ) n1~'V'l~1~ru1e:J~flu~~ne:J'Ub'Ue:l'U ~1l.l1~mb'll~e:Je:Jm u'U 3 ~1'\J b 'VI(\! 1 ~bbn 1. b'Ue:l'U Dam 

2. e:J1m~vlm1~J1!vla~~u1vJ1 (Outlet) bb~~ 3. mm~~~'U1VJ1~'U (Spillway) 

.ffu"'vuft 2 m~Yi~1~ru1a~l"l'IJ~~nauvav'Ua.:Ja~l"l'IJ~~nau1'VIqj 
f11'joW ~1'j"OJ1e:l.:J 1'1'\J'j~ n auva E.J'Ue:l\1 eN 1'1'\J'j~nau 1 'VIru~il~1 ~u ~~ ~.:Jl.l1 bb~~ij fl11l.l~1~UJ 

"' "' 
I Q.l I Q.l "" Q.l "" "" b'Vl1f1'U b"!l'U \Jl1b'Ue:l'U ~1'\JE.l'Ub'Ue:l'U bb~~~1'Ub'Ue:l'U ... ... 

#u~wuft 3 m~Yi~1~ru1~m'V'l~~~'Vl1m'jm1~'Ue:J\!e:J\!I'1'1J~~nauvav 
m~Yi~1~ru1~m'V'l~1-:J1 u~L1rua.:J!"l'IJ~~nauvaveua.:JL~a'U b~'U m~V11~1K1 J1;l.l LU'U~'U 

~\I bda di ~~fl1'V'l b 'V1~1d'Vl11 ibn ~fl11l.J b~V'VI1 E.l nu\K 1 b ~e:l'U 'VI~e:JM11'V'l b 'VI~1d b U'U~fl1'V'l ~~'IJ n~~\1 1:Um 'j 

Lnru'fl m~ 1 ifl~ Lb 'U'Ub tl'U~1'U~~1~fl! 1 'U f11'jfl1'VI'U~rh~"!lu~m'V'l Lb~~u.:Jua n ~fl1'V'l~ Ln ~;'U ~~ .:J "!l ru~'Vl1 
n1~\Jl~1~~fl1'V'l"Ue:l\!e:l\! 1'1'\J'j~ nautT'U 1 'Ue:l n~1mT'UtJ~U~'Ue:l no\! fl11l.J-;i1b U'U 1 'U m~srie:Jl.JU 'lfl.J 'VI~ B'IJ~'U'IJ1-:J 1\.1 

B.:Jr1'1J'j~neJutT'U 1~1l.l1~t~'Vl1\!1'U 1~~J~1l.li'~J~~'IJ~~~.:Jr1 R~u 'U'Uvtl i'l~ u U.:Je:Je:Jm U'U 5 ~~~u 1~vfl~ u 'IJ'IJ'j~~u 
1 ~ai1~.f11'V'lbbV~~~ "'il'UO\!fl~bb'U'U~~~u 5 ~Bi1L~B'UB~1'W~m'V'l'IJn~ 

BV1\! 1 ~fi~u1-:JB'Ir'i'IJ'j~nBum~ 1:U-;J1bU'U~B'Iil~~~ufl~bb 'U'Ufl~'ll~.:J 5 'j~~u ~.:Jd~'UB vnuR11lJ'j'IJbb 'j.:J 
'll • 

.J I fV I d ~ fl&l ".f ~ Cll CV cf QJ .., d Cl 

Vl~~~~e.J~e:l'IJ\Jl'j1EJ\Jlm'UeJ'U m'VI1f1tJe:ll.lb'VIv\!flu~~neJ'll'U'U1l.l~~~'Ufl~bb'U'Utl.:J'j~~'U 1 bb~1b'Ue:l'U e:l1"'il"'il~bn~ 

m~L~EJVI1V"'il'UO\!.ff'U~.:JV1~1v1'1Ju~1 IK1BV1-:Jb"!i'U f11'j"Ln~~mJ1 ilm'jfl1'VI'IJ~'j~~ufl~bb'U'U11\Ylv.:J 3 ~~~u 
1~v'j~~u 2 1~n1VI'U~fl11l.l~n'UeJ\!m~Ln~~eJ.:JJ111~R11l.l~n'IJ'j~lJ1ruL ~1 Vll.l1Vfl11l.li1f1'1 L ~B'Uilm1l.l~n 
'Ue:l\!~e:l.:JJ1l.l1nniwll1bb~1 b~e:l'Ue:l1"'il"'il~~~b~VVI1V bU'U~'U VI~B1'U~fl1'V'l1 tT'U LdeJoW"'il1~ru1bb~1i1 m~ 
uu.:JVBVBBmtl'U 5 'j~~u m~v111i~~J~~1"'il~fl1'V'lLn~m1l.l"'~L~1~1'Um~1ifl~bb'U'U L~e:J\!"'il1nilm~Lbu~~~~u 

'll 

vttn~LRV\!tl'Ul.l1mn'U 1 'IJ 

"" 0 :'I ... I .H .,j I ... I :'I I "" '1 .., 1 ... 
f11'j\Jl ~1 ~~fli'V'l L 'Ue:l'U ~1L u'U\Jle:l~ bL 'U~'V'l 'UVlLL\Jl ~~e:l ~ flu'j ~ n B'U b u'U"!l1\! L 'V'l e:l b 'V1~1l.J1 ~(l\Jl'j1 ~~fl1'V'l ~ 

.. V 1" a I.. I I"" 1 I I .H .,j"" Q.l "" 

~~LBV~bb~~~~Vle:l'U 'VILVI'U11lJ~~'Uf1'V'l'jeJ.:J€l~'U~L1W ~ b"!l'U f11'jbb 'U\!'V'l'UVlb'V'le:ln1~m1~~fl1'V'l~'Ub'U€l'U n1~ 

bbU\!~'U~b Yie1 m'jm1"'ilMn'V'l~1~b ~B'U b U'U~'U 1 'U f11'jbb u.:J~'U~-;!1 L tl'U~'l~l'i'B.:J L~B n15m'j 1 iL 'VIl.l1~~l.l ~'~ 
B1"'iltl1'VI'U~~~ v~ b yjvvl1n1'j\Jl'j1"'iJ bL~~ e..~~fl~bb'U'Um~"'il~ilfl11l.lt~nl'i'B'I ulJ'UV1l.l1n;'U vniK1BV1\! b "!i'U f11'j 

'll tJ 

UU.:J~~V~\Jl11"'il'U'UG1''Ub~tl'U f11~bbU\I~~tJ~~~'Udi'U1'1J b"!i'U bbU\11~V~'Vln 50 l.l. vh1il'i'e:J\Ivl1\11\Jl.l1f1~'U • 

34 



d d I d A. I I 0'}11 I 3 1 \1 

1~mu'Vi1~~'1le:Jtt'Vlt.JTU.nn1 m·mm~~t.J~'Vlt.l11~ntthJ ~'tltl ~~u.:~~~t.I:::VJn 300-500 l.l. 'Vl1~vt.:J1tt.:J1t.J'U'U ~~\Jim 

1ttm~~~\Jl1l.l~~tlL~1~~1.:~1;'1m'Vi~~~£JVI1t.IVI~tltl1~Vh1~vt1U1~1ru~.:~mh1hl~~tl ~Utl~'U 

..! 1 al A. d II cud q~ d do QJ <dil 1" 
n1~\Jl~1~1;'1fl1'Vi~'Utl'U ~£Jn1~u~::~l.J'Ui;'1fl1VH'Utl'Um£J~'tl'Ui;'1fl1'Vi l.J"U'U\Jltl'UVI'U'l'Vli;'11flqj l"ltl n1~ VI 

tl1vt'IJ n fl11l.l~1Pi' qJ"UB.:Je:J.:J Flu"j'::: n e:Ju ~~ L ~ e:J.:J ~1 n l"l11l.l L~£Jvt1£J"Utl.:Jtl.:J Flu"j'::: nt:Juvtil.:~e:J1~~.:~ ~G'l ~~t.Jvt1£J 
-r1 £J ~ ~ .:~~e:J t:J.:~ Flu~~ n e:JU~'U 11~ ~.:~,!'I.Jm"j'n1vt'U~J 1vt'IJ n fl11l.l~1Pi'qJ"Ut:J.:~ t:J.:~ Flu1~ n t:Ju ~ ~B'U ~1vt-r'U m1 

U1~Lii'UI;'1fl1'ViL~tJ'U~1t.J~'tlUI;'1fl1'Vi,!'U 1m-ff1~ Matrix Method fit:J l"l11l.l"'l.l~'Ulh~vt11.:~t:J.:~Ru~~ne:Ju~ 
"'.:!~G'ln.:Jntt"j'::VIl1.:! 2 mRU"j':::f1tJU~vl1f11T~';J1"j'UJ1 ~"!i'U l"l11l.l"'l.l~'Uth::vt11-:JG'l1~~~tlt1~1'ULVIUe:Jtl1nU"''U 
L ~tl'U f11~oW~1~UJ1~1f1LVIIJI1 U~~G'l L"!i'U fl1"j'n~L'i11::U1 L1UJG'l1~~~tl'U~1'U~ V!UtJtl1~:::~-:J~G'l1 ~"'tl~ ~tl'ULfl ~m~n ~ 

• OJ 

... .?i " 
L'il1::~1t.l ~u'U\Jl'U 

l"l11l.l"'l.l~'U5"1JtJ.:!tJ.:!RU~::ntJU~1vt-rum~ 1 ~tl1vt'l1 f11"111l.l"'l.l~'U5 fiB 

0 "' 1~i1m1l.l"'l.l~'U 5'Ut:J.:~ t:J.:~ Flu~:: n tJU vtmt.Jm 

1 
d 

t:J.:~Fiu~:::nt:J'U A L~£Jvt1£J'V111~t:J.:~Fiu~::ne:J'U B L~£Jvt1t.JUtJ£Jn11 Vll.J1t.J~.:J 

2 "' t:J.:!RU~~ne:Ju A ~~t.Jvt1t.Jvl11~tl.:!RU~:::nt:Ju B L~£Jvt1mvhn'U vtl.l1t.Jm 

3 "' tl.:!flU"j'::fle:J'U A L~£JVI1£JVh1~tl.:!RU~:::ne:J'U B L~£JVI1t.ll.l1f1f1l1 Vll.J1£J~.:J 
... 

4 
d 

tl.:!Rth:::nt:JU A ~~£JVI1£J'Yh1~tJ.:!FlU~:::nt:JU B ~~t.IVI1£J-r1£J~~.:~n.:~-ll'Uiim vtl.l1£Jm 

1 'U n 1T~~1"j'UJ1f11~1 ~J 1VIU n 1 'UL~~ G'l:::tJ.:J flU"j'::: f1tJU LLG'l:::l;'1fl1'Vi,!'U :ij1 L iJ'U~m 1 ~~ L ~£J1'tl1qj~1l.ln'U 
n1vt'U~~11"l::: Lb 'U'U"Ut:J.:~tl1vt'l!n1~£Jm"j'rhil.:~n.:~ fl11l.JLU'U 1 u1~~~::Ln~~'U vt~.:~~1n~vl1m~1 ~~"~:: LL 'U'U"UtJ.:~ 
tl1vt'l!n LL~1 ti!e:J.:~vl1n 1"j'~ 1~t.Jm'Vi~1l.l"Ut:J.:J rhtl1vt'l!n 5nl"lf.:~ ~ ~ tJ ~ U'U~fl~t:J.:~ £lut1t~n.:~l"l11l.l~ntile:J-3 

~ ~ 

Cl WF 1*SC 1 + WF 2*SC 2 + WF 3*SC 3 + ... + WF n*SC n ....... (1) 

..! 
Cl 01 "" 

..! 
Ll.Jtl = ~"l.l'Ui;'1fl1'Vi"Utl.:l ~ "Utl'U 

WF1 = tl1vt'l!nm1l.l~1PlqJ"Utl.:JtJ-3Ru~::nt:Ju~ 1 

scl "" = l"l:::~b'U'U"Utl-31;'1[)1'Vi'Vl 1 

WF2 = ~ " 0 Ill f"tl d 'U1VItlf11"111l.li;'111"lqj'lleNtJ.:Ifl ~:::fltJU'Vl 2 

sc2 "" = f\:::~'U'U'UtJ.:JI;'1fl1'Vi'Vl 2 

WF3 = tl1vt'l!nm1l.l~1Plq]"Ut:J.:!tl.:!RU"j':::ne:Ju~ 3 

sc3 "" fl:::bb'U'U"UtJ.:JI;'1[)1'Vi'Vl 3 

WFn = tl1vtUf11"l11l.l~1Plqj"Ue.J.:JtJ.:!RU"j':::nt:Ju~ n 

sen "" f\:::LL'U'U"UtJ.:JI;'1tn'Vi'Vl n 
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fiLI'l~LL"~ 1 'U'V11.:!~1'1.i'J"d1n11 cJ.:J 1 iL~tJn11~~~~~'Ufl"l1l.J611~~ 1 'Uf111'1imJI.L~l.JLI.a~tJ~\J't.J~.:! ~ fl~'"W 611V1.Y'U 

Lnru,Jrn11~R~Lb'U'URW~vl1.:!1'UlR1"lfl1W~l.!Xj'WVlfl~~~1'Ufl"l1lJUaeJ~.fi'tJb~el'Ub~,:jtJJ)u~n11fl11\il11~&1.f1TVi 
L~eJ'W~·;mrt1tJ\il1LLa~tl1~Li)'U~a~1tJ~"dtirtm'V'i 1~n1VI'W~eJeJmtl'W 5 1~~'\J ~eJ 

~~~'UR~bb'U'U 1 (0% - 20%) 

~~~'UR~bb'U'U 2 (>20% - 40%) Vll.J1tl~.:J rl.f11'V'iflel'UoU1"lLb~ bflel'Uvl1"l1'W1l.J1~ 61ieJl.JbL~lJ~"l'VIl.J~ 
~~~'UR~LL'U'U 3 (>40% - 60%) Vll.J1tJ~,:j rl.f11'V'iU1'Uflal"l ?11lJ11tl'Vh"l1'W1~61iellJLb~l.l'U1"l~1'U 

~~~'UR~bb'U'U 4 (>60%- 80%) VllJ1tJ~"l rl.f11'V'i~ ?11l.J11t1vl1"l1'W1~ rllJfl"l1'1iellJbb~lJ bb~1el1~ 

~~~'UR~bb'U'W 5 (>80% - 100%) Vll.l1tJ~"l rtm'V'i~'hnn rt1l.l1~mhn'W1~1'l1lJtln~ hJ'!ieJl.ILL'IIl.l 

fl11VI1fh~"dtirt.f11'V'i,f'UB'U~'ULL ~fl ~11. tl'U~\1~9leJ-:~~n~1bb 'U'Ub ~el'U~\l~l'l11~rl.f11'V'i 1 ~I. oU1L~el ~1,:jri el"l LL '\'li1 
neJ-:~I"ltl1~neJ'UeJ~hu1-:~ ~-:~~'UI'lel'Wfl11tlD~1~Lbrt~"lHL~eJR11lJboU11:u ~"lm'V'i~ 41 

I .. ~ 
M~111\J\JIIJ~·- I 

I 11\JJOJ!hh ~ 1\0l.Hto-... I I 1 1'tf' .. Mfi1\J~Iln9 I 

I · · ·.. .. I tmllil\J\J\J'nllOOll1ln9l1tl11WI/O',., I Ol"1',.,~!0tkih~i'llJI\~II"n',.,J 

L H·! J·t~~nllll1J rilri1}J J 

I · 4 ~ I ll'U~\I'n nn 11 'Ill ll'ftl m 

I .. I O~!l'lntl1llllll'IIO"n 

I '11n'lit~ 11/) 111 I 

I !l}ilfl~!lnt!!';., llll~!!ri'!U I 
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2. vhrnm tJ~eJ~ fitJ~~ neJ'U"lleJ~ L ~e:JtJ 1 ~L vtl.l1~?1llfl'U m~\Jl~l \l?lfl1YI 

3. 

4. 
ClJO QJ.::f d 

5. \li'I'Vl1bL 'U'U'Ut!'Vlf1 f11~\Jl~1\l?l.f11YI L "llelt! 

6. m~ 1 ~~1vt1! n~11l.l~1 ~qJ"lleJ~eJ~fitJ~~neJu L ~e:JtJLL"~?I.n1YI 
I Jf ..1 

7. LL mYitJ'Vlf11~\>1~1\l?l.f11YI 

8. ele:Jf1\Jl';i1\l?lfl1YI 

9. vt1f11~'ttii~fl1Vi 

10. ?1~'\Je.J"LL"~bbtJ1'Vl1~LLm"ll 
' 

~1mh~"lleJ~L~eJtJa1\Jl~~eJ~ LUt!L~elt!"llt!11'11vtqj '\J':i~f1eJ'U~1tJ L~elt! vleJ':i~'U1EJ~1"~a1~1L~l.l el1~1':i 
';i~'U1EJ~1~t! 1 off~1t!bL'U'Uii'U1tJ bb~~mm~':i~'U1tJ~ 1~t!tlf1L~t!bL 'U'ULtJI'I ~~~\>111\l?l.f11YI~e:J~'Vl';i1'\Jl1 b ~elt!~ , ~ 
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.., d 
1. \Jl1l"lle:l'U (Dam) 

" ... 
2. vlm1.:~'1111vlm~u1m11 (Outlet) 

3. eJ1fl111~U1tJtl1~'U (Spillway) 

fiilm~:wd~~ LL tl.:~ L~e:J'ULL(;l~e:J1fl11't.h~ n e:JudJ'U 3 ~1'\.J~'I n~11 1~vflru~~~~vh 1;!vw1tJ1:w1a 
" " 

tl'l~th~ ne:JU"Ue:l'l L ~e:l'U 111 '\X:w1n~61~ ;'I~\Jl11-;)61f)1yj tJ1";J'YiUl1L~tl'U~\Jl11-;J61eJUiJeJ'I~'lh~ nmJ Lb\Jl n\Jh'l 1 tJ , " 
vn~1e:J~1.:~b'li'U L~m.JLbllm.:~ tJ1~ne:Ju;J1m~eJ'U~Tu1'U 3 L~e:J'U vle:Ja.:~J1~.:~-n'1ve:J~~L~m.J~".n'1v a1'Uvlv~.:~ 

" 
tl1~'1"lJ11e:l~~L ~e:J'U~'I"ll11 ij\;{e:J~~~1l ~e:J'UVI~m'IJ'UL~e:l'U~'U 61 U1'1 l~e:J'Ue:l1~ hJiJvJe:J1~U1tJtl1(;1'1~1tl1L~:W iJ 

" " I 

LViv.:~vle:J~.:~tl1bL(;l~eJ1f1111~U1tJtl1~'U LU'U~'U fl1'V'j~ 45 LL61~'1~1e:J~1'1n11LLU'IeJ'I~tJ1~ne:Ju"lle:J'IL~e:J'U ~'lb'U 
e:l'I~U1~ne:JU1t~U~ 1 EJ'IU1~ne:Ju1tJ;{1tJ vlv~'ltl1/vJeJ1~U1tJtl1 Lb(;l~V1fl111~U1t!tl1~'U 
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\ 

. .., .. 
1::RUtl 1 

.,j <V t I "•I .,j 
D1'VfVl 45 (JI1t:Jtn~n1"il.b\N€l~l"lu'i:::m:l'U'Utl~L"€l\J 

3.2.1 €l-:!rhh:mt~u"€l-:!L~€l'l..! G11lJ1'lttU.U-:!LU'U'h~u.ff'U 1~~.:!\1 

1. L~ti'U (Dam) 

1.1 ~1L~ti'U (Dam Body) 
"' .. 1.1.1 G1'UL 'U€l'U 

4 tJ d ~ 
1.1.2 ~1~L 'Utl\J~1'ULV!'U€l'U1 

1.1.3 

1.2 ;i1'Ufl'U (Abutment) ... 
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1.2.1 

1.2.2 

1.3 ~1'Ub~eru (Rockfill Toe, Toe Drain, Contact Drain, Open Drain) 

... Ill 

2. €l1fl11~-3'111/1:anv'll1 (Outlet) 

2.1 vie:J~~t.nml1~-3~1,J1b~ll.J (River Outlet) 
... ' . ., 

2.1.1 ~TU'Vl1\I'U1b"ll1 

" 2.1.1.1 f'l~e:J\Iifl'll1 

2.1.1.2 mrn~-r'IJ,J1 (Intake) 
ll • 

2.1.1.2.1 Yl'Ubb~~fl1bb'V'l\l 

2.1.1.2.2 ~~Lbm\1 (Trashrack) 

2.1.1.2.3 th~~~'U,J1 (Bulkhead Gate) 
\J 

2.1.2 

2.1 3 

" I I 0 q 0 

~1'U'Vle:JmL~t.I\I'U1 
... 

2.1.2.1 vie:J~1L~t.I\IU1 

~1'Uf'I1'\Jf'I1J 

2.1.3.1 

2.1.3.2 

2.1.3.3 

• 

2.1.3.4 Guard Gate 

2.1.3.5 Operating Gate 

2.1.3.6 ~~vnu (Access Bridge) 
ll 

2.1.3.6.1 Yi'U 

2.1.3.6.2 ~mJe:J 

2.1.3.6.3 f'I1'U 

" 2.1.4 ~1'UVJ1-3'!11e:Je:Jn 

2.1.4.1 ~1\IL'Vl 
ll 

2.1.4.1.1 Yl'U 

2.1.4.1.2 fl1LL'V'l\l 

2.1.5 ~1u~mv'V'la-3\11'U 

2.1.5.1 Yru (111l~'U~~~LoU) 
2.1.5.2 fl1bb'Vi\l 

" 
2.1.6 ~1'Uf'l~m~~'IJ1t1'111 

2.2 vie:J~\1,}'1 (Canal Outlet) 

2.2.1 vi€J~\I,J1~-3i1tl (Left Canal Outlet) 
... ' . ... 

2.2.1.1 ~1'U'Vl1\I'U1L"ll1 

" 
2.2.1.1.1 f'l~e:J-3-a'n'll1 

2.2.1.1.2 e:J1f'I1~~'\J,J1 (Intake) 
ll • 

2.2.1.1.2.1 yj'IJLL~~fl1LL'Vj\l 
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2.2.1.2 

2.2.1 3 

2.2.1.1.2.2 ~~LLm-:1 (Trashrack) 

2.2.1.1.2.3 th~~~uJ1 (Bulkhead Gate) 
'IJ ., 

I I 0 .::::t 0 

~ltJ'Vle:JmL~tJ-:JtJ1 
... 

I 0 ~ 0 

2.2.1.2.1 'Vle:li:l1bi:ltJ-:ItJ1 

~1\Jfll'U~l.J 

2.2.1.3.1 

2.2.1.3.2 

2.2.1.3.3 

2.2.1.3.4 Guard Gate 

2.2.1.3.5 Operating Gate 

2.2.1.3.6 61~vnu (Access Bridge) 

.. 

... 
2.2.1.3.6.1 ~'U 

2.2.1.3.6.2 ~e:nJB 

2.2.1.3.6.3 fl1tJ 

2.2.1.4 ~ltJ'Vl1-:ltl1e:le:lfl 

2.2.1.4.1 11-:IL'Vl 

2.2.1.4.1.1 

2.2.1.4.1.2 

2.2.1.5 ~1tJ61mtJ'Vi~-:~-:~1tJ 

2.2.1.5.1 ~tJ (1ll.J~\Jlil1~b-il) 
2.2.1.5.2 tl1bb'Vi-:l .. 

2.2.1.6 ~l\Jfl~el-:l~-:ltl1 

2.2.2 vieJ~-:~J1~-:J"(J11 (Right Canal Outlet) 
" I 0 lV 

2.2.2.1 611tJ'Vl1-:ltJ1b"(J1 

2.2.2.2 

2.2.2.1.1 

2.2.2.1.2 

" fl~m-B'nt!1 

mm~-r'UJ1 (Intake) 
" "' 0 2.2.2.1.2.1 'VitJbb~~fnbL 'Vi-:! 

2.2.2.1.2.2 191~ bbm-:1 (Trash rack) 

2.2.2.1.2.3 th~~~uJ1 (Bulkhead Gate) 
'IJ 

.. 
I 0 q 0 

2.2.2.2.1 'VleJmL~tJ-:J'W1 

2.2.2 3 ~'J'Wfl'J'U~l.J 
.,. 

2.2.2.3.1 el1fl1~flel'Wfl'JI9l 

2.2.2.3.2 eJtlmrubfl~eJ-:~n~ • 
2.2.2.3.3 eJ'IJmru1~vh • 
2.2.2.3.4 Guard Gate 

2.2.2.3.5 Operating Gate 

2.2.2.3.6 ~~'Vi1tJ (Access Bridge) 
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"' 

Jl 
2.2.2.3.6.1 'W'U 

2.2.2.3.6.2 ~mJe:J 

2.2.2.3.6.3 rll'U 

2.2.2.4 ~l'U'Vl1.:Jthewn 

2.2.2.4.1 11\IL'Vl 
Jl 

2.2.2.4.1.1 'W'U 

2.2.2.4.1.2 tl1LL 'W\1 

2.2.2.5 ~l'U"mvow~\I\11'U 
"' 

2.2.2.5.1 Ylt.A 

2.2.2.5.2 tl1LL'W\I ... 
2.2.2.6 ~l'Ufl~e:J\1~\1'111 

3. e:J1fl11";i:::U1ti,Y1~'U (Spillways) 

3.1 e:J1fl111:::U1ti,Y1~'U1oU\11'U (Service Spillway or Primary Spillway) 

3.1.1 LLUU 1lJiJU1'U (Ungated Spillway) 
"' I 0 t/ 

3.1.1.1 "l'U'Vl1\I'U1L "111 
Jl 

3.1.1.1.1 'W'U 

3.1.1.1.2 m~~1'U.U\:~ 

3.1.1.2 ~l'UfllUfl:U . "' 
3.1.1.2.1 cJ1tifle:J'Ufl~~ 'th:::fle:JU~lti~'ULL~:::tl1LL'W\I 

3.1.1.3 ~1'U'Vl1\1~1L~ti\I,Y1 (Chute) 
Jl 

3.1.1.3.1 'W'U 

3.1.1.3.2 tl1LL'W\I 

3.1.1.4 ~l'U"mvow~\I\11'U 

3.1.1.5 

3.1.1.6 

Jl -~ "' 3.1.1.4.1 'W'U (";ill.l'n'U'<il1:::L"IJ) 

3.1.1.4.2 tl1Lb'W\I 
"' 

~1'Ufl~e:J\11:::U1tl'l11 
~ 

":::'W1'U1tlti'U~ 
Jl 

3.1.1.6.1 'W'U 

3.1.1.6.2 ~mJe:J 

3.1 .1.6.3 fl1'U 

3.1.2 LLtltltJ1'U (Gated Spillway) ., 
I 0 t/ 

3.1.2.1 "l'U'Vl1\I'U1L "111 

3.1.2.2 

Jl 
3.1.2.1.1 'W'U 

3.1.2.1.2 

~TUflltlfl:U 
' 

3.1.2.2.1 cJ1tifle:J'Ufl~~ 
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.r 
3.1.2.2.2.1 YfU 

3.1 .2.2.2.2 

3.1.2.2.2.3 fl1'U 
.r 

3.1.2.2.3 Yl'U 

3.1.2.2.4 

3.1.2.2.5 

3.1.2.2.6 

3.1.2.2.7 
... 

rl1bbYl'l 

tJ1'U';i:::tJ1CJ < ';i'n.mtlmru) , 
~tlmrubfl~e.J.:~n" 
e.Jtlmw1vHh , 

3.1.2.3 G1'J'U'Vl1'lthfleJfl 
.r 

3.1.2.3.1 Yl'U 

3.1.2.3.2 rl1bbYl'l 

3.1.2.4 G1'J'Ur.'1mCJYl;;r.:~.:~1'U 

3.1.2.5 

3.1.2.6 

.r .":1 .., 
3.1.2.4.1 Yl'U (';i'JlJn'UI'J:::L"lJ) 

3.1.2.4.2 rl1LbYl'l 
... 

~1tJfl"'eJ'~~:::tJ1titl1 

3.1.2.6.1 
.r 
Yl'U 

3.1 .2.6.2 
I 

l'lfl:We.J 

3.1.2.6.3 fl1'U 

3.1.3 bLtJULhmLI'l';i (Morning Glory or Drop Inlet) 

3.1.3.1 ~'J'Ufl1tJfl:W 1~Lbrl ~1CJ fl~tJ LL":::vleJ~'l 
3.1.3.2 

3.1.3.3 

, ... 
I 0 cl 0 

r.'1'J'Umb"CJ'~'U1 

3.1.3.2.1 vim=l1b~EJ.:~tl1 (vle.J'Ue.J'U) 
... 

G1'J'U'Vl1'1111eJ f) fl 
.r 

3.1.3.3.1 Yl'U 

3.1.3.3.2 fhbbYl'l 

3.1.3.4 ~1'Ur.'1"1CJYl;;r'l'I1'U 
.r .":1 ... 

3.1.3.4.1 Yl'U (';i'J:Wn'UI'J:::b"U) 

3.1.3.4.2 rl1bLYl'l 
" 

3.1.3.5 G11'Ufl"'eJ'I';i:::tJ1CJ111 

3.2 B1fl1';i';i:::tJ1EJtl1~'UGflb~'U (Emergency Spillway) 

... 
3.2.1 ~1'U'Vl1'11l1b "l~h 

3.2.2 G1'J'Ufl'JtJI'l:W 
J 

3.2.3 G11'U'Vl1'1111e.Jflfl 
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tp 

• tbl.!H.I!1@1!1tl.1.t-t! t-U!I.1.f3tl.1.tb@IM fO' l'b 4'b II f' t-L[1L~I!1_t.1.1.t-,Q: Lrti.1.G~t~nG~, 

nBR.mf3nL~ 1·1 
F' "' 

• ~n].~~ 11tt!~!.f11!1_t.1.1.t-,Q: ~!1ruL!.[1nB~, t-L[1L~I!1_t.1.1.&-,Q: Lrti.1.G~t~nB~, 

tb@IM1!1L~ 
F' 

• • ft1.1.lt-f3~ ,1!1_t.l.1.t-~ L!,LQI11!1@t-tllft,,tb@~, !,J1!,Jl.tv\.,~t1.1.t-l! tbL!!~WW,mBR., 
fO' lb l'b I P 

LnGnl.1.mGR.,~L~ nGR.m~ 
... F' F' "' 

Ltbf3LIA.tb@fl.,I!1L~~~,, LnBnl.1.mBR.,I!1L~ nGR.m~ f3ti!111BU~!,n nBR.K~ 1"1 ~ II f' ~ ~ p r-=-(b J'$ IV p lb 

(WI?Q) tb@IM ·1 
F' 

(nBR.111BU~!,[1~&-B F' , 

t-Bfl.lb~L~tbQ,B~L,tbl.1.fl.~,t.~) !}&-~ nB~mBU~!,[1~&-B&-fb,,!,LUrtL~ 11BU~!,f1!,L~LB~~,mB~,M.Lll z·z·£ ... ' ' 



Rockfill Toe 

L~el'U~htll1 ..ij,:J'VIl~fllW~'lJ\5 
' 

Contact Drain 

L~fl'lJ~lUl1 ..ij-:J'VIi~fllW~'lJ\5 
' 

" " 
2. vim1-:J'Ill/1~'UltJ'Ill (Outlet) 

Open Drain 
..1 ""O<V<V «! 

L "tlfl'lJ'Ul.:J L Vl'lJtn~l ~\l'VI'J~ilLfWl 
'II 

Gutter 

2.1.1 ~1'lJ'Vll.:JtllLoUl tl'l~flfl'U~'"W R"'B-:J-ffntll LLm~fllRl'l1'utll (Intake) 1~LLn ~'lJLLm~ 
II II 

fllLL'W.:J ~~LLfl'l.:J (Trashrack) Lb"'~'IJ'l~~n'lJ'Ill (Bulkhead Gate) 
'II 

R6'leNofffl'lJl 

L ~fl'lJLblJfld.:Jfl~lJul'll ..ij.:J'VIi~b"iltJ.:J b VllJ 
' 
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tl~~l>l 1 
" ~~vuM1~11 :ii'.:Jvt1~~1tl1-:J 

.., 
2.1 .2 

I I 0 Q 0 

611t!'Vlvm~~tJ.:Jt!1 

dil I Q.J Q.l A 

~'llvt!~~n.:Jm~"J1t! "J.:Jvt1~W'l"111'tp 

2.1.3 ~1t!fiTUfi1J tl~~f1v'U~'dtJ eJ1fl11flvt!n~~>~ vtlmru~fl~eJ.:Jfl~ eJtlmru1~ ·yh Guard 
' ' ' 

Gate Operating Gate bb~~61~'V'l1t! (Access Bridge) 
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"" en rn ') fl f1 'I.Jn ') \91 

b~f1'Ubbfl1umJu1')-:Jbb~'U ~-:Jvrr~vhmJ1~n 
' ' 

f1tlmrubfl~f1-:Jn~ bb~~f1tlmru1 'Y'Ivh 
' ' 

f1tlmrubfl~f1-:Jfl~ u,~~f1tlmru1 'Y'Ivh ' . 
d ~ QJ Q.l 

b "Dfl'Um flfl'VIl.l1 ';ij-:J'VI1 ~')~ t:Jm b ~fl'Ubb,Jr~61l.J'tnru'll~ ~-!I'VIl~b 'lit:J-!!1 'VI,J 
\1 

Guard and Operating Gates Guard and Operating Gates 
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Guard and Operating Gates 

Guard and Operating Valves 

b~el'Ubb1J':ile:Jn'VIfl1~ ~'lVIl~b~tN 1 V11J 

~~'W1'W (Access Bridge) 

b~el'Ubb1Je:Je:J'U -:ij'~VIl~b~tJ'l1VI1J 
... 

2.1.4 ci1'WV11-:JU1e:Je:Jn 

48 

Operating Gate 
"" 0 1 v v b"1Je:J'W':il1 Vl1 -:u~VI1~~'l"1lm 

Guard and Operating Valves 

~~'W1'W (Access Bridge) 

b~e:J'WU1bb~~ -:ij~VIl~b'W"IJ1'U1W 
\1 



" " 
2.1.6 ~'l'Uf1~€J~';i~U1EJ'l.ll/f1~€J~~~ti1 

" 3.1 ~1'UVI1~ti1Li1 

49 

~'l'W61611CJ'W~~nu 

L~eJ'ULLl.JL~tJ~~~'U1 ~~'VIll'l~Tlh~ 



~~(;l~fl1~b~-:J 

b ~eJ'W~blif11·:lel\>llJ5111 ..ij\l'Vll\>lb~tJ'Il 'Vlli 
' 

~~~1'U l\91-:JtJfl 

b ~eJ'W-tl1G1fl"lJ(;l~'Vl~ ..ij\l'Vll\>l(;l~tJ~ 
' 

tJ1'U1~tJ1tJ ( 11l.leJtlm 
' 

L:UeJ'ULLlirl'l~lJtJ1tU"lf{;l ..ij.:J'Vll\>lb~tJ'Il 'VllJ 
" 

50 

~~'Vl1'U l\91\ltJfl 

L~eJ'UM'"meJ'Vll.l1 ..ij.:J'Vli'l'l~TU1\l 

Gd 
tJ1'W1~tJ1tJ (Y.ll.leJtlmrueJ'U) 

' d 0 Q./ cv ~ 
b"lJeJ'Um~~l"lm ~\l'Vl11'l'Um11"l!~m 



rl1iJ'U1iJ bb~~?f~.:j 

b~eJiJ~'mW :ij'.:JVI')(;l~TtJ1.:J 

';i1.:Jb'Yl (Chute) 

51 

"' n1iJ'U1iJ 

b~eJiJ"lliJ~1iJ'Ll'nnT:i"l!~ :ij'.:Jvti'(;liJft';iiJ1c.Jn 
' 

~1-'ll'Vl (Chute) 



" 
3.5 ~1'Uf'l~eJ-:J';i:;U1tJU1 

f'l~tJ-:J';i:;UltJ'Ul f'laeJ-:J~'U 

t~eJ'Utbf'l1UeJtJU1l:!bb~'U ~-:JVI1~vh;~1an 

W'{ 

.-
l'U';iCltJ'U\>1 

t ~v'Utl1G1'n'l!a~'VI~ ~-:JVIi'~a'V'lu~ • 

.!i .";1 "') 0 'V'l'U (';i'dl.Jn'UI'!:;b"ll bb~:;tllbb'YN 

b ~eJ'Ua1\J11 ~-:JVIl~lll'W~'U~ 

.. 
f'l f'laB-:Jf'lB'Ufl';i\>1 

b ~eJ'UVI'UeJ-:JUalb VIa ~-:JVIl~';ittJeJ\1 

YJJJ1W '11!PJ PJJ7JJ'V!JJ7V Ufi::-dv rf1YJ'!Ji91 L U n7'i~ 'i'J'ilff!J1WeJO:JI"J'l.h:: n eJ'IJ L r/JJ L~JJ 

- \11'U~'Ub ~v'U l.Jv-:J~';j:;tJ:;m1l.J?I-:Jo;u1nG1''Ut ~eJ'U:fi'U hJ1~tn'U 2 bl.J\>I';j ';j'"Jl.Jn-:Jm';im-:Jo;u?l.fll'V'l';itltJ~tl 
~ ~ 

' "' d "' d "' d ';i:;VI11\I?I'Ub"lleJ'Utt~:;~n'UtJ'Ub "lltl'U ~-:J.fll'Vl'VI 46 ... 
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~1\JL~el'U th~m:n.J~1tJ Toe Drain, Rockflll Toe, Contact Drain, Open Drain LLi.'l~ Gutter 

( 
"" ov 1 ..,.,.,J 

11tJi.'l~LtltJ~fl11il~fl113J~ tJ'Vl1'1Jtl'Vl 1.1.3) , 
fli.'lv-:Jiml1 !Jl13J'Vl"' f1'1Jtl-:J f111tltlf1LL'U'ULL~1 L~tltJ/eh~Lfl'UJ1~tl~ijfli.'ltJ~iml1 LL~1 tJ'U1~flf~ 

f11i.'lL 1mr.hu 1 tJ 'Vh 1 m~£113J11t13Jtl~L~tJfli.'ltJ~inJ11~ 1 tif111\Jl111il£1fi1Yi mru~J1LL'tX~IiltJL ~Utl1fl11-ruJ1 
1 'tX1>1111il£1.fl1'Vi'U~ L 1UJ~TUvt'!J' 1'1Jtl~ tl1fl11-ruJ1Vl~tl~lil1f1 LL 'U'U , 

tJ1~~>~~uJ1 (Bulkhead Gate) tl1~~>~~uJ11il~hl1~~~vr~Hnumfl11-ruJ1 LL~Iil~t1mnu111u1u , , , 
mfl11vt~t~1 1~LnuLLun~h-:Jvt1n U1~1'l~uJ1Yi11il1mvt~nvt~tJ1lJ , 

'U1tJ1~'U1tJ U1~f1tl'U~1tJ ~l'U1tJ LLi.'l~tl1tJU1tJ tJtJm'VlUtllil1f1~tJ 1m tl'Wiil11UJ11 tJ~ltJ'lltl-:JtJUmw 
"" Lfl1tl-:Jf1i.'l 

1~Uu-rm~1fll1lJUi.'ltJ~ntJ~1tJ 1 vtqjlil~ij~~~i1tJ LLi.'l~~-:Jl1'1Jtl-:J L ~tlti 

• 

1 0 d d II ~ ~ I Q.l ~0 I 4 d 0 ,d. .d 
tJ f111f11VltJ~£1.fl1'Vi L 'lltltJ'Vllil~l>ltl~l>l111iltJtJ 'lltitl tJf1'Utl-:Jfl u1~ f1tl'UL 'lltlti'Vllil~'Vl1f1 111>1111il£1.fl1'Vi tJ~ L 'lJ tlti , 

i1t~-:Jr!tJ 1~ n t1 U~l.J1n ~uit~u i11£1~~1 i£1~1~ L~tl tJlJ1 L vh 1 vt~ £1.fl1'Vi ~lil~~ v-:JYi1 f1111>1111il~~l.J1n;u • 
1~u~11 uLL~1 £1.fl1'Vivn .m um11'1111il£1.fl1'Vi~'U u1~ nvu~1u 21 £1.fl1'Vi 1 vtt1i 1 ~~ 1 'U'U1-:!£1.fl1'Vi~'U i1~.n1'Vi 
VvtJ'l LLU~vt~n1tJBn f1111>11llil£1.fl1'V'H~tl'ULLi.'l~tl1fl11th~neJ'UL~Bu ~-:J~ltJ~Ltlu~u fleJ'Un~~>~ LLI.'l~L'VI~n 
1 t 1 I V .,j 1 0 I 1 I ~ iJ~ 1• l1 !V.,j "" .!i I tJ'U1-:J£1f11'VitJtJ L11tl11illil~ lJLfltJ'Vi'Uf1'UL'lltltJ tiu1~L'Vlfll 'VltJ LLI>ltl11ill.Jbtlf11£1L 'U u ~'Vllil~Lf1~'1JtJ L'tltJ f111 

'Ull.J~1 LUu~u v~r!tJ1~ nv'ULL~i.'l~tJ~rJU1~ntJUiil~i1~.fl1'Vi~~tJ-:JYi1m1~>~1llilLL~>~n~1~ nuvtJ n 1 tJ L'li'U ~'U 
.,j "" dv o t iJ~ v 

L'lltlti l.J£1fi1'Vi'Vll>ltl-:J'Vl1f1111>11llil 8 £1.f11'Vi lil1f1'Vl-:J'Vll.J!Jl 21 £1.fl1'Vi L tJI>ltJ 

1 tJ~1tJ'lJ€l~ Lf1 ru'ti" m~ L 'tXfl~ LL tJtJL UtJ~1tJ~6'11~'1J 1 tJf111fhvttJ~~~ ~'Ufl~ LL titi'lltl-:!£1f11'Vi"l11>1 ~ -:J 1>11l.J£1f11Vi 

~Lfl~;'Uiil~~ LLi.'l~rh~"ll'il£1fi1'Vi'lltl-:J£1.fl1'Vi~'U 'l L ~tJYi1f111'lfvlJLL'illJ Vl~vtJ-rutJ~-:1 1 'tX61.f11'Vi~;tJ LLi.'l~~1lJ11t1 
Yi1~1'U1~1'113Jll'lt1U1~£1-:Jrl fl~LLtitivl'l'tXIil~1'tXfl~LLtitJvr-:~LL~ 1 5-:~ 5L~tJm11'tXfl~LL'U'U1~~'U 1 ~v11£1.fl1'ViLL~ • 
~£1~ liltJ5-:!fl~LLtitJ1~~'U 5 ~v11L~tl'UtltJ"l.tJ£1.fl1'ViUn~ 1 ti1J1-:!flf-:~ f111rl1vttJm~~'Ufl~LLtitJ~Iil~1 muu1~ . , 
am'Vi hl~1Ltlti~tl~ij~~~'Ufl~LL'U'Ufl1'U~~ 5 1~~u ~-:~.n;'UtJVtl'Ufn13J1'ULL1~~1il~~-:~~.maum1tJ~tlL~tltJ 51 , . 
1u'U1-:J£1f11'VitJtJlJ1'tXi11~~Ufl~LLtJtJ5-:J1~~'U 1 LL~l L~tlti~tJ 'l tl11illil~Lfl~f111~~1 ULL~1 11tJi.'l~LBtJ~~.fl1'Vi~ 

... 
Sl 0 dQ/Cii 

l'ltl~'Vl1f1111'1111il lJ~-:!tJ 
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3.3.1 f11tit.nl.l£'1.n1'W 

f'11UCJ1lJ£'1.fl1'W 1~u5'U1tJf1~f'l11lJ'I-1lJ1tl £'11L 'l-111lLL~~~~~I\l~LnV1~U 'W~UlJ~~.fl1'WU'j~ nU'UU~1~ • 
R~TJ I ~'l!11 u1 i£'11lJ1'j(1U1\111'j1.:Jvtl~L\1l~tllJ 1 il ~d 1 UU'j~neJ'Un11L=iltl'IJ11tl.:l1'tm~m1\1l111\l£'1.fl1'Wb~eJU 
eJ~1.:!R~11") L~eJU1L£'1UeJ~'IJ.:J~'U'IJqJ"!11~eJ1u 111111.:1~ 3 Lb£'1V1.:!£'1.fl1'Wm-b'l:um1111111\l£'1.fl1'WeJ.:!rlU':i:meJ'Ub~eJ'IJ 

... I " .. ... .... 0 

n11flVlb'l!1~ m1Lnl'l1eJ.:J'W1 n11LR~eJ'IJ\1ll 

" " ... 
':ieJEJLL\1ln':i1l\1l1lJ"Ul1.:1 ':ieJEJLL\1ln':i11\1l1lJtl1l n11Vl':il'l\1l1 

' 

"' " ... 0 

n1':i'UllJ\1ll m1Lu~tJ'W':iU fl111~'U1tllJ1 
" 

d .v 
n11 L~el'IJ 1t1~ n11'i!lJ n11':il 

.. "' n11L£'1ell.J£'1.fl1'W m 1lJVl'W m 'W ':ieJEJLL\1ln':i11 

11'W1.:1 
" 

~'IJ 1~/1'llYi'll £'1.fl1'Wn111i.:~1'1J 

.... ... ... 
0 

':i~uu-rn~1m1lJU~eJI'l.ti'tJ £'1.:1 fll'l"U11-:!Vl1.:J'IJ1 
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flll1W 

3. f11'lbFl~El't.J~1 (Movement) 

fii112J'VI1J1tJ a1L'VI'J ~~ 

n:'l~EJ,:jrltJ'l::fleJ'UEJ1F11'lFleJ'Ufl~\Jl'UeJ'U I Lnl'l~1flbb'j,:J~'U~'U J1 bb'l,:Jfl'l::l'i1~1fll.J'1~~ I Yh 1\1 Lnl'lfl1'l LFl~El'U~1'tJEJ,:JEJ1F11'l 1 tJ 

'VI~eJL~El'UEJElfl~1fliJi1Lb '1•1'\l~L~l.J fl1'lCicil.J'tJeJ,:J 1 'VIci Ltn Lb~:: LL~'U~'U hn Ln'Ufl-:11~ ~1fl1Ji1LL'VIU,:JL~l.J 
nTVI'UI'l11 fl1'lLFl~El'U~1~1l.J1'lCIIJl'l1~~eJ'U 1ml'lf.J 

b tJ~f.J'U L Vlf.J'U n'U'U~ L1CU~1,:J Lfi f.J,:J 

'j .. EJf.J bbf.Jfl'U'U~'Ub~eJ'UL 'Ubb'U1b vriiml1-, Ln 1'1 ~ 1 f) f) 1'l~ b~El'U'VI~eJ !1'U~ 1 nii f) 1 'j I ~11 \1 L n 1'1 'j ~ f.J bb\Jlfl 'U 'U ~'U b ~ El u1 'U 

vhmi1 bbf.Jfl~1eJEJfl~1fln'U911l.JbL'U1~'U~fl~1,:JL1iEJ't.J bL'U1~,:Jil1fltl'U~1L~eJ'U (Transverse Crack) 

fl1'l Lf'l~ El'U~1bb 'U'U.n~:: L tJtJ tl'U \Jl'l1 f.Jl.J1 fl fl-:11 

'lElf.J Lbf.J fl~ Lnl'l\Jl1l.JF111l.J f.J11'U'U~'UL ~eJ'U 'leJf.JLb\Jlfl~11911l.Jf.J11Lnl'l1~~1 fl'VI(;nf.J~1 L '\11\Jl 
' 

L-d'U fl1'lL~EJ'U1CI~ (Sliding) 'UeJ,:J~1V1L~El'U fl1'l 
... ... 

bFl~eJ'U\Jl1'tJEJ,:J!1'U'l1fl 

56 

fl1'lLf'I~El'U~1\Jl1l.J'tl11,:J LL~::~:: L tl'Utl'U\Jl'l1f.J 

eJ Ei1,:J2J1 n Ld El Lnl'l;1u 1 u'U~b 1ru~ L tlu~eJ,:Jtl1 
L~ l.J'\11~ EJ ~1'1~~ n ~~l'l'tJeJ,:J L~eJ u (Deep 

Section) 

~11\1Lnl'l'lElf.JLb\Jlfl\Jl1l.Jf.l11 

(Longitudinal Crack) 1u"'n~ru::'!J'U1'Un'U 

LL'U1~'Ub~El'U 
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flll1~ 

16. 'jLWS~ (Hole) 
" 

f'l11li\UJ1!J 

n1'jLnV1L tJ'UVI'jlJ~fl~-1 lt)\11fl~'J'lJeJ~1~~ 

lJ 1 n 1 ~ EJ ~ ti' u Vl'jlJ i1 '!l'U1 V1 R 1 1lJ n i'1 ~ 
lJ1nn11thnVI'j:W 

' ' 
Yl-u~u~uVii1e:J1~~ue.~11 Viihh~u 

a ~... All ,u ... 
LL'lJ~LL'j~ LL\Jlflfl~fl1'U~1'lJ1 lJ'j1flVIe.J~~flLL~~ 

LLNn11~ L'liu f)'j~nu ~ucrn i'1 1Xu1Yl~ 
" •I ~ lJ~'lJ1:W fl1lJ 'll "tlVI'j1 'j'Jl.Jfi.:J lJ:::~~fle:J 

1lJe.J11tJ eJ fl~ V1rY1 LL~fl L Yi'j1~ij'j1 flVI~~~ fl 
~.:Je:J1 \I \I~ L tJ'UeJ'IJ\Jl'j1EJ~eJ~'JL ~e:J'l.l 

1lJ~lJ 1~~l.Jtlfl ~ij~11X'U~e:J'l.l L'!i'U W 
~lJ L'liu ~e:Jn{n ~1tJL~-a VlrY1R1 ~Xunn 

~oJ')1;; 

fl1LVI'j Nfl 

LnV1\11flVI~1e.J~1LVI~ L'!i'l.l c;'IJ11~~1{.:J ~'U~ ~11~LnmLYi1.:J vr1mLYi1~'1fu~n1oJ 
" " i1m'jfll:::\11EJ~'J (Dispersive Soil) Vl~e:Jfl11~e:Je.J I Vl1~~1'l.!LVIUe:Jtl1m\1~1L\1LnV1 Piping ;u1~ 

~mEJ'!le:J~'j1fl~u1~ .,~., tJ~L'JruL~e:J'U ~um.J•th:~ 
fi1LLYi.:J 

LnVl\11 nu11lJ'Il1 ~ vr~mnV1\11 nlJ"4'1jer 

LnV1\11flli'j'jlJ'Il1~ vr~mnV1\11fllJ"4'1jer 

60 

~11\1nV1'!J11~ 1l.i~1m1m'li11oJm1\l 

~D1YiL~e:J'l.!LL~~e:J1fl1'jD'j~fl'EltJ1~e:J~1.:J 
.. " 1"~..::.. ~ ... 1" ~~Le:Je.JV1 \Jl'l.l lJVILflVl'lJ'U Vf1f)'j1fl'lle:J~\Jl'U lJ 

LL~~\Jl1e.J\l:::L tJ'l.l~1 L VI\Jl~1L \1 LnV1VI1~ L~tJ'!Je:J.:J 
' 

tl1~1'l.l~'J L~e:J'U vh1 ~ Ln V1 fl1'j n V1 L'll1~ 
ma1u1~ 

~1t\1nV1m1~ 1l.i~1lJ1'jm'li11oJill1'J\l 

~D1Yi~e:J'ULL~~eJ1fl11oJ'j~fle:JtJ1~e:J~1~ 
~~L~l!Vl 



fii11'Yi 

18. ~m~fl1';iLi.:J1'1.1 

fii11'-I\UJ1fl 

Y111lJ~~m.J fl1';j 1i.:J1'l.l'tJB.:J';i~'\.J'I..I 1 vHh 

Lrl~B.:lm'l LL~~'\.J1'U';i~'\.J1eJ~1lJ1';iClvi1-:J1'U 11'1 

\Jl1l.ltln~ 

rn1~n'tJe1~ -r'!J-w'(j ~,:j w 111'1.1 1~ nB'l.li;'U 

'1~'1 tJ~~'U'V11-3L~'Utl1 

f111iiL~~B.:lijB ~tlmru G'i1'VI-r'\.JY11'\.JfllJ 

fn';i L oU1-B B f1'\.J'U~'U L ~B'ULL~ ~Vl1-3 LoU 1m Y11 ';i 

~~1lJ11Cl1 ~m';i 11'1B~1-:JntJ';j~~Vl5m~ 

fl1L'VI~ 

G'1fl1~ f)1';iLi.:J1'U~hJ~~BlJ Ln\11 ~1 nr~ 11lJ 

unvdB.:J'tJB.:J~tlmru~1-:J ~ 'tJ1~nTiU1~-:J-rm::~1 

LL~~Lf1V1~1f1f11';i 1lJ L 'IJ.:J1'UL tl'UL 1~1'1.11'1.1 

Lf1~~1f1lJ'4~6 li';i';ilJ'!J1~ LL(}~'tJ1Vlf11';i 

u1~-:J-rm~1 

';i~'I.Ju-rm~1R11lJU~'€l~Jl tJ~U n~1B.:J Ln~ 
~1f1f1Tittl1~~ 'tJ1~f11';iU1~-:J-rm::t1 fl1';i'VlUvi1~1tJ 

'tJB.:llJ'4~6 
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~H'l 

vi1L~';i~Uu1'1'lvh LR~B,:jf1~ LL~~U1'U 
';i~U1tJ~1,:j ~ 1~G'11lJ1';iClvi1.:J1'U 11'1 

'VI1f1ijlJ1f1 B1~vi1L~1~~uJ1'VI'iJ1L~B'l.l 
L~lJ~'U LL~~L'l.I'I.J1,:jflf,:j n1~,:jfiVJ'tJ11,:jVmtl1 
1 U'tJ11,:jVJ1,:jtl1'U~L 1nJB1rl1';iV11,:j';i~'I.J1 eJtl1 

"''1.1 vi1t ~f11';j';j~tJ1E.Jtl1 'W~~mn'VI~e:Jmru~ 
LiJ'l.IU1'l.ltl1~\Jl m~vi1L~'I..I1'l.ltl';i~\Jl~~'li'~ 1l.l 

~ ~ 

~1l.mmtJVJ-tJVJ11'1 

el1 ~vi1L ~Ln~ R11l.J L~ tJ'VI1tJ'!JB ,:j~'l.l 

L~'€l'U LL~~'€l1R11U1~f1B'U ~Lnl11~1f1f111 
~'lJ~';i VJ'I..Ivi1~1tJ 'VI~mi'n'!J LlJtJ 



"' 1 
~\J 

tl~b'111~b~tJVI1tJ > 50o/o 

tl~b'111~b~tJVI1tJ < 50o/o 

hlbn~m~n~b'111~ 

"" 2 fltl\Jf1191 
... 0 "' A' "' 
n~mB\JbVI\Jb\Je:JbVI~n 

Ln~m~n~n~e:Ju 

1lJLn~m~n~n~Bu 

"' 3 
LVI~n 

Ln~~ulJn~n~e:Jut1-:J Lc0e:J 1 u 
~ Qo d.c~~t. Q 

Ln~~\Jll'Vlmm~n 

1lJLn~~Ull 

1uB.:Jri'th~nm.JLb~~~e:J.:Jfh.J~~nm.J,!u ~1bU\J~B.:Jb~e:Jn~.f11'V'l"UB-:Jfl1'jtl~b'111~1~LVIll1~~llnu 
B-:JrlU~~nBU,fti'l L'l.iti e:J.:JrlU~~nBU~bU\Jb'VIan lil~1im~n~b'111~ (m~n~n~e:Jti) ~ii~lb~"llbU\J 3 ~.:J1tibbUU 
~1tln1~n1~9l~llil~f11'V'l1~61~lb~"ll 1it ~ b ~ e:J~1tJ 1 \Jn1~b~e:Jn~.f11'V'lbb~~fl1e:J~U1tJ"UB-:Je:J.:JrlU'j~nBUll11 off 

B-:JrlU~~ne:JUb~Bti~~e:J.:Jb~e:Jnm~n~b'111~~bU\J~\J 1~Lbn fi~B.:J~nJ1 rl1bblN (~unll'li'1 -:J 
tl1bb'V'l.:J) bb~~fl~e:J.:JG1-:JJ1/~~U1tJJ1 (~~tJ~~fi"il1'H\.111lJLn\J 10 L119l'a "il1ntl1fl1'a~~1tJ'V'l"'.:J.:J1\J) 
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.J d .., 
m~Yl 51 nT'iLA"eJU\111 

4) 'j"eJCJLbl'ln~111111lJ"Il'l1~ (Transverse Crack) 1mum'j"\1l'j"'l~"'.n1~il'ub~el'U 
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.,j " D1'WYJ 52 'ifltlbL\9ln'j1"JI'l11J"IJ11.:J 

5) 'ifltJLL\9ln~11\9111ltn1 (Longitudinal Crack) 1~l:um':i\9l':iTili:IDTVf~'-l.tL~fl'I.J 

n1':i\9l':i1\ll:lm'WLLti.:JeJeJmtlu 4 'i~~tJ Afl 
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6) m~'Vl11'l~l (Settlement) 1-tllum~~~l\IG'l.fnYl~'Wb~eru ml'lb~B'W l1'Wb~B'W e11r11~ 
g., "' Ill !.1 

r1aun~~ l1u r1'1bbYl.:J r1G'lv.:Jci.:J'l11/~~u1t!'t.,h ci1umur111'111 bbG'l~G'l~Yl1'W 
' 

~~~'U 3 'Vl~\Pl~lel~~~VrJ1.:J 2-5 tr611 . 
' 'IJ 

~~~u 4 'Vl~\Pl~1uamri1 2 tr611 . 
' 
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.J <V.J~, ... 
i11Vi'Vl 55 nT~'Vl1~\111'VIL uUflel'tJn1~ , 

7) mi'Ul:W~l (Heave) 1mum1~11~£1myj~'UeJ1fl11 

.J "' fl1l"lYI 56 n11\Jl:W~l 

8) m1L'\J~tJu~'\J (Deformation) 1mum1~11~£'1myj~~LLm"'nu£'11~ LLi;I~L£'11eJ1fl11 

n11~11~£'1i11yjLLD"'elelnLtl'U 2 1~~\J ~el 

l>e£onnotiou, nun 

10 ! ~ 20 

9) m11~u1mh (Drainage) 1mum1ml~£'1fl1yj~1'UL~eJ'U 61l'U'Vl1"1J1eJeJn/~1L~tJ"~J1 LLl;l:: 

~l'U£'1l;l1tJyj"'._'j ·.:J1'U 

67 



1~1~U1~B~~~1~~1~11~ 
' 1~U1Vll11~~~~~L<fi~ 
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@~ n.~:::~ £ ftQ1lJ@@!:-fb11MLLf!J~t~~~LU 

n,~ (rtB~mLK) L,tt~Ln.:::~t-L~ ~11~t .. ~~UJ1&fJ, ftQ1~~L~L@ri.~Eot (a8e>jeal) t}~LU n 1 

rtRs~LUMLlJIJL!'U~L~M~LU 09 llbMLlJ ~ ~ F 

tiMII 001 

I:-M11LU 0 

09 llbMLlJI:-1!\ ft@IMl!\L~t-@fl.t-L~ftt!JruU~n.rtRs:::~ rtRs~Lu:::ru~u~:::~11 Ill$ f' l'b f"' I I b/P p fb p 

• ~w~n.~ruu&n.L~t:-l!l!J11 u~:-~l!lB~~n~L,I} rtt B~lt\,Ut-~1!\B~~n~L~ n~rut 1&n.n~~ll.~ll.,t-uL~~u,~:-~~t rtt B~ltl, 

rt~~LU~L~~U1t-~~LU£~ ~~m 0£ L~U~@_tbtL~I:-LllbrtQm~~LUl!lk!1 1:-l2~Lf'tltl, %0£ L~U~@_tbtL~rtLt~rtQm~ 

.!;.Ll.Jl!lk!1LJ} rt~:::~:::L~M.1 09 ~M.LlJJ.:'!I:-~ 1~m 001 l.uiAM.LlJIJ~t.!;.~~LUL!A~t ft~f1,(~~1l!\L~M.LlJIJ~t~~~LUrtt 

fl.B~ 1l!\L~Lru1L~~LJ} rtp. 1 r\.@ U :::~fl.~t-@rtL ~tL~rtLt~ftQ 1 L!'U~L~~:::~:::m1 L,ttt:-~/L,tt~Ln.nt-B~~ ftB~ 11!\L~ 

rtp. 1 ft~Lyt m~rtQ 1 ~r\.@U :::1fl.~l:-@r\.klti,L~M.LlJIJ~U ~:;:~ fl.~r\.@U :::~fl.~ t-BI:-@fl.rt~~LU ML\J!J 

rtRs~LU 6S' llbMLlJ IP F 

rt~~LUl!lk!1ftt ~ n.~:::~ % 0£ L~U~@_tbtWrtLt~rtQm~~LUl!lk!1 17 n.~:::1 



.J .v 
f)TWVI 61 fl1111 

12) fl11L~BtJLt'lfi (Sliding) 1mtJfl11"~1"1:U?I.fl1'V'lfi 'WlL~B'\.J ~1'\.J~'\.JL~B'\.J ~1'\.JL~B'\.J flfiv.:J£'1'l,j'1/ 

.J d 1 ili'VlYI 62 fn'HfieltJ tlG'l 

13) fl11L~B:IJ?I.fl1'V'l (Deterioration) 1murn1m1:U?I.fl1'V'l~1tJ~tJL~eJtJ ;J1tJL~eJtJ flfiv'l-B'n,J1 .... "" 

th~~~u,J1 flflv.:J£'1-:J,J1/1~'U1tJ,J1 a'llmru1 vlvh LLfl~a'llmruLfl~mnfl 
~ . . 

1~~'U 1 Ln~rn1L~B:IJ?I.fl1'V'l1off.nu1~1~ 
1~~'U 3 Lfl~fl11L~B~?Iil1'V'l1.ff.:J1tJ1~ 
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.,j d 
DJ'YfVl 63 n1'H6'lelll6'lD1'W 

t91'1 B ~Vln TH~Bll ?lD 1'W'lltl -ll?l~UB -l ti\.1~ 1 ~~-l D1'W~ 64 ~'U~-l'U1 b 1 ru ~1 ~ b ~B'U~iJ 
~ 

flru?lulJ&ihJbV1ll1~6'lll1'Wrn~1iu-eNn'Wm~b~B'W ~-lbbtJtJ'IJ''UVinm11'111:U?lm'WvTim'Wu:u:u'IJ''Wti'-lhJ1~Vi:u11W1 
' ' 

1 
d d 1 ~.I d "" 1;' v 1;' '.., "" " 1 !!/ 

'Ub 1B-ln11b6'lelll6'lD1'W 'Uel-lfl u1~nvtJm~b "lffi'Ub VI'U el'U1bb~~'Vl1 tJ'U 1 bbl'l~n~W~"Uel\IVI'U ~-l D1'Yl6'l1ll1'H1 "lh 'U 

n1)1'1 11 :U6'lD1'W fl~B-l Gi\ltl 1/1~tJ 1 tJtl 1~ b U'U~'U b~tJ\IVI~el~'U~-l1~ 
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d 
DJ'WVl 65 fi1J11Vl'UV1TU 

d il 

DJ'WVl 66 'HltlbL\9lf1'J'Jl 
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17) l'i'uhJ/l"llii"ll (Tree/Weed) 
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.o=m~ 68 ~m'W~'U 1ll' 

~'U 1ll'~~'UeJEhJ~L1UJ;i1'UV'U L~~~11UJ1~'U 1ll~lJf111lJ~-:!~1n':i~~'U~'UL~eJ'U1lJLn'U 2 LlJ\Jl) 
~ ~ ~ 

L~el.:!~lfl~'U 1ll'~mJLfi'U 2 LlJ\Jl) ~~ 1lJ~.:Je.J~fl1~'Vl'U~eJI'i'1L~eJ'U L 'U~1'Uf111lJL~tJVI1tJ 
'U 

.,j II 1"' "" QJ .,j .oi'W'Vl 69 ~.Ol'W\Jl'U lJ'U)L'JUJ;il'UtJ'UL 'llel'U 
"' 
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' 
DTI"lVl 70 G'lfl1Yll"l!Vhl 

18) ?lmYlrn11-tl'-nu (Workability) 1m'Wrn1~11~?lmYl~tlmruLR~mm~ ~tlmru1vlvh LL~~ Gate 

fl11~11~?lD1YlLL'I.i'leJeJmtJ'U 2 1~#\'U ~eJ 

19) ~'ln(;)'V11.:J'Vl1'lJ11m'Wrn1~11~?lmYlmFl11-r'UJ1 ~~LLm.:~n'U?l1~ vimhLatJ'lJ1 vt'U'IJeJ.:~ 
II II iJ II iJ 

I 0 1.1 t 0 .c::i 0 I V I 0 0 l 0 

?l1'U'Vl1'l'U1 L 'V1 ?l1'U~1L~t.J'l'U1/?l1'U ?1~1 t.JYl ~.:J'l1'U Fl~eJ'l?l'l'U1/1~'U1 t.J'U1 LL~~ ?l1'UF11'UFl1J'U1'VeJ'leJ1Fl11 • ... 
0 "' 

'l~'U1EJ'U1~'U 
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' ' " q ~ ~ 0 tnrm 72 ~~fWl"1111~'Vl1~'W1 

20) 1~'U'Urm;1fl11lJU(;le:J~ntJ (Security System) 1m 'IJfl11~11~~.flTVHl11~1T'il1'U'IJ"''IJb~eJ'IJ 

n11e:J1~11~1'U~l-1~1~1 

fl11~11~~.fl1'WbbU~e:Je:Jmtl'IJ 3 1~~'U f1e:J 

- . ~~:--

1~~'U 1 hlih~'U'Urm;11"111lJ'\J(;le:J~.n'tJ 1~~'U 2 ih~'U'Urmnm1l-ltl~e:J~ntJ bb~1irn1bJ1~ 

1~~'U s ih~'U'Urm;1~11l-l'll~e:J~.n'tJ 1 im11~ 

..t ov • I .., 
.fl1'W'Vl 73 1~'U'U1n'l!nfl11l-l u~eJ~.fltJ 

3.4 ~flri1uuuuunnnTiVI1'Jv61n'lwtTiau 

1'1Jn11eJeJ n~11~~.fl1'WL~e:J'IJ ~~~~1b tl'Ue:J~1~ ~~f1e:J LL 'U'UU'IJVinnT~m1~~.fl1'\l'l L tl'!Jm11~11tJn11~ 
'll1~ne:J'U~1tJe:J~~'ll1~ne:Jm~e:J'WLL~~~.n1'W ~~~1-t'e:1~ 2 bL~~ 3 ~1l-1Gi'1~'U bb'U'U11tJm1tTim'Wm1~11~ 

d ., ., ' ~ • I d ' "' ~I ' 1 1 '1 ., d ..t 
~.fl1'V'l b'We:J~e:J-:Jfl11~11 e:J-:J~u1~ne:J'Ub"1le:J'IJ~1-:!1l-l~.fl1'Wbu'IJe:JtJ1-:! 1 ~tJfl11b'VI~~bb'IJ'IJ~.fl1'W b'We:J'Vl~~ 
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LL 

~!JlW fl. t [b llXllJ~fl.,(bfl.f1.11T1r,\ 1 t:n.e<~ 1M.Ll!lll': U.llltLLJflLW~fl.,(bfl.fl. Tl fu~L~C<Eo t:T1l~T1 t LnJtLI':~~C<~ft\ ' ' II o II 

~ ~\fl.~ 1 ~@ rtll tL rtLil::m1 ~n.~n.e< lJ;: t[b'f ~ C<L !,1 fl.~ 1ft\ ~e<rt::~11~ftl»tLI.I LC< ~C<Il.fl.C< lJ ::t[b'f ~C< fl.l~fl. t L nJtLI': ~ 

tLLJ C<\i!flL~I!I~fl.f1.11tLLJflLt l..~L~tLI.ILC<NA11L);J::~11fl.C<~1T1QT1.L1\ ~'1'1~\ Llll.~~;:~11flL~~~ C<~ ~~ Z fl.r,\1 

tLI.ILC<~C<Il.fl.C<LJ ::t[bif~C< ~!' m_Q l,\l11LJt 11 C<EolXIT1 t::rJ::Uf' 11tLLJLJLI':C<t:l1. 1LJC<T1 fl._tLtLLJflLt~C<Il.fl.l~ i.l11.1flLrtl1. 
• 

::~11 M.Ll!lltLLJflLtn.l~ tLLJflLtn.l~ C<~ib~L~~fl.l~ £ f1r,\1LJC<C<~f'TI /tU,fi0]M.W!JI!:L!,h1flfl11 (Z 

" RLI!I;: t LJL ];111.~@/l.~L~fl.l~fl. t 1!1 M.L l!ll 

~C<Il.l!lfl@1;:~flLt fl.@/1, mLJi'::~11 Lfl.flLIA. Lfl.C<T111. me<ll. 11!1L~ fl.C<Il. 1fl.ll LJ111!l1 M.Ll!kll': ltllltLLJfl.' ;lfl ::t~f1.11 ~@ill ..,. fl"' ~ 11~11" f"" F'l"bl/51._ 1.. I II 

~fl.C<LJ::1[\if~B tlllrt1 OOT l..u\:.tt>UilltLLJ::fl;:U(bTitLLJLJ,A!(tt M.W!Jfrt!.h1UU::r>::U(l11flfl11 (1 

~~1'\.C<~VI.fl.C<,LJL];IVI.fb \I!IQ 1!(\t n.tt.lft\ M.Ll!llflLfl.~C<L)p~I':LC< I'I.LI!I::WL];111.~Ln.T1 t l~11,1-l rtLlt.lflLflll.flLfl.~C<Jllt~~ 

RL 1!1 ;:t lJ L ];111.~@/l.fl L .!(l.fl.l~fl. t rt ~1 rt~ 1 Wfl~1 ;:~flU~ll!.LrtLil::~TI L ];II1.T1C< !J l,\l'I1LrtlL~ lJ Jl'l»~~~l1. 1 ~~ LnJ tLI! ~ 

~e<~ftl n.,ttL~1t11~T1l~ l1lJfbM.Ll!ll~M.Ll!ll::~.•mn.t L.wtn.e<u::tfb!f~C<I':ltlllL~e<~" n.~::t~!*" ~~ 1 ~m~ 

T1T111::1.1~i ::l':n.e<~::t[bif~BLJt.t~Gil.M.Ll!lll':ltllltLLJtLLJflLtn.t 9L ;:~11 "L ~M.Ll!~~ rtlWi!il M.~l!lll!ltlll~ l.. fl.~ 
fl.@ lJ ::tfb\"~e<n._v fl.@~ 1T1QT1L1\ ;:~11 fl.@~ 1i!ILI,l fl.@~ m» !JTI)lll M.Ll!lll':ltllltLLJfl. t ::r<::t~fb TI~G~~fl.C<LJ::tfb\"~C< 

~Bil.fl.l~Cl\i! fl.l~ Z fl.IJ 1 LJBB~f' 11 fl.C<~1M.Ll!lll!l11ll1LLJLJ~T1,(bfl.f1.11T1 1 M.Ll!lll':ttWtLLJ1L UflL1 

[b \ @~ ~ Jt.l M.Ll!lll': lt lll1L lJ fl.kVI.L~~~ ~L !}flo t 

M.L l!ll I! lt W 1L U LJ.A~~fl.A-M.Ll!lll':l1Wrtl~~n._v \1tfl lj1)!> t ;:~11fl.L ~~~~~~L Jf1LU fl. 1;\ 1 M.Ll!lli':W<lrtl~LEo 1~B~flL1 

fl.fl.~(l,rlfl.' L fl.fl.l!l::t::~11fl.C< /1,1 ~Gil.U LJfl.U1 Lfl.fl.l!l ;:t fl.IM rtLfl.llfl.' M.Ll!lli!>ltWtLLJ fl.' fl.W ~C< fl. 1 ~C< ~L(l/1,' l' G M. 1 ,., h" I.~ n p ,., ,. ,; l"b 1 I. /, 11 ,f ,.,. "'"'/Vi~ p 

" fl.l!,l fl.tt.l~ t fl. C< ~ 1 ~ @/l,;:nJI'\,lJ ~ l!lfl ~1;: ~flL tlJ Btu~ C<~fl.IJ 1 L,\'M.Ll!lll':ltW~ ~J~,;;:~~11 M.Ll!lll':lt WtL lJ fl. t 

I> L lA. fl. fl. 11 tLillJ C< 1 ~I!! I!! rti'I.NA fl. B ll.M. Ll! Ill! lt ill t L lJ lJ lA T1.fl.fl.f1.11 ~ G /1, ~Lfl C< l W n.t VI.Lil l1i ..... ~ !""' p ..... ' ,., ,., " 

fl.@~ 1[\ ll~fl.f1.11 ~C<Il.fl.l~;:~11n.C<~ 11!1fl ~1 ;:~flLUC<Il.fl.l~ l<\i!fl.l~~C<Ilfl.r,\ 1 LJC<C<~f' Tl lJ[bL ];111.~1!lllTI j) L ~M.Ll! 

~~~Wkl11 fl.@~ 1M.Ll!lli!>ltWtLLJLJ::T1J:bfl.f1.11 fl.~Lf'\ mfl~[b 1fl.k[b~fl~ 1 l)i!11,1:T1l~T1 J.\-\M.Ll!ll ;:~11fl.C<LJ ::t[btLI.ILC< 

1!1 fl ~1 ;:~ fl Lt rtfl~W1Jl'\ fl.G~ 1 fl_v'l!l C<~[brtL W fl.l~~~ I. ~I. fl.Lfl.~n.mmr;: 1flLf':JlJLI': fl.,\lLrflLn.;:ttLI.ILC< fl.fl~[b 1 n.p, 1 

" . fl.C<LJ ::t[btLI.ILC< ;:~TII'\G~ 1~C<Il.fl.f1.11[btfl.fl~[b 1::~11 rt~ 1 ~t[bfl.k[btLLJ~lJLI':fl~1 LJC<fl. WC<~ W)ll\1'\L ~JH lltLrtLil 

W ~1 ~ kt.l ~fl ~ 1 LJ,AI'\C<(l: 1 M.Ll!lll': lt WtL lJ u::fl.J:bfl.fl. 'I'I\1LJ [bfll!ll L ~U ULrti'\C<)!ofl.Jl>ftLlt.l~ lJ ~1 I!IL 1'\/l,;: m1 n l,lU 

WLM~G~1L~lJLJLrtfl..@LJ;l1[bif~C<~ ::LM.tl1::nJRLJ~~fU11.ti!ILT1/l.I'\C<~1;:LtM.1 l~11,1-lLJfl11 T1.G~1 £Z fl.WL,\' fUV!.t 

1!1 L 1'\/l,fl. C< ~ 1 fl.kVI.L ~ fl.C< ~ 1 M.Ll! Ill': W1ltL lJ lJ ~fl.,(bfl.fl. 11 L);A.I!I~~ \ L .['1LI1.~fl. ;:~11 L fllA.~lJ IA.G lJ ,tiL~ fl. C< ~ 1fl_v'l!l C<~[b 
' ' II ~ 

rt L lt.il'\ lll 1'\LJ ~L illl! WTII'\ C< /1,1 M.Ll! Ill': ltW tLLJ U IAI'\fl.fl.fl. Tl LIAI!IM C< WIA ~Jl.tL lJ Lt[b 1'\L 1!11'\/l.fl. C< ll. 1::~11 fl @I'\ I l"b 1 F' P l"b 0 l"b llf" I F' II 

lt.111fl.C<~ 1 Lrti'I.Bt.ll~n.B~ 1 rt~l~fl.G~ 1 fl.~ 1Ufl 1'\,Vlfl~mp. 1)lll)l> lib \1'tC<~1M.Ll!lll!ltllltLUU::n.J:<n.f1.11L.['ll1LrtLil 
)ilVI. t 1'\l~L~fl.M. l~11n.C<Il.WtJfl.ki'\LIA.::t[b~Jl.rtW~!'JI1. t I!ILMfl.B~ 1 fl.C<LJ ;l1fb\"~GLRLJ~tL lJ l!LI': ~\!\JI1. t i!IL 1'\/1, 

~ ... . ,... ' 

fl. C< ~ 1 n._v )!> 1,\ll Ufl ::t[blltLrtLil [!, t LEo 1;:~11 l1l Lfl.LP,rtLlt.l~}l> J.i:C<~ J'l11 U ~1i!ILI'\/l,;l~11 ~L~Ui!ILI'\/1,1'\G~ 1 M.Ll!lli!> ltW 

tLLJ 1'\ l)l> lib\ L.['lltLrtLil ,1:1'\C<~ 1 M.Ll!lll': ltWtLULJ~I'\J:bfl.fl. 11 [b \ C<J'li'\C<~ 1M.Ll!llt:Jl.~Lf"L11.nJWL)ptLUI'\ 1}lo lib\ L.[' 
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)1\'\,¥ F l!lll11 LrtL .r.~ ~L rtLil ftl M.Ll!ll:; ~, 1113 lJ :;~fl.}'!~ 13 ::~ ,lj)11 ~Gil. L. n.~ l!llil ~, :;~ GILW} b1.L!l 

oo·1 9<; rtt!. 

wo z 0 z ~,\f~Bilfl.r!Lt~LRU,&f"bf"bO!. 8 

wo z z 0 Jl,M,Jl.t L ~ . 
wo c; 0 c; :nn!il 9 

8ro 0! 8 z ~!.M,l~ c; 

wo c; l 1> 1\LIA1\1ArtLt~ 1> 

oz·o !I 9 c; t,\<l~tlA!.LU £ 

8! 0 0! c; c; tWrtLWtL~UW~~B!. z 

oz·o !! 9 c; ~Ltll.rtLIJltL}Uill1mB!. l 

ill,!!Ljlr!L~IInn 11~11 r!~!. tliA::.tUl!!Hn.n. n::w iiK1L!mnn~w M,W~ IAf"b~L~ F' ,., 0 

• l!llliA.ULrtliiLb'tlilll1rtLUMl.UWUmUUBil.l!lU1:1l> rl.Bil.1rl.ll1Ut1~11 
F' "".-t~l" """'"" P""..,. 

lL~U~I!lM.LlJilfl.M.Brt1 LlrtLll,lfiiLrtb-1. %0Z 131,1 l!l~IA.ULrtLI,Irt:;t> llj)i!l~IA.~LU::~11~Llll.r!Lij)Uij)11GIB~I!lU1rl.Bil.1 
' ,.,. F' ' "" F '"" (b ""' p 

r1.k113~1 fu~LiJr!Lll,l)'lr1.~1}Bfl. 1 L~fl.M. rl.B~ 1nkl~Bil.M.LlJil~Bil.fu~LiJr!Lli,II1~L~rl.r1.11 :11,1~ L~LU~tj 

z 0 , z tl , , , ~l< 

0 0 0 0 0 0 0 0 
~)!~13~!1 

rtLl~LA,U}n.f1;;~ 

z 0 0 0 0 0 l l 11-~rt.,t. 

0 0 0 0 0 0 0 0 !Jl!'!i' 

9 0 0 z l l z z f:-!'.M.l~ 

l l 0 0 0 0 0 0 nu;.niA.rtLu~ 

9 l 0 0 z l l l L~~b.U.LU 

, 0 0 l 0 l z l tLI1rtLll1tL}Uli1T111G!'. 

9 0 0 z 0 l z l t-Ltrl.rtLI.Ot.L}Uitlm~cH. 

11,V~G~(I.rtU.\.l 
N.M.lt 

numiA. 
t~l§~IA.tLU 

tLI1rtLI!\ t'Ltll.rtLiil 
~l< Jl,~Jl.k !;ttn~ M.LLI~ 

Lf'l.Ukn.n.:::!'. rtLt~..j t.L}Ul!l,mB!'. tL}UI!\W;G!'. 



3.6 n11WIUIJ1fu1UMJJaTHi1JR1U'JntfhP1tfi1ttMW (CI Toolkit) 

n 1~ R1'U1Wf'h~'l!U<1f11VI'tl!l~t ~fl1.J~h~ 'l <l1t U'U4i' !l~m vl ~1.1.<1~ hh1.1.m:W'tl!l1~1'UI'111:WU<l!l 'llfl!J b ~ !l'U ~ ~ 
1ffi-tf~~tl~b1<11b 'Un1TI~'9li'U11fimJ 2 tJ 1'1ltJ!l1;itJm~~n!l'U~:W'tl!l~~1'UI'111:WU<l!l'llfi'!Jb~!l'U 1'WtJ 2553 nue:J 

" 
L •ihm~~ntJu~mLm'tl tlfuth ~ LL<~~ L ~m&i:w 1 ~<1:wu~ru~'U 1'1lu 1!iivhrm'VI'Il<1!l'UnuL ~!l'U'tl'U1'11 huu'~~ 23 

' " . 
t~!l'U u'iJ~'iJ'U 1!ii'~9li'U1LL uu'tJ'WVinm~lliHilMnr~L ~8'ULL<l~ 1tl'il.l.m:wfi1'W1 ru 111m 1!ilvhlll1'i1~1'11'U1rumh~ 
~ 1 u '1 1u 1 tl'i Lbn 'ill <11 tJ 'i\ll iilll (MS. Excel) ~ ~m-tivi'1'l tJ<11m'i otlfu ILn Vl1ml11 tl~ 9li'U 1.! !JL !il 1 'U'll '11 

" ' 
tl'i~n8U~1ti 

~4 d .. , •• ,. 
1) I.I.'U'U'U'U'VInm'i\ll'i1'i1<1f11VII'tl8'U 'l18 n<l Checklist CL v.4.00 

•• , ~4 d d1··'' 2) \II'U1umL'U'U'U'U'VIf1n1'i\ll'i1'il<1.fnVII'tl8'U 'll!l "<~ Cover 

3) 1thllf1'i:W<11U~Ill:tilll ~B1vl~ Used Weight v.4.00 1u'lvl<l'iinh~n!l'U~1tl sheet 1'11~'1 ~~,j' 
3.1) Conclusion 1 uuiilll-vi<1'itlrh~'l1U<1mr~'tlml~!l'U 

' 
3.2) Calculation IU'Uiilll-vi1m'Um~1'11'U1W<1.rnr~I~8'U 
3.3) Condition Weight IU'U:tilll-v11'11'W1WI'1~ II'U'UI'111:W<hll(\!'tl!l~<1.rnr~l'i1~ '1 l.l.tl~IU'UIII'i<~~ 

!l~rl'lh~f181Jb~8\J 
3.4) Component Weight IU'Wiilll-v11'111J1WI'1~11'U'UI'111:WI;hi'(\!'tl8~<m'itl'i~f1!l'UI~8'U LL'lh 

\ll1lJ~1~'U'tl!l~8~PitJ~~n8u 

3. 7 ,;''Jafi?4n11H1fhP1tf'i1amw n1riit#aufl'JRtJHJ11 9'4wim111i14 

L~!l1!ii'vhl'111lJL ih 1'il L~ !J1 fl'U'i1!J<l~ L~ tJ 'll'tl tl~ M11VI.vjW !l~\ll ~1'iJLL<l~ 1L 'U'U'UUVi n f11'i Ill ~1 'iiMl 1"1'1 L ~ !l\JLL.i'1 

'l11~<l'i11 n m~m1 'i1Ml1'Vl L~!l'Wm1ril'i1<~~ 1 'U 1 tl~ l.l.f1'i:W ~~1 'U ~1'U'tl8~ 1 tl~ ~tm:wtY'U LL t.i~li' n~ru~ m~ 1~fi1 
iJ~ 1 <:\1 I ..J I I ..J tfe.l 1 ~ d 

!l!lm 'U 2 <11'U 1'1!l <11'U'VII.I.'U~'i~U:: LL<l~<11'U'VI:W!l~!l1f'lu'i:t:n!l'U 'll!J'i1:W 1.1.<1'111'11~111"1'1'1'1 82 LL<l~ 83 

~1'ULL 'in nmL 'li~'i::m~ 1 'Uf11'illl'i1'il<1m'Vl ~~mr~-v1 82 1111'i1ffi~m1<1'l'WI'1!lli'w'i~~LL.i X 1 U'ii'U~~~::u:: 
-v1n1VI'U'Il H 1'Wmw'tl<J~L~8'UA11'1<JVI:W1 LL'lin::u:: 0 B m U'U 25 'li1~ ~~•h-vi~t<111l~ 1 'UI'1<JGl'lJ!ll'1:: 1.1. 'W'U (U) 1 tl'U 

I d1.1 d "' I d 4 ~ 1.1 ~ d "'t.:"llll q Q.l 

1'111'1:: LL 'U'U i1.f11'Vl 'VI'U !l !J'VI('1 \1\ 1 'U <11'U 'tJ !l ~ <11 \1\ L 'tJ 8'UI 'VI'U !l 'U 1 '1'11 ti'U 1 LL<l:: ~1'U L 'tJ !l'U I 'VII<'1'tl !llJ<l LL 'U'U 1\1\ !J1 f1 1J 
' ~ " 

t1 n L l'U 1u ~1'U'tl !l ~~ ~uuf n~11'111lJtl <l!l 'llii'u 1'1luvi'11 tJ 1.1..l11ril'i11'1~ LL 'U mur~1~ ~~i1 t1 LL<l~ ~~'tl11 
4 .::.1 .X ' d 

'U!l n 1 'VI'U!l'il1 n:W'V11~'tl'U'i~'VI11~ nm~ 1 'tl!lU 

~1U-v1<1!l~ lJ!l~<J~fitJ~::n!J'U 1'1ltJ'i1lJ ~~m'Vl-v1 83 1 mrif'l:t:IL 1J'Uf11'i\ll11'i1M11"1'11UI'1!lli':Wnl'1:: LL'UU (U) 

1tlul'i11'i11~u1 ~~1'W-v1ffi!iit~n111<Jth~'tl<JWi<J~~~1~~i1mlun'tl111u<i1u'tl!l~I'1<~<J~ri~~1 1'1<l<J~ri~~1~~i1t1 
tYu Li'JUI'1<l!l~I'18Un~(ll I'Vl~1~il::tY'U <1.fn"V~ffi.Jii'ii1~W1fi<J f11~1f1'1l~!l4~1 LL<l~f11~~lJ 'i11n.fn"VI'ii:t:\141f1\llb!ii' 

'llR11'1~1.1.1J1J1UIJ.tl1-v1240 IL<l~ 242 'ii::1.JiJfi1U<Jn'il1ntYu m.ffhU'UW!l4btltlf'UIIfi'A11'1~1LUUI'111:W.1'1f'itu " . 
'tl<J~Ml1r~~~mr~Y1 84 11<'1'11~ m~tlf'U ~tfi'l'i1~ 1\11Un'tl<J~1'1<~1l~<i~~ 1~~i1u 11.i'11.hR11'1~1L UUI'111lJ.1'1f'i'l! 

~~mh1:w11<111 'VIUfi11~lJ 1ul'1!lli'w-1 T 1umr~Y1 83 vi1mh~tf'VIn<J~r'itl'i ~nB'U-v1:il<1.rn'Vl't.im'Uill1lJ-v1n1'VIU\1\ 
' H 

L~BI'i 1'1'1 n l'i1-v1vhm~ Ill ~1'il<l.rnr~ on 1<ii'1~'ULL<i'1 1'111'1~ LL u'U~'llil <l.fi'Vl '"~ onl'11u1 rulll1lJ<I:w m~ 
' " " 
Cl = WF 1*SC 1 + WF ,*SC 2 + WF 3*SC 3 + ... + WF n'SC n ....... (1) 
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~ Ct.1 

~Cop)' .. 

'a~~'Ufl~bb'U'U 1 (0% - 20%) 

'a~~'Ufl~bb'U'U 2 (>20% - 40%) 

)~~'Ufl~bb'U'U 3 (>40% - 60%) 

'a~~'Ufl~bb'U'U 4 (>60% - 80%) 

'a~~'Ufl~bb'U'U 5 (>80% - 100%) 

J Format Paint~r 

(Jipbo<~rr;l 

Al 

""' vt~1cm~ 
.,. 

V!~1tJt\~ 

"' V!~lt.Jt\~ 
.,. 

vtmt!m 

""' vtmt!t\\1 

?f.fl1'V'ILL~ hl?11~11t:l'l·h:n'U1~ ~eJ~tlfuth~ 
' 

?fm'V'I ~eJ'Uoli1~ bb~ Ln e1uvh~1'U 1~ 1~ 'lle1~ bb6il~~~V!~~ 
a.n1'V'Itl1'U mn.:~ a1m1flvl1.:J1'U 1~6!ieJ~LL6il~'U1~"'1'U 

?f.fl1'1"1~ ?f1~11fl'Vh:n'U 1~ ?f~fll1'lieJ~bb6if~ bbl'l'ael 1~ 

?f.fl1'1"1~~1n ?f1~11t\vl1~1'U1~vn~tln&i hl'lieJ~bb6il~ 

l: ::sum· g ~ 
~ Sort& Find&. 
..)_C!ear • filt er .. Setec1 " 

.!..'~--

• J 
<± 

:--------------"'"'"'t.~,.~ .. ~~~-=·g:;:ht::;2>;;55;-;;fComplrtibilityModeJ---:M;;:k=,..oft=u~<.~n~o~n-~,.~mm=«~<i,~l~ .... ~---.-·-il"'!~.,.._,~~---l~f@~ 

~ ~CIA 

_j ~Copy• 
~e J Format hUller 

Oipbo;;•:.;••==,;,.,=== 
Jl 50 

..... 
~6 ---··---•••=------• ·----===-·-·-·---~-·--·-•-c----·---•-••••--•=:·:.::..:.!~---
2)•~-·--- -------------- -------- ~--...._ ______ -------~-----------'·-·- ___ ,. -------··· ___ :_:.~~:::!':~---- ----
!3! UJ.J.l.iirit 
:19 ;;~;~;;;;:;;;t;Jl=--=- ~~----------=-----==----· :U.U.tn11rtiltt''la 

w --~==-=-~-=~=~~-~..-;~---=~~=-=-~==·=-==-=~~~-======---==-=--==~-;~1.6-;-~w.;~!:=-~-=·! llU.JMfntM'l 
,.,------------=--------------~------------------------·--·----------=---~~~-----

:u~ --------·---·--··---------------·--·----------· -~-----~---·------------;;~-;;;-;;-;;,;·-.. -- .... -
24" 
2"3 .. ___ .. , ..... __ .. _____ ----- -----·----·- ---~-- .. ------·--------- ··-----·---·------------------ ------··u~;~~-;tJ&~,~ -·------
:~ --··----· ---------------------::~;-~-;;;~:;;---

,..---·--·-------------· ---=---------=---~;~'"'~-----· 

~.-s -·""·---·- ................ -----·-·-····- ·------ ·---·------ ------...,-~----------- ·- ·--· .. ·-·--..-------- ·-----·--····-.. -·-;;1~;;~-;.~li _____ -
.1A9 ---·-··""'-•·-·-·--·---~----------·-------·--·------'------.--·--•--··-··-·-··-··---·--·----~~~~~---~·· 

<>0~...:::_ 

----·------------------------·-----------------------------------------------,----
lSO ::.H.!- 12! i,;;..nnnnn _ ~I:S 

::~;.·;,~~~.,;--=~-=~-=--==·-;;-=f.: w ·~~~-=-=-~---~~ . .-:~;: ~==--=--==-====-==--=~~s~:~i;- -- ~: -=--···--. I 
H ;-;-;-c;~-~~ ~~~~~--z;-·-----~-=--·-·--==-=:=~~~~-:-J- ;.---;,+~ 
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.. " an,. B1IMI ll:iUWa11ll~ II:IU\III~il01:li\J T1~ fl~UWft11~~'1i'lJ fl~Uililll111~~~1TN1 fl~Uilllfl11111hticylll~ 

1 m,iif11~1• 6 8 14 0.16 0.16 0.18 

2 01Tiiifl7t»J 1 5 2 7 0.08 0.00 

3 m,l1,flm 6 3 9 0.10 0.10 0.12 

4 011,~ 3 3 6 0.07 0.00 

5 m,r, 1 6 7 0.08 0.08 0.09 

6 n111iimJ'\tle 6 4 10 0.11 0.11 0.13 

7 01,~011M1ll 2 1 3 0.03 0.03 0.04 

8 10UUMi'n 6 3 9 0.10 0.10 0.12 

9 1\m~ 2 7 9 0.10 0.10 0.12 

10 ~w 5 0 5 0.06 0.06 0.06 

11 i~ii1 2 5 7 0.08 0.08 0.09 

12 a~n11111'N111~J, 1 3 4 0.04 0.04 0.05 

90 1.00 086 1.00 

f11'V'j~ 84 bb~l'l'l~-;mci1'1fl1'Hhulrufhrl~bb'W'Wrll1l.JG11~qj1 'VIl.i 

~1f1f11'V'j~ 84 Fl!;'l€J'!ci'!~1~'1i1tlbbtJf1'1Jl1btl'WFl!;'l€J'!Fl€J'Wf111'l~'lvTt~mhllJ1LL~l L'V'j'n~u~~'W f"11r1~ LL 'W'W 

Fll1l.JG11~qj'll€J'I~f11'V'jfl11bnl'l~€J'I~1LL!;'l~ fl11;l.J ~~'VI1tJ 1 tJ ('l 'W-d€1'1 Fl~ LL 'W'W~f11'V'j~Yi~11W1) ~~G1-:J Lf11'l1~l1 
r1~u 'W'W1llJ~~i11"1wlhntJ o.86 1l.iLVhntJ 1.00 'VI~e:J 1oo% f"11r1~ LL 'W'W1llJ~'VI1tJ1 tl~'W ~~t1ml11 tlLo~tJ 

\J 

1.XntJ~mYI~'W'l tJf1~le:JV1Wd'W fl11tli11L~1~ ~1nL~l.liJf"11 0 .16 \l~L~l.l;'Wbtl'W 0 . 18L~tJm1tl11"11 0.16 '\111-:i 

~l tJf"11Fl~ Lb'W'W1ll.J 0.86 1 'W~f11'V'j ~'W '1 f11~VhL -d'U b~tJltl'W \1~ L ~'Wl1f"11 Fl~LL 'W'W1ll.J 1 'U-d€1'1 Fl~ LL 'W'W 

Fll1l.JG11~qj1 'V1lJiJf"11 L vhntJ 1.00 'VI~€1 100% \11f1~'WU1f"11~11ii!. 'VIlJ1 tJ bL 'Vl'W 1 'WFl€J~lJ.f1 T '1J€J'!Fl!;'l€J'Ici'l~1~'1 
i1tJ ~.:JvTt~nci1ll.l1LL~ll'le:J'W~'W 

1 
I Q.l .. d 

4.75 95.07 % Fl1~"ll'W~J) 1'V'j b 'lle:J'W 

2 
d 

4.72 94.46 % L 'lleJt.l .. 
'111eJ ... ... 

3 B1F111ci-:Jtl1/1~tJ1tJtl1 4.75 95.08 % 

... 
4 

0 .... 

4.79 95.88 % €J1Fl111 ~ \J1 tJ'W 1!;'l'W 

5 L~e:J'WUI'l-de:J'Ib '1J1~1 4.23 84.60 % 

~1 fl~l eJ V1'1 bL~I'l'l n 11Fl1'Ulruf"11 ~"llil ~J)1'V'j 1 'W m ru~i1~f11'V'j 1l.imtJ 1 'W fl111'11l ~ bb~ !;'l~ eJ'I f'1tl1~ neJ tJ 

L-ci'UL~tJltl'W 1'WtJ1-:JL~eJ'WeJ1\l\l~lJB.:Jf'1tJ1~fleJtJ1lJmtJ L-d'W 1lJiJvieJci'1~1~'1i1tJ ~.:J'1Jl1 'VI~eJlJLLf"1vie:J1~\J1tJ~1 
!;'l'l~1~1 L~l.J eJ V1'1 L~ tJl ~ .:JIJi' €1'11 Uvl1 fl11tl-rtJi"11Fl~ LL 'Wt.!Fll1l.JG11~ 11l L -ci'U L~ tJl tl'W tl\J~f11YI Ll'ltJ 1 iifi fl11 

L~enn'W1'W sheet ~~B Component Wei~ht (~f11'V'j1i sheet ~~B Condition Wei~ht) 
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3. B fi'1i'ffi1an1W'fleN,i1enJ'fiU1'1 7 H'l/'fleNn1U'ffath~n'Ju 

1 ~U.:J'IJU~:ll.l1W 2555 ~1~f'l11l.ltlG'leJ~.tlm ~tJ'W 1~vi1rn~~~1 'J61fl1'W LLG'l:lU~:l Lij~61fl1'W L~€1~~~1~ 
'I ,.,1 ~ v "" • I o d .V v 'I d 
b'VIt1J'Vl€l~ b~f'ld1l.l1'\Je.J~"!l€J'IJ~€J.:Jtnl.l"!lG'l u1~'Vl1~ 'J1~1~ 23 L~tl~'Vl1U1~L'V1Pl ~.:J LL61~.:J b~~111~'Vl 8 

?1111~~ 8 fi1~"llil61fl1'WL~t:J~~~1~1'VIru1~tJ 'WPJ.2555 ... 

0 u d 
~1~'UV1 

(%) 

1 1 86.61 13 8 87.04 

2 1 81.09 14 9 91.06 

3 2 91.95 15 9 83.68 

4 2 95.07 16 9 76.16 

5 3 88.86 17 9 86.09 

6 5 77.36 18 9 76.65 

7 5 79.92 19 10 83.09 

8 6 81.88 20 12 88.01 

9 8 90.03 21 12 88.16 

10 8 78.11 22 14 87.32 

11 8 79.41 23 14 86.53 

12 8 83.92 

3.9 a;tf 

~ ...... d .I ... d '\'" ..... v"" '\'" 1" 0 v 
"'illfl fl1"~Plm~n1tin1~m1"'il61fl1'WL 'lJeJ'I.JLLG'l:lu):l Ll.l~61fl1'W L 'lJB~ b~CJ15~"!l'I.J61fl1'W b~tl ~'Vl1fl1'~'V1~61B'IJ fl'IJ 

L~tl~~~1~1'VIql~€l.:Jtnl.l"!lG'lU1~'V11~ :ij1~1~ 23 L~B~ LLG'l~1~vi1f111U1''1JLLtloUB'Ufl'W~eJ~{ill~'") ~.:J'J1flf11~ 
vi1.:J1~'J~.:J1~61~1l.l~B.:Jf'IW~vi1\11~"1 LLG'l~'J1flfl1'l"tlfleJ'IJ~l.JL:a\ltJ!)U'~m~bl1nVJP11tnLL~~~1tl"!i1\l'lJB.:Jtnl.l 

"!l&'ltl1~'V11~ :ij1'U1'U 3 ~'U 1~t~ 1-tl'L~a'UmJm\lt:J~l.l5111 ~.:Jw1~L :fiv'l1 'VIll LLG'l~ L ~t:J'ULLll6111 v ~~wr~L :Sv~11v 
' ' 

1 'Uf111tlntJljU'~ 1~i1m~tl1''ULLtlLL 'IJ'IJU'UVinm1~1T;J61fl1'W L ~B~uu\.1~1~~ 1 'UnB{~'U 4.00 ~.:Ji1f'l11l.l 
~ .J' 1"' !'IIIV 0 V ol o d 'I~ d 

61l.l\j1Wl.l1fl~'ULLG'l~ ~Le.JtJLL'W1 b'VIfl'IJ'Vl1\1611'Ufl"!l&'l u1~'Vl1'U~1\I '") L'Wtl b "!l b'Uf111~~1'J61fl1'W L~B'U~~1~fl&'l1\l 

LLG'l~'lJ'Ul~L~fl ~\11~1''1Jf'l11l.l61'U 1'J LLG'l~~B'U61'UB\Imh\l~ b 'U~1'U~tl\IL tJ~ LLtnl.lfl1~rl1'U1 Wfl1 ~"llil61fl1'WtT'I.J 1~ 
vi1fl11'VI1fl1f'l~ LL 'U'Uf'l11l.l£h~'t1J~B\I LL~~~B\1 rlU1~ fltl'UL ~tl'ULLG'l~61fl1'W~1\I '")1 'U L ~tl\I~'U LLG'l~~ 'nl'I.J1L U1 LLtnl.l 

rl1'U1Wtl ~1~~1tl ~.:J~U11 tJbotl611l.l11f"lPln'I~1LLG'l~ LLm ~Ltl~ 1~ 'J1fl f111~11'J61fl1'WL ~tl'U~'U1~ 1 'VIql LLG'l~~'U1~ 
fl&'l1\lb 'UU 2555 lj:ij1'U1'UL~tl'U~L~1''1Jm~tl~~Lij'U61fl1'WL~tl'U~1tllcr~"!lil61fl1'W1l1flfll1 300 L~tl'U £11'U 

ol V d 1t.l V I 4.1 4 .d ~CLI V !"' .,d .ICl q 

f'l11lJ uG'l €J ~fl tJL 'lltl'U ~'Vi'IJ~B'Ufl'W ~ €1\l'lJB\1 LL 'U'IJ'IJ'U'Vl fl nl~~ ~1 "'il61fl1'WL 'lJB'U'Vl EJ\1~ B\1 LLfl b ~ LLG'l~ L 'WlJL(illJeJ fl 
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L~ mJ' eltJ 'ill f1 f11 'itb ~ Lil 'U L~ il !i( il W'hfl1'HLfi1 'II rh lii''l!th.1.f11yj m !1( 'il ~iJ rhvthJ LL\ll n1J 1~ 'ill f11,1, U ti1J 'U Vi f1 '1 i 'U L ~ lJ 
un 

1 u1'J~ U'U'i ~ mru 255 6 ~1 'U f'l'lllJti <lil 111Ji m ~ il'U 'il ~ n~ l'U'Vm !1( l'Ul '1!1 f11'i:w1 f1~'U f1l 1 L~lJ tJ f1 ~ 1 mh~ 
f11'i~11111i 1~rleJM \ll~~ ~ 1'Ufll l,l,<l~l,l, tl'ir.J<lLfl~eJ~rJeJ-J\liYH")M fl'i'ilJL ~!l'U LL(I) l 'Ui'J~ Uti'i~lJlru 2556 f11'i~'U'll!l 
~Utl'i~lJl ru~ l'U 'tieJlJ LL 'lllJ ~ rl11<1'U \llbll l L ~ il 'U~il( il~ f11 'iod illJ LL 'lllJ'il~ (if il ~ ~ 11111il'i lm l'U f11'i\ll 'i1 'il i'l fll'W L ~il 'U 

l,l,<l~tl'i~Lilui'lm'WL~eJul'i'1f.l'llllii''1!tl?im'l'jfl1tJfinu 1 tlill1t1 ~~fl~ LL uuvtli11,!u tlieJ~ilf.ll wn ru.n~nl1<1'U111 H ~~ . " 
'il~ 11i1rumth~mru~lu'!ieJlJLL'lllJ mh~.U eJ t1 1 'UL tieJ ~ liiu Vi'11-1u 1 ~ 1 t1 ~ 01 m 1 f'l'lllJtl <l eJ 01Ji m ~ eJ u LLI'i <l ~ i'!Tw n., 
i'lllJl'i m~m .illii'U L ~!l 'U~Iiim 1i11rum'i'ti!llJLL 'lllJrl !l'U'\<1.1~ L 'i'i!J1 ifl 'U f11'i'111l~Utl'i~lJl flNl'U'tieJlJili !lb tl 
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" ~ LeJna1~en~eJ~ 

ml.l'llmh~'VII'U. 2540. 11ENI'Uvm'l'll1f111 ilU1.J~ 1 Vlfi'nm1th~bii'Umll.IU<1e:Jiilnm~e:J'U Llill'.l~'ll'ililmYi 
(Condition Index). 

nmtmu1~'V11'U. 2540. 111'.1~1'Uvm'l'll1f111 ilU1.J~ 2 Vlfi'nm11J1~bii'Ufl11l.IU<1e:Jiilnm~e:J'U Lliii'J~'ll'il<~mYl 
(Condition Index). 

~1'Ufl11l.IU<1e:Jiilnm ~e:J'U. 2553. be:J n<~11U1~ne:J1.Jm11.J111'.111'J b~e:J~ fl11l.IU<1e:Jiilnm~e:J'U 

Q .! Q ·' ·' .. ~ ~ .. ·' i11ii'VIli 1l'U'VI1 u1~'ll1. 2553. b1lf1il11 u1~f11l1.Jf1111.J111'.111'./b 18~ <fi1~il11~b"118'Ubb\1~81fl11 u1~f181.J 
' 
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n111Lf'l11:lim:u1U~11J'!Iil~ihun 1 nil~f'l1lJ'\IIU1~1'1111J'ruilf'l'!lilm:fiuih~ 

1-lih~l'll11J'lU~i1l'liBU1:,rU~1~ 
, • tl ~ 

"'· ~11Jtl~11J'llil 1t'VI11.JVI i!l 
' d ' ... "" ~ 0 .... 

lo. ~l1.JVI "' l'll1.JU'l1.111\J111n111.J1~iltU1(~1n1!11 

... ~,. tl .~ tl 
"'·"' wl~VI (i) H1~\Jf'ln111'111lJ aBI1lfWL'!IB1.JLLi1:B11'111'lli1 1t'VI1\J 

"'·"'·"' iimn 'i~~ LLa:'l1~u1m'imlll~m'ViVI1~~11.Jli'llm1lJ'!IB~ 

L ~B1JLLil~<l11'111'l!aU1tV11\J 1111 ~1.11~~ n 1111 oil L VIR l \J la~i>\1~ 1 ~ L 1-llJ 1~i1lJI111lJ 
'VIii'n'i'lllnl'i L~<JL~IItl'i:l1VI~tn'Vi1um'ivh~1\J L'liu 'i5nmi''llu~m'Vi 
(Condition Index: Cl) L~il'iLI'I'il:'l-l~tn'ViL~1J1.JLLil:B1R1'itl'i:tl<JU 
i\'11-~i'U: oiiL i'Juoii!ll,ji1U'i: n BU tl W~ 1111ru1 LL 1.Jl\'11~ LLil:LL~\J~11.J~illJ LL'llll 

1-11Bt11utl(~' ~Bu 11Xil RJ1lJ~1.JI'I~tlavi1lli' v ua: 1-!f~11.J 1~1111111.1 n ~ 
'V11B~tl1:l1V15fi1'VilJ1tl~1.J 
lo,.,.i!:J nl'iiitl~l l~~ '11~1J1nl'ill1'i1\Ji1f11'ViL~B1.JLLa:iJ1RW!I<IU'i~V111.J 
" .,; .., .... ... ..I "" 
111l~LI'I'imiiBI1111\Jli1l'Vi(j111tl'i'iiiL'!I<l1.J (Dam Instruments) VILI-1111t~lJ 

...~~ .al 
1111lJU1tLJ1VILLil:VI\1l~'!JeNL'!I<l1.JLLiltil1R11'llilU1:V111.J 

~a~ii111 (Output) 

.. .. tl Q 

0\. LWil111'i"ll'ltnWL'!JiJ1.J'VI1~l'I1!JI111LLil: 1:LII1.J 

l'ltn'ViL~iJ\JI1h~'i5,r'!lii~m'Vi(Cond''tion Index) 
d ..:. " .., 1.1 

1o. mm WlJ'Vi\JRl111'iLLi1tVI n~:1'111.Jtl111111l 11 
v v 

~m'ViL~Bu11Xti'u1iRi11tl'itliju~~11.J ru ~1~1u .. 
L '!Jil1.J 

""1"' '1 ,..,_., .!'. 
01. LWil V11'11LL\J~\J11.Jtl1'iLLtlL'!Juf!J1-nLUm1111.J 

1umruii'Viuuf!JI-11_ 

~Brl~Bnl'itilj~~11.J 

~ililm'itilj~~1um:ul1.Jnl'i n11~01m1 

tl 
• .. • 

R1111 aoi1lfim'!lil1.J m!!n11111'il\J?Imw 

L~il1.J~l~l'l1~1111 (Visual Inspection) 

.al "" ( .._ .... - I .... ..~ .. .... .... .. 
"'· Ll1il1LI'I'i1:1-1'Vil]9ltl'i'illnl'i'VI(i1lll11 n11L1J~~ ~llilLI'I'imllillll1W'l111tl1111L'!Jil1.J 

• .11 ..I <V 0 .... m nl'iil1.J ~a LL<Ittll'iLR<Iil1.Jil11 '!Jil~'VI11.JU\111.J 

h L~il'i Ll'l'i1t!-lm;1 1-lile.i11.J'!I<J~J11uvhuu&iu 
LLil:Jj11.J'i1tl 

d ... t .... 1 ~ , 
01. L'Viil1LI'I'i1:\.1 LL 'i~LL:.I\Ji111.J 1-1l'VIlJ1tl1:V11 

lliewhu'U~u 

0::. L~illLI'I'il:l-1 LLm'i'uJ'11\JVll1.JU~1.J ~i1ll'll 
Flow Net LLa: Flow Line 
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1-nl'l~RlllJ ~uil~'llilU1~iilu~l ~ ~<t~iilll (Output) ~vl'iilvnmJ~u1i~lu 

"·"'· \:J m'il1~ulfiil il 1 n1~U11J~l1J lum1<ij~ m11'11llJU<t1l~Ji'm ~1l1JLL~~ • L 'YlrJil~ VI~1J1J1~~nlll1 -tlL 'Yl~ 1u 1<t~~LVIlJl~<llJ 
' 

riiJ1J LL 1J1VIl~ 1un l1rll~l1J L ~1J LLm 'IJUru't-n . . 
vl~WI1<tU1~vnu L ~1l 1 -tl L tJuLL UTYm 1un m·h~lUL ~mLm'I11J(\!'Imh~ 11111 L~vnmi1JlJLL'IIlJ u~uu1~ u.m'IJ-tlvunl1~il~'IJ1l~ . ' ~ ·' 'IJ1JU n \111l~'II1J~ L '111J 1J LL~~1J lRl 1'11ll v1~'Yll1J 

. ~., ~ ~ I ~ 
lWl~lJ v1~<1'Yll5fll'Yi L'IJiJ1JLL~~1Jl~WIIllU1~'Yll1J 

" • • • • • "'• r t q"' !:>.<il.oi m'i~mmii~LL~~'I'j~'IJlL'Yl~'IJ~ VI11JU'i~~nill •'IlL 'Yl~ .u <1~'Ylm!Jl~<llJ 
' ... ' ,,. ·' i1 • ' ... ·' LYWnl'i'111llJ LL'IIlJ v'iU v1~ LLn '11'111lUnl1'iil1'111l~L'IJil1JLL<t~1llm1'11<1 v1~'Yll1J 

1\\'ilmllJlYUrJ~ LL~~LL1~ 1J<11J~Ji'~ LtJutumlJVIli'n'imn1'JlJ 



~1111'1JI ;<~~ii<~m1tJij,m~1u 

Gl t~il<Jf111tJ5Wi~1'Uf11~1J1'Uf111 f111~1ilf111 
.. 1 ~ .. "' fl11lJ u<l<Jillf\t!b '!J<J'U ili11Jn11il111ili'lf\1'11 

b~<J'Ui111EJi'I11'Jill1 (Visual Inspection) 
lc!f ...! ... ..., "" 4 

i!l I fllJ<ibfl11l~lJ1l1iliW ~lllfl~';lJb'IJ<J'U 

"' f11';~1i1'1'11LLI-I'U1J"1Vm bb<l~ ~Iii f11~ 1fl'; ~ 
.; 

f111b 'IJ<I'U 

o:: I f11"i~liln11'1'11LLI-I1JU<J~nu.tii'Jumiiu • 
ilTwr1J'IJlJ'IJ1J bb<l~ bb~'U~1JW'\ol~~J 1<1\il 

.t: 1 ~ili'Vi1 bbc.~uu<~ ~ nu.ti I'!IJ miiu il11-1f1J 

'IJlJ'IJU I.L<I~ I.Lc.JU~ uw1-1~~J 1<1 ill 

b l,)ili'Vi1LLc.J1J.yjJTvhlJ ( Inundation Map) 

111flf111b1illl Dam Break 

'" v v .,J ·' .; I f11';~f1<11J1lJbil1'\ol1J1'VIf11lJ'IJ<l u~~\1111J 
f 4 ...1 ..,j .... ~ I 

LL<~~l-l1J1 EJ~11J <JU'VIbfl EJ1'l11l~ • '111l m EJ'V11l ill 

m11 ;r~.~.~o~uu 1l~nu.ti EJ_qn •iiuil11-l~1J'l1lJ'IJu 
I c!j I ..,j 1.1 1,.1 ..., 

<> I fllJ1l f11';<J11J bbi-I1J'VI~11J'IJ<IlJ<Iili11J f11';1Jill f11'; 
" ~ " 

• I v .; 
fl11lJ u<I<JillfltJb 'U1l1J 

u~unT~~f!<ti1aiian17t1~,m~1'U (Work manual) 

fl1Un~1'U~~t17:~1'U~m 

I.Lc.J'Uf11W'h b U'U ~1'U ~ill'l'111tJ~1JU1 ~ l'iil 1l 

I U~1JU1~lmU 'YU'I. v~ ~ 
~~1J~Iii'O<J1J 

i'I~1'U~~1l~~il<~n11Uij1J~~1u 

1 
•q I ij i!J.t:.t:.,: i!J<fbo 1 i!J<fbGJ i!J<fbi!J " 

uu , j , 'j v v, I. v 
]U_b<llJ _ •W<~ _ \ll'UillJEJ..LtJ11JtJ1~ 

I I I I I I I tJ'IJ .'IJtJ .i!l 

I I I I tJ'IJ.'IJU.i!l 

I I I I tJ'IJ. 'OtJ i!l 

I I I I tJ'IJ.'l1tJ.i<J 

I I I I tJ'IJ 'l1t1 i!l 

I I I I tJ'IJ. 'IJtJ i!l 

I I I I tJutJ . ., 

I I I I tJ'O. 'OtJ. i!l 
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• • • • ii11l'n~mh•l111J~ ~tH'!JillJ ~1-I~L'!JillJ 

U~ritJG1~1~ 

••• 
11Jl1l11n1~1>1~11l l>i1U~ if~,.,'i~ • 1'111lW11L '!JillJ 

fl1Lilil 1111~ • fl11lJ~~'!Jil~'!JiJ1J 

tnlJ1(1J~1J MAX. WATER LEVEL + ... ... MSL MAX.CAPACfTY 
... ~ ... .J 

~·~U1J11\Jl11>1~11l 

STORAGE WATER LEVEL+ ... .. MSL STORE CAPACfTY mlJ1 ru1h t 'U ri1 ~ 
MIN.WATER LEVEL + ... ... MSL MIN.CAPAOTY 

UPSTAAM SLOPE DOWNSTREAM SLOPE 

CONTROL STRUCTURE : Spillway 

~ij~ U~vhn1~riu"'-l'1-:~ tfilJ1ruJ1vtl 1-lft~1\J c uunu uu) 

1'1111JV11'!JU~o1'\J Spillway ~·~uo1'1J'!l1H Spillway m1nruJ1vtl ,.,ft~1u 

R111Jn'i1~'!Jil~ Spillway li11J11J/'!l1J1~'!im tuJ 1 1'1111J n'i1~'1lil~~1~~•U1V~11J'IhV Spill way 

DESCRIBE CONDITION OF THE FOLLOWING ITEMS. 

EMBANKMENT (llHit1!1) 



CONTROL STRUCTURE (continued) 

CONCRETE STRUCTURE : (tlnl'ttut:il1f11~f'IDl.m'1t~~) 

WALI<:'NAY & RAILING: ('r!l~l~'ULL~~Uulfl) TRASHRACK OR LOG BOOM , 

(""um•lium•l 

EMERGENCY SPILLWAY· ("t11~1~U1m11qmQu) 

INLET & OUTLET STRUCTURE 

RIPRAP PROTECTION 

.. 
ml11CU I n17~01~' .. ~ 

~il"'~~•~m~•iia ~fl1'ViLf'l1fH1HJ mJ1VL\1\Jl 

Piezometer 0 il. .... ··································· oHim71fi 

0 lliii oHfm,hMi 

Observation well oiL ... ·········· ...... .. ··········· . oHim71fi 

olliii oHim,l!J11i 

Inclinometer oiL ........................... ........ oHim71fi 

olliii oliim,l!J11i 

Cross Arm 0 i1 ..................... ..... . ............. oliim71ii 

ohiii o Him, 111 1ii 

Seepage Flow Meter oiL .. ... ························ ........ oHim71ii 

ohiii oHim,1lJ11i 

Extenso meter 0 il. ········· ········· oHim,l.li 

ollijj o Him7 llJ 1ii 

Surface Settlement 0 jj __ ......... ········· ···················· oHim71fi 

Point ollijj oHim71111ii 
.. 
""1 



uuu o Open Stand Pipe Serial Number~~~ Read Out 
e ..I.., t 

il1U1\J '1'1~~~ 
Piezometer 

Unit (LA~~~fl1\J) ~Nl\JU\J1~~~~~ In~. LLUU o Vrbratin~ Wire 

uuu o Open Stand Pipe Serial Number~~~ Read Out 
. ..,_ :; 
~1U1tJ VIIJIVI~ 

Observation well ~tfluthnvifl Unit (LA~~~fl1\J) li1W\Jaw~WI~~• In~. 
Gl ....... !<> ••..•.• m ........ .. ......... 

7•1futhnvi~ Serial Number ~~~ Read Out :ij1'UTU ~~VI~~ 
Inclinometer . . ' li11J1\JU\J'l~~~~~ In~. (j) ....... ~!:~ ........ m ........ ........... Un1t (L~7e~mu) 

7•ifuthnvi~ Serial Number ~m Read Out -411.11\J v1;1V~~ 
Cross Arm 

Unit (L~i~~<i1U) ~1\J1\JU\J1~~~~~ In~. (i) ....... !<> ........ m ........ « ......... 

Seepage Flow Serial Number ~~~ Read Out • ~- t il1\J1\J "~~ 

Meter Unit (L~ie~<i1\J) li11J1\JU\J1~~~~~ In~. - . . Serial Number ~a< Read Out 
0 ..I... :; 

• trtJiil"m~"~tNlJfl 1il1'U1'U YIIJlfl~ 
8\J1 

Unit (L~~m~l\J) ;j11J11JLL'LJ1~~fl~-3 I mJ. 

.... .. .. . ............................ .) 

' ' l: • ... ..1 
~1~~~\J1U~•U11<7nt;1'1'1 ............ .. 

(..... .... .................... ........... .... . ...... .) 




