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EVALUATION OF THE SPILLWAY OF AL.
ADHEEM DAM BY RUNGE- KUTTA UIETI-If iD

Nnjim O, Satinr iL- Cuzati
Ci|;t Ln.qincu it\< l)eptrIu1t !, ,ub)latI (;ttir\.t s i||

, , \bstluct
l i Iugc- kutt] r)r. thod ol thi id ofdcf schcmc is usccl 10 roLrtc thc l)rL)lrtblc

nurirnLrn l lorrd (PNll i)  hrdrogaph throu!1h,,\ l-- / \dhccrrl  rcscr\.oir. ' l -hc nrurr Lrnr
oulf lo\,disch0f8c is 1 126 33 nrr/s. ' this 

dischlrgc is lcss l lren thc al lo\rrble rrr\ l) ,rnr
oLrt l loN dischrrgc \\hic]r is 1500 rnr/s. ,4.s a rcsulr. l l rc spi l)rra_r oJ r\t  ?\( l t). .r,r ,1. l |
nccd nol Lo bc uetcd.

l  l n l  l oduc t i on
1l\: ihr:rt ion ol thc sf i l l rvl,vol AL Atlhccnr r|r ln rrc;tnr t\o rhinits. I l) .  t l I l  r .

thi l t  t l \c rta\ inrLul f lood can bc routcd t lrn)ugh thc fcscr\ lr i t  alLl o\Ljr l) l) jr ir lr  l i rrLrc
sho0l(hr' !  occuf. l l )c sccond is thet 1l)c cccssirry quxutitv ol_\\ l t . l  ( lo\\osrff. l l r  l l rr
(hi, i  i r i : \r tpl icr l  \ \ ir l !nrl  c\c.c(t i 'q 1500 rrr ' , /  s. A1.,., \dhcr'r dirnl i \  constfLrri i , l  l r l
r*Lcc1 l ish(1i! l  r-rom rl.odi.g tr. ,  co'rrolt i ' f  rhc do!v1r:Lrcrr)r fclr. ,rc! rhrlrul lr rL Ll). l isr i l ;  

r i \ ! :r -dL'ns thc 1l1xrd ow ro rhc i l towrl)tr Ai.. l", :*..  , , , i  , , , , l ,- .L, , t , , , ,
l 5 O { ) l ] r r / q ( r . I 6 . 7 i

tr,c,-!0,ttr\ i,]. i5 garcd rh. sfi w,r_r oI ;\r.-  l trrcnr i", ; i  
",,,_ 

_.,i i i ,",. i l ,. ,r,..u l r11)w ( t i schxrgc  lh r r )ugr l l r rc  s r i l l r \ . ]  rs  nor . * rc .  con l ro r .  I r . r r re  n r . \ in runr  o r r  i r , . \ !drsr i) i r r i t .c\ccfd,\  l - i00 nl , /s.  rhc sJr i l l \v l \  nrusr Dc { i i teJ.
, \1.  / \dhccnl ( lur)r  \ \ , i l : r  tc: i tc( l  rr , t l inst_ l , rcrtr l l r i ' - r  l . r lL, .  , , l :  l i '

;)i;, l ':::l i l : ' |., '. ",.d. 
tc!,ct irool ,ouriIl.!r rrrcrhod ar)(t r,c.r.Li,,r rr,,rr,,,.;l ,!r l l r lurc rr) i t !  no1 occur.  I l t  Ih is |cscrrrr  h.  l {Unrc_ l iu l  r )r f thclJ is 1r5..( l  t , ,  u i , t . , , , , , , , .rnlr i rnLrrrr ,  L,Lrr l tor t t iscL:rrgc tr_r l rur ing.Lirc f , , , t , , , t ,1.  , , , , , , , i ; , , ; ; ; '  i " ," i  

' ' , , , r , t  

rl r \drott f i r j rh l l i fourh r \1.-  r \dhccnr rcsirr \otr .  lhcrr_ 1rr ntr \ j ' lL l r '  oLrt j l . \ \  ( ;sr l l . .  : r  r : ic o n p r r r c L l  r r i t h  r l r r  a l l o l l b l c  n r ; r r i n r u r n  o L r r l l o r i  t l i s c h . r r g c  ! . " h i f h  i s  t j { r o , , , i ; , ,  , ,  , f , "n)rNinlun ouulorv ( t i : ic l rulre is hfrcr lh iur rhr r l lorr luhtc , ," i  i  
"  

. t ; . , . r , , , ,  .s l l l ' !estr( ' r )  ls t t rr t  thc sl) i l lv\ i r ) . r)rLr: t  hc sir tc! l

2.  l . lo*  l lout ing

, . , , . . . l  
, u "  r o L r l i n l t  i i , o l  t l r o  r ) ] ) ! : j  l l r c f i r s l i r r h c r . , : s c | \ o j r r o L r l i n l ] . i r n d t h r : r . 1 , ;  1 li \  lD .  t r \ f f  r oL r l rn ! t .  l he  r csc f \o i r  rou l i | ! l  n t . : t hod  i s  l p l l i c r l  , , r , , , . . . , . , , , ;  . . . , , , , , ,t)ori ,1)oi.r l  \r ' r lcf surlocc. SLrch rcscn,oirs luue a pool rhui is 

" i ,1" "",f  
, f*p.., , , t  . , , , . , i\r l l r  r l i i  l .ng(h in thc dir.,ct i . ,  ol l lo\,.  . lhc 

vclocit).  ol.1lo\\ i , '  11," , .r"; i , ; ;  ; , ,  , , , ,iorv. Al- , , \dhccm rcscrvoir is ol-a hofizonliLl , ,ratcr surlacc i fn. ' , ;1 
' i ; ; ; ; t i '  

.  , , .rcscrvoir routini:  mclhod is nccdcd to appl), 1o obtejn thc oLrtf iorr ih_r, i . , ,-",. , , ; ; '  
" '

2.1 I-o\ cl I ,ool l louting
Lc\cl pool roLrt irg Dtcthod js

tfon l lcscnoir rvith a horizontal
storegc- o0ti low characlcrist ics.

a proccdr.r fc to cr lcul t lc th!  out l lo\r .  h] ,droi  rr l  i j
warer sLrf l rccj  glycn r ls in l lo\ ! .hl .Jrogrl l ) l l  . r r , . l

In this nlcthod. thc vari l t ion ofin0orv and oulf lo\ ovcr thc t i t lc intcr\ ir l  t : l' r l t l rorirrrrted, to bc Irncir To de.r 'elon thc storagc- oL,tno". iun.t io,r, 
" i", l , i ; ,r ,r0tJ!c and ete\Jt lon_ outi lo\ di l , l  rrrrr.t  bc availablc. Clcarl1., i f  cle\ 'at ion" sto|u|cdata rs not available storagc- outf low f 'unction ca[not bc devcloped. A. 

","rufi ,  
I-r"f
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IJooJ mcrhod cennot b!' afplied. \\ilt!,n storagc- ou low function cannot bc dc'eloDrdIlLrrrq, ' ,  Kuli ir  mcthod, rrhich is descri i .ed in thls resca.ch, can be aff l i i .  
" '  -  '

2.2 Ilungc- Kutta Method
This ntcthod is rn eltcmetivc nlelhod for lcrel pool

lhc coDlpLl l i r l ion ol  thc slora!e, out, loN tLrncl lon and tS
hvdreul ics ol_l low through the rcscrvoir .

nrethod. It  docs not rcquirc
morc cjoscl) r. l i t1.d t0 t lr .

, .  
In r l l is nrdh,rl .  thc c.ntiJluit \  cqrral ion is sol!.cd numcfical ly. Vitr ious ordcrol

\Lrrcnrcs L j I  hr I  t . f tr i l  i .r .    thif t l  ordcr schcnrc is choscn in thjsrcscirrch. I l t is schcmc jnvolvcs brcaking cach t intc intervrl ;nfo rt,r"";n.r.rr,",r i ,  
"u,_tci l lci t l :r t tn,t r l lcccsri i 'c v:t lLrrs o1'\\ :r lcf surl i lcc clcv:l t ;on a d rcscrr,oir. cl iscltrrge l irrcuch incrcmcnt.

I Irr contir lr i ty cqrration is c\ lrcssc(l as:
- . r  

l i r  t . ' 1 t 1  r  ( l ' ( r )  t i t ) t r . \
( |

:  ( ()  l |c stor lgr
|  ( t )  1 l ) c  i r r l l o N ' h ! ( 1 f t ) ! r x p h
(.)  ( l )  1hc (nr l l lorv h\1lr)r t rr Ih
Ir( t)  thc prcci l - . i l i r l ion oI l t ( j  t l )e fcservoir  su,r i rcc
I (11 t l lc c\  rporr l i . i r )  t iont lhc rcscr ioi I  sur lace
\ lh.  lvr i lcr  sLrf l icc r fc i l  l t  c lcvul ion I  I .' thr 

qLrrnl i l ic.r  ol  evlp(Jf l t ion frorn AI_ Adhtcm rcscr.voir
hi . ! , |cf  t l r :Ur lhc q rnl i r ics ol  f rccipiral ion onri)  i l  as shorrn in tablc (1)
rr  lhLr conltnL|tv cqutt iotr  is ncl t lcct i l  lo rcprescnt lhc worsl  cxst in( l
c l lLrr l r(r t  bf fontcs:

i rrc l l  rqurI t l l
' I l r e  

J l s t  t c t r ) l
t h d  c r ) n t i n u i l \

r l s

t (  
1 ( l )  Q ( r ) . . . f l )

I  hc chlrrgc in r  (1l l |nrc.  ( ls.  (hrc lo r  cI i I r ! ,c i r r  c l$ rrr ion. crrr  bc crpr.r : : rL1 rr :( l i  - , \ ( r r ) d t r  .  . . . .  . ( r )
l rq (2) is 1l)cn rL'wri t1. l r  ls:

( l l l  l ( r L  Q (  )
| l  A ( l  I j

\ i l  l1l ,)-!( fr , l^,
, , \(rr,)

\ I I
r ( r ,  + l ' ) -e(r r .A I t  ,-  ^ )

At,\
, \ r f l  ! i  l I

) A r  ) ^ t  r - )
l ( I  + 1 : l  O i l l  + ' : 1 : t, t _ r j

)  I J )
A(H,  +a : )

(,

(.r)
' lht  

solLrr ion is ! \ t f r( lcd l l r \ \ . l f r l  by smll l  incrcntcnrs ol . thc in( lctcnr lcnt
\ l r i l b l r .  t i n t c .  L r s i l g  k r r o t r r  v r l u c s  o i  1 t . . i : p r r t r l : n t  r r r i a b l c  l f .  1 , , .  

"  
t L , ; l i l , , L " l '

s ihf ln! ' .  thcrc er. lhreo such incrcntcnls in creh t in ic inl . fv i l l  , \1.  und { l )rcc srr i .ssr\c
rr | l ) ro\ inrnl ions are Dudc l i r r  the chln"c in herd cl .y l l t ion. c l l l .

A t  . . . . . . . . . . . . . . . ( 7 )
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3.  r \pp l icat io t r  o f  Rungc-  Krr t ta  n tc thod on
In ordcf to apph l lurrgc, Kuttt nlethod

i \L- r\dhecm Rcscn oir.
on AL Adh..nr rcs.r\ oif. l l r .

1'ol lowirrg must bc dctcrnrincd:
L  I l . .  , \ . r ( i  , r i : r . r . , r r : ,  r . r  r  c t . r . . r r
l .  ihc init ial condit ions.
i .  Thc inf lo hldrograph.
.1. ' t l )c cl*rt ion ourl low rr lrr ionship.
I hcn cl lcLrlat ions proccc(l

rc lal loDsl) i | .

: l . l  l  hc w: l l r r  strr t lcc trc l  vs. c lcvt l ion rcl i r l ioDsl l ip- l l lc 
Nl lcr sur l icc i rrc]  c lc lal ion dr lr  is a\ :r i la l) lc and l fcscutcJ i |  l rLbl .  ( l )

N o r r l i n c r r r  c o r r c l a r i o n  r l c t h o ( l  r \ r s  L r s c d  b l  r \ l i  A h n c r t  ( r ) l n d  j i ) u n d  t h c  i t j l t ( , \ L n t :
c ( l u r l i o n :
, ' \  t 6 : 1 4 \  t 0 ' ( t r l \ .  s l . l ) ' r ' ) r  1 2 . 6 9  . . . . .  . . . . . . .  . . ( 1 0 )

A \ ! ;Ltcf  sur l ]cc arcr r t  c lc!  r l ion ( l l lv.)  in sq. k ln.
Llv.  wltcr lNcl  in l l r r  rcscr.r 'Lr i r  rv i th nr asl .' I  

hc cocf l ic icrr t  corrchl ion ol- lhis cqult ion is I i  0.99S6
3 . 2  

- l ' h c  
i n i l i : t l  c o n d i t i o l s

a. Inl lorv oLrt0orv -  0
l l  \ \ ' r t f r  s L r l r o c  l c v c l  i n  t h c  r c : ; c r v o i r  l l 1 . 5 n r  a r 1  * l r i c I  i s  r l r c  n , r r r r r r l  o I c r . r r r L r r r

l o \  e l
c  l l l c  o u { 1 l o \ , "  l i o r r r  A L  A t l l r c c n r  d ; r m  d L u i r r s  r o u r i J r g  i s  r \ r u r u r , l  r o  b c  r I r r L r l h  r l r t

s l r i l l \ . r 1  I h c  o l l l c r  o u l l c t r  a r c  i r s s u n r c ( l  r o  b .  h L ) r k f J  j i , r  u n y  r L : f : r r r .  l h i r
l r 1 ) c r d u r c  i r i  n L r r n r r l h  l i r l l o w c d  s i r ) c c  i t , l , , (  n , , t  l . |  , ! L  n  r  r  l L r r  r .  r  r -  r r o n
d L r n I q  r o ( r t r n g .

3 . 3 ' l  h r  i n l l o r v  l l d l o g r a p l t
' l h c  

p r o b l b l c  r r r  r . i n r r r r D  1 1 o o J  ( l r N , { l  . )  p r c : c n t f d  i n  l . r b l c  ( i )  i :  c l r L r s t r  L r ,  b r  ( h t
inl ior, .  hydroiruph. t  his choitc is mrr lc sirrcc i i  h.r \  t l r !  nr\ i , rLrrr  prrk ! j r5f l l l l rgc
3 . J ' l  l r c  c l c r u t i 0 n -  o u l l l o l l  r c l : l t i o n s L t p

' lhc 
oLrt l lo\ \ '  r l ischuri tc is a5sunr. i l  to bc o n l )  l h i , ) u g l )  l h L  s t , i l l r r r L r  l l r c

spi l l r rur dischlrec cqLret ion i r l r ) :
{ . '  ,  J  , l l

Q - thc di :cbargc in ln ' /s
l l  -  l_ l)c \vatr f  sur l l re clcviLt ion rbo\r thc

According to lhe ovaihblu drt ]  oi  t jc l ) i \ l l :
41..  6 hrs = 21600 src
I(tr). l(! | At/ i), rnd i(rr + 2r\ti) afc lbuDJ

ancl I ( t |  L) as Iol lo\ \ 's:
r(l +Ar13) = (tr) + 0(rr.r) , t(!))i 3
I(t j + 2Ay i) = (1) , i (t(1,,,) - I(rj)) x 2/ i
I ( ! )  =  0 ,  I ( t - r )  =  20  n1 ' /  s
(rr +Ar/ 3): (0 .r. 6/l) = (2)

. . t l l )

s i l l o l  t he  sp i l l r r l r  i n  n r

h(L'tuLiph,lhc rLrutinit  i l l lcfr r l  i :

bv l inciu intcrpoli l t ion bcl\\ .cn I(tr)
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Ift, +2At i) = I(0 + 2 \ 6/ j) =.1(l)
I i l )  =  0  +  (20-0) l  I  =  i , .o7  u t ' i  s
I (a )  =  0  -  (20-0)  x  2 /  3  :  1 i .31  m3/s'l lrc dischergc is found bl applying Eq. (
Q 0 r ) = Q 0 t " ) - Q ( 0 ) = 0

I hc arca is I 'ound by applf ing Lq. (10)
I l l v .  I I r  I  l3 l  5  =  l3 l .5nr  as l
A ( l : l l . 5 )  -  1 . 1 5  x  l 0 " n t '

' I h i -n

A l l l  =  ( 0  0 )  x  2 1 6 0 0 /  ( l i r  x  1 0 / 7  r r  r l
I I r  r A I I r / l - . 0  i  0 , 1 -  0  r ) r
Q( ' !  +  ̂ l l r /  3 )  =  Q(0 )  =  0  n l /  s
l r l \ ' .  l l  r  A l l r 1 l  r , l l l . 5 = l l l . 5 n r i r l
, \ (  l i  1 . 5 )  . l l 5  x  l 0 ' n r '
, \ l l .  ( 6 .67  0 )  r  21 ( r00 /  ( l  15  x  101 ' )  0  00 l  l n r
l l  i  2 A I I r 1 3 .  0  I  I r 0 . 0 0 1 I / l = 0 ( X ) 0 7 n r

Q( {1 .0 (X )7 )  0  0 { ) { )5  n , ' s
l l l r ' . .  ( 1 .00 ( l l /  r  l : 11 .5  l l l . 5 l l 07 rnu \ l
, \ ( l  r  1 . 5 0 0 1 )  l l i r  l 0 " n r r
A I I r  -  (  l l . l l  0 0 0 0 5 ) \ 2 1 6 0 0 / ( l : 1 5  r  1 0 " )  ( 1 . 0 0 2 1 n r

AII l \  r,1.t r rr\  , , / .1
- , 0 ' l  t l  r  0 . 1 l 0 l l / . 1  0 . 0 0 1 6 m

1 1 ,  r  .  r  ,  A I I
-  ( l  t  0 . (1016  (1 .0016  n r

( . ) ( (1 .0016)  0  001 , )  l n ' /  s
' l( i  

iLpfro\irr)r lr 1l)c re\Lrlt \  1o t\o l i !rrr. \ .  ( l  -- 0 00 rrr ' , / \
lh.] rJul inrt ci l lcLrhtior)s lbr sulrscqu.nt Icf iorls i_ol lo* thc srnrc procrrlrr|c nnLl

1h. r(:ul1s !rc trrsrnrc(l in i lblc ( l) ( irrf lr  ( l)  sh,)\\ \  thc i  l los arrd LrLrtJl, \ \
h\  r j \ ) r l  i tJ)hs.

.1 .  Conc lus ion
I  r )n r  l r rb l c  ( -1 )  i i n r l  g f i f h  ( l ) . l hc  l o l l o r r i r )g . r r c  conc lL rdc r l :

l . l l r t n r r r x in r r rmoLrL f l o \ \ ' d i sch r rg . i s ( l l 16 . t i 8 ) rn / s  l l  i s  l css  th rn  l h r l  oJ  l h rdus i l r r
rtqLrifcnrrnl r\hich is I:00 nr' , /s. , \s i l  rcsI|11, lh. spi l lwl\ n(cdn'1 to he grLlr( l

I  ' l hc  pc rk  i n l l o rv  o l - ( l l 7 t i 0 )  m j / s  a r  (210 )  h r  i s  r . r l t L rcd  to  (1126 .1 i l i  )  r r r ' s  1 , . : L r r r i ,  - r
rt  (276) bf.

-1 .  l hc rangc ( )1  a fp l i c r l i on  o f  l i 1 .  (10 )  i s  f i om (100 )  n l  ns l  1 | l ( l , l l ) n r r s l  r r rd  i r  i ,
loLrDd thfl t  i t  is suff icicnt since mlrxim!nr elevi l t ion is (142.3-1) nt asl.

.1. O\erlopping t 'r i lurc shoLlldn l  occur since thc elerlt ion ofthe denl crcst is 11.16) nr
0sl and the ma\inlunl walcr suffdce clevetion is ( i :12.S-l) rI  asl-
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Appcndir  1:  Craphs:rnd Trblcs

I n l l o $

' t  inrc (trorrr.)

Ir i ' t .  ( l) :  Inf lo1r xnd Outttolr ldrogrxphs

' lrbl(.( l) :  l \ lcrn Nlonthl] l l f tcipit .rt ion : rd I,r.rc \\ , :r lcr Surf:!cc I, t \ :rt)orlr lr(,
fr i)nr,\( lhl im ltrscrvoir {n).

'  l l , , i ,r l , .  lL.:r ' i t i rr i i ion(r)r i ,) t ,r, 'pu',rr i ,u'1n,, ' I

L oc!  L  I  1 ,15
^ ,  - ' ' |  - r )

l ) . c .  43  l7I .r,,N. (,t i -rai
l c b  + 9  6 l

r '  i : l
\ l . r !  l  -  , ( ,
;J | r i  .  - i l  . : t
. r L r l  I  _ 0  I  . : r 4  ]. l u l  I  0  . : r 4  ]

i  , r , r g .  I  
- 0  

I  . l : +
Scp. 0 2)1

f  t ,  , t  F  . ' t  j l o o
V  l l  - 6 :  . i .



Tablc (2): lopographic l :orturcs- of ddhaim Rcserroir qi).r: i  l

1 0 0 . 0

l l 0  0 60

' l  rbh (3):  "1 'rol)r l ) lc NI:r \ iDlunr l i lood :r t  l \ t thainr- NIorrr tr"
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