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EVALUATION OF THE SPILLWAY OF AL-
ADHEEM DAM BY RUNGE- KUTTA METHG

Najim O, Salim AL- Gazali
Civil Engincering Department, Bubylon University
Abstract _

Runge- kutta nwethod of thivd order scheme is used o route the pm_lw:ib]c :
maximum flood (PMF) hydrograph through AL- Adhcem reservoir. The maximum
outf{low discharge is 1126.88 m'/s. This discharge is Iess than the allowable maxinium
outflow discharge which is 1500 m™/s. As a result, the spillsvay of Al- Adheora dam

nced not to be gated.

1. Introduction o

Fvaluation of the spillway of AL- Adheem dam mecans two things. The l_tl:fil. i5
that the maximum flood can be routed through the reservoir and overtopping lailure
shouldn’t vecur. The second is that the neeessary quantity of water downstream the
dam 15 supplicd without exceeding 1500 m?/ 5. Al- Adheemt dam is construcied 1o
protect Baghdad from flooding by controlling the downstream releases through it 1o
Tigris river during the flood 1low to the allowable discharge, not more (han
(SO0 m's g h2em

The outflow discharge fromt a dam through 2 spillway can be under coniro! i
the spillway is gated. The sptllway of Al- Adheem dam s ungited; therefore, the
outflow discharge through the spillway 1s not under control. 1 the maximunm oul{low
discharge exceeds 1500 mY <. the spillway must be gated,

Al- Adheem dam was  tested agamnst - overtopping  uilure v by
AL- Gazall " 11¢ used fevel pool routing method and he found thay overto i
Fitlure may not ocewr. In this research, Runpe- kutta method iy used to oblain (he
maxnmuim outilow discharge by routing the probable muximum  flood (COA )
Bvdrograph thirough ALL- Adheent reservoir, Then, the maximum outilow discharee iy
compared with the allowable maximum outilow discharge which is 1500 m' s iy the

g

maximmum  outflow discharge is larger than the allowable outllow dischares . (e
suggestion is that the spillway must be galed,

2. Flow Routing

Flow routing is of two types. The first is the reservolr routing, and the second
is the river routing. The reservoir routing method is applicd o a reservoir wit o
hortzontal water surface. Such reservoirs have a pool that is wide and deep comypared
witlt its length in the direction of flow. The velocity of flow in the reservoir is VO
low. AL- Adhcem reservoir is of a horizontal water surlace type "5 therelvie, the
reservotr routing method is needed to apply to obtain the outflow hvdrograph.

2.1 Level Pool Routing

Level pool routing method is a procedure to calculate the outflow hydroyrapi
from a reservoir with a horizontal water surface, given its inflow hydrograph and
storage~ outflow characteristics.

[n this method, the variation of inflow and outflow over the time intervad is
approximated to be lincar. To develop the storage- outflow function, elevation-
storage and elevation- outflow data must be available. Clearly, if clevation- storape
data s not available storage- outflow function cannot be developed. As a result, lovel
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pool method cannot be applied. When storage- outflow function cannot be developed,
Runge- Kutta method, which is described in this rescarch, can be applied.

2.2 Runge- Kutta Method

This method is an alternative method for level pool method. It does not require
the computation of the storage- outflow function and is more closely related to the
hydraulics of flow through the reservoir.

In this method, the continuity equation is solved numerically. Various order of
Runge- Kutta schemes can be adopted Y. A third order scheme is chosen in this
research, This scheme involves breaking cach time interval into threc increments and
calculating successive values of water surface elevation and reservolr discharge for
cach increment.

The continuity equation is expressed as:
ds .
=TI QMO+ (PO -TN*A (1)

di

Wlhere

NSO the storage

() = the inflow hydrograph

Q1) the outllow hydrograph

P (4} — the precipitation onto the reservoir surface
(1) the evaporation fron the reservoir surface
A the water surface arca at elevation 11

The quantitics of evaporation from AL- Adheem reservoir are Irequently
higher than the quantities of precipitation onto it as shown in table (1). The last term
in the continuity equation is neglected (o represent the worst case and the continuity
cquation beconies:

_fi-“» 0= {2)
Jdt ‘

The change involume, ds, due to a change i elevation, can be expressed ns
ds=AQDAT (3)

. (2) s then rewritten as:
dIT 1 - QD
dt Al

The solution is extended forward by small increments of the independent
varkible, time. using known values of the dependent variable 1. For a third order
scheme. there are three such increments in each tinie interval At and three successive
approximations are made for the change in head elevation, dil

I(t ) - Q(H
M)y

Al =t S s (<)
AT)
A AlL
KH+QH—QUh+~;H
_ 3 3,
AH = ATT At L (&)
AGH, 20
24t 2AH2
I(rj+7---)—Q(I-IJ+— 3 )
All, = 2 Al v 7
s 2am, )

A(HJ -+ —ﬂ‘“—)
ol
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AH = f\.‘?—* 4 3—-‘5% ........................... B ()

Ho = U+ AH e )

3. Application of Runge- Kutta method on AL- Adheem Reservoir
In order to apply Runge- Kutta method on AL- Adhcem rescrvoir, the
following must be determined:
- The water surface area versus elevation relationship.
. The inittal conditions,
- The inflow hydrograply.
. The clevation- outflow relationship.
hen caleulations proceed.

—_— e e P e

3.1 The water surface area vs. elevation refationship
The water surface arca- clevation data is available and presented i wable (2.
Nonlincar correlation nicthod was used by Ali Ahmed P and found the folfowing
cquation:
A 1024 x 107 (Elv =832V v 1269 (10)
Where
A - waler surface area at elevation (Elv.) in sq. km,
Elv. water leve) in the reservoir with nt asl.
‘The coefhicient correlation of this cquation is R 0.9986.
3.2 The inttial conditions
a. Intlow = outllow =0
b Water surtace level in the reservoir -+ 13150 asl which s the normal vperatton
Jevel,
¢ The outflow from AL- Adheem dam during routing is assumed 1o be thraueh die
spillway. The other outlets are assumed o be blocked for any reason. This
procedure is normally followed sinee it does not depend on any hunan regubation
during routing.
3.3 The inflow hydrograph
The probable maximun flood (PME) presented in table (3} s chiosen o be the
inflow hydrograph. This choice is made sinee it has e maxinum peek discharee.
3.4 The elevation- outflow relationship
The outflow discharpe is assunied 1o be only through the spillwav. The
spillway discharge cquation is @
Q 29490 (1)
Wheie _
() = the dischurge in m’/s
H = The water surface elevation above the sill of the spillway in m,
3.5 Caleulations )
According to the available data of the PMIY hvdrograph, the rowting interval 15
At =0 hrs = 21600 sec
I(y), I(, + AV 3), and I(t, + 24U3) are found by lincar interpolation between I(t)
and I{tj.|) as follows:
I+ AV 3) = I() + (1) - I(t)) 3
(24 3) = I(t) + (I( 1) - 1)) X 2/ 3
I[(4)=0,I{t+)=20m7/s
I +AY 3)y=1(0 +6/3) =1(2) -




M-8 :0 ] 7 ahall 78 ,cg_-L—_H / JLr Ei:ﬁL; dha

{(+2A03) =10+ 2x6/3)=1(4)
(2)=0+(Q20-0)/3=¢067m's
(H=0+20-0)x2/3=1533m" s
The discharge is found by applying Eq. (11)
Q(H;) = QM) = Q(0) = 0
The arca is found by applying Eq. (10)
Elv. = H;+131.5=131.5m asl
A(131.5) =135 x 10°m*
Then
AT = (0= 0y x 21600/ (135 x 10%) = 0m
IV AL/ 3=0133=0m
Q(H; + AH/ 3) = Q0) =0 m/ s
v H + A/ 3+ 131.5=131.5m asl
A(131.5) =135 x 10" m?
Al (6,67 -0) x 21600/ (135 x 10%  0.0011m
I+ 2A1G/3 =04 2 x 0.0011/3 = 0.0007 m
Q(0.0007) = 0.0005 m'/ s
Elv, = 0.0007 4 1315 131.5007 m asl
A(131.5007) 1355 10°m”
AlT; = (13.33 - 0.0003) x 21600/ (135 x 10%) = 0.0021m
Al = AL/ 4+ 3ATTA
=004 3 0.0021/ 4 0.0016 m
Lo = I = Al ‘
=0t Q0016 - 0.0016 m
QULOOT6Y  0.0019mY s
Toapproximate the results to two gures, G = 0.00 ne s
The routing caleulations for subsequent periads follow the same procedure and
the results are presented in table (. Graph (1Y shows the inflow and outflow
hydropraphs.

4, Conclusion
I'rom table (4) and graph (1). the following are concluded:

[, The maximum outflow discharge is (1126.88) m'/s. 1t is less than that of the desipn
requirement which is 1500 m¥/ s. As a result, the spillway needn’t to be gated.

2. The peak inflow of (12780) m*/s at (210) hr is redieed to (1126.88 Y m /s GO
at {(276) hr,

3. The range of application of Eq. (10) 1s from (100) m asl 1o (143) m asl und it is
found that it is sufficient since maximum elevation is (142.84) m asl.

4. Overtopping failure shouldn’t occur since the elevation of the dam crest is (146} m
asl and the maximum water surface elevation is (142.84) m asL.
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Appendix 1: Graphs and Tablcs
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Fig. (1): Inflow and Outflow Hydrographs

Table (1): Mean Nonthly Precipitation and Free- Water Surface Evaporation

{8}

from Adhaim Reservoir '™,

(8| mﬁa; |l’nrp_1[_m on (mm ). E _ bva p_f__)_f_'ul um_(m_m}
Oct. | 7 N
Now 34 ) 7Y i

------ Dee o - 48 o B 37 B )
~Jan B 63 “ B 40
Teh, o 49 _ _;_ (Jl____.
© Mar 62 110

'}\pr, 30 L L 15_1—_

May 16 _2_?_(; L
Jun 0 328
Jul, 0 362 |

Aug, 0 B R L
Sep. o 227
Total S 2100 3

_; Mean 26.5 175

R




Table (2): Topographic Features of Adhaim Reservoir (Gased o o~
Commission for Survey) (2.9,
m&,\ ation {(m above msl) [ Area (sq. km.)
100.0 3 —
110.0 28
115.0 41
118.0 52
120.0 | 60
1250 83

B 130.0 22
131.5 135
13s0 B
140.0 233
] M0 210

Table (3): “Probable Maximum Flood at Adhaim- Mouth”
six- hour ordinate in cumees &

~ Date L\«] T Dae 1My Date | PMP [ Daw | pai |
Mar, 26| - ] e 930 | Apr.o 180
L 20 R _ 30200 | LR
I T N R FT N T 70N ERUIOE
B 290 | N S S N B
) 1w 3 | 6o [T ' -
27 o101 90 | gm0 T 7 T e T
e [ S Clsso [
I e 7 T Rt ) | waso | ook
- 710 | a0 | T o
T - 20 4 270
I T BT R e 20 Low T e |
TS50 _'_'"'"_ I R U T
Ao fApet | 700 | ‘ i ‘
400 T L ! -
N N s670 0 |
o4 3 ! - 170 — _ 4":)_”0
] 300 f 3290
[T os0 2 [Tase | T aast |




Table (4): The routing results of PMF hydrograph through AL-
Adheem reservoir by Runge- Kutta methed

* T 0ol A ahall Zapeind pgledl /]l derls ahe

Time Inflow Depth Elevation OutNow
(hr.) (m/ s) (m) {m asl) (m'/ s) L
0 0 0.00 131.50 0.00
6 20 0.00 131.50 0.00
12 00 0.01 131.51 0.03
R 290 0.04 131.54 024
2 o7 0.14 131.64 1.56
30 1020 0.30 131 80 s
36 870 0.44 131.94 82
2 T 0.57 132.07 1258
48 | e 0.67 13217 | 16,69
54 sso ' 0.76 132.26 BICEE:
e 180 0.83 13233 | ovas
I R 0.9 13240 2500
R 110 0.95 132,45 U
78 300 0.99 132.49 I
s 250 K 132,53 3078
.‘ 0 210 1.06 132,56 ]
- 96 170 1.08 132,58 319
102 L 110 132.60 103
108 I il 132,61 34406 |
| o0 112 13262 [ wsar
120 00 AE 132.63 R
126 40 L1 13263 35409
132 20 113 132.63 3545
38 0o L3 132.63 3:27
R 0 R 132.62 535.03
) 10 R 132.62° 382
136 30 112 132,62 EERD
R 170 113 132.63 ST
168 430 1.17 132.67 37.17
17 030 1.26 132.76 41.78
150 2020 117 132.97 52,59
186 3970 1.89 133.39 76.71
192 6740 2.62 132.12
198 9700 3.67 135.17
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Table (4): The routing results of PMF hydrograph through AL-
Adheem reservoir by Runge- Kutta method (Cont’d)

204 11880 4.93 136.45 | 3oy
210 12780 T 6.29 - 137.79 46515
216 12170 7.53 139.03 600.00
222 10720 R.58 14008 T
208 8960 9.4 140.9] 835113
234 7200 10.05 147.55 038,87
240 5620 10.51 20T o
246 4320 1084 234 | ey
252 3290 11.06 _Hase ] oss T
258 2450 el 270 e
264 1860 EEED IERTENT N T A
270 1420 11.34 TR 1sas
276 1070 1134 dst [ rmess T
g 800 11.33 _v283 T gy
sy 600 11.30 CTa2k0 T ies T
TN 30 | s ﬁ?_-iﬁ__jL_iL?f’-"-'-'*”___. _
300 _ 280 .19 269 e
300 170 1L 2ol TR
I o _ I
{ 312 90 P10l B O e desra
s 20 1095 ) _HZdAs | 1oeser
| 21 0 s L REY A BT
|___3_1J______ 0 L S I Rt [SNENEE

Appendix 2: Program
CLS
DEFDUBL A-Z: DEFSNG [-.
DELY = 21600
N =56
DIM TN IIN), BN EL(NY, O(N)
T(D) 0 H(LY = 0:EL(1)=131.5: O(1) - ¢
FORJ=1TTON -]
TE+ 1y =T3U) - 6: NEXT

OPEN"I", I, "H.DAT"
FORJ=1TON
INPUT #1, [(J): NEXT

CLOSE #1
BS = "HEE fid  HRHE GEEER R

OPEN "Q", 2, "RES.OUT"
PRINT #2, "TIME  INFLOW DEPTH ELEVATION OUTFLOW"
PRINT #2, USING BS; T(1); I(1); 11(1); EL(1); O(1)

ave
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FORI=1TON-1
=N+ + - (/3
R=H+2* T+ D -1In/3
Z.=H{I)
GOSUR CAL
M= -Qy*DELT/ A
Z=H{y 4 /3
GOSUR CAT.
2= -Oy*DEYLT /A
ZEHM R 2411273
GOSUB CAL
M3=(2-M*DELT/ A
DELF = 25 *% T[]+ 75 %113
H{I - 1y - H(Dh -+ DELH
ELACE Ty T -1y +131.5
O+ 1) - 2949 * (T1() 4 IN~1s
PRINT /2, TISING 138 T+ D 100+ 1 THT + 1y EL(P-H 1000+ By
NEXT I .
CIL.OSE
END
Pk o o ok Rk o kO o HOR  ok ok E F k okOk o ko K kR o o ok R
CCAL'COMPUTING AREA AND DISCHARGHE
ook o o ok ok o ko o AOK R e ok ok ook o o ROR o kR
O 2949 * (73~ 1.5
A=/ 4 1515 -83.2) 73,49
A1 0001624 1-12.69
AARIONG
RETTRN
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