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PROBABILITY OF FAILURE TO
ADHAIM RESERVOIR

Avad Kadhum Hussein
Collewe of Engineering, Kufa University

Abstract _

Ly this study.ihe Moran steady -state method of capacity vieid analysis s
applicd to the Adbaim reservolr. The ultimate objective s applicd to Iind the
probability distribution ot the reservoir contents (including e prohahility: ol
fatlurd)undergiven tefease rules.

According to previous studics on reservoir behavorr i the L. Australia and
some other countrics. it way lound that theNormal JLog  normal . Gamma and
Pearson Gype 11 distributions appear better than the other theoretical distributions in
describing the empirical  distributions ol nfiow data 1n this study two statnstica
distribution have been abopted for the analysis the Gamma distribution and Pearson
type TH distributions.

1. Fatroduction
Morans Moethod requires e division of the resevoir contents mio @ pumber -
size Ustates” usually in the range of 10 0 20§11,
Than L ostarting with @ given state | the probabitity of finsshing 1n prarticular
distribution.
In the present study L the Adhaint reservolr capacity of a0+ 0" million cuhic
meter is divided into cleven equal states as shown i figure o
The Moran approach involyves constuction o probibiity tansition FIRIFARANIE
deseribe all the possible ~“heginning™ and “end ol v storage combinalion o lies
matrices have the property of attainimg a steady  state that isdbe nuhividual cotumns
ol the matris temd to beeome identical alter repeated arnual tansitons, s moens
Uit the contents ol @ reservair after o peried ofar moestiwensy seirs: hecome
independent of the initial contents| 2],
Moran assumed that inflow occurred only during the wet season |, ad tha
watter was released only at a difinite Gme cach year during the dry season [ 3]
1o L) the approximate wet and dry periods seems to be November Aprl and
Moy October respectively,

2. lu flow of the Adhaim reservoir .

Records ol mean monthly flows of the Adhaim river are Bsted o table (1) [T
values given in the table for the period 1937 1o 1963 represent the fows at Injuna
canging station [4].while those for pertod 1966 to 1993 correspondmg o Hows ar
Narrows staiion . Both stations are located upstream of the dam site | the Injana
station being the nearest to the dam . Narrows station s located ubout 4 kifonteters
upstream ol the {njana station.

The drain water of the drainage system contribuies w the totul inflow 1o the
reservoir by the amounts given in table (Za).

The operation study of the Adhaim reservoir [5] suggested that certain quantitics
of water should be drawn from the Lesser Zab river to contribute to the total inflow to
the Adhaim reservoir of 100 % and 130% are given in table ().
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Table(1)Mean Natural Inflow to Adhaim Reservoir (in cumees).
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Table (2

.

Adhaim Reservoir in cumecs

e 0 azedl A abal Feanien ,a'a_-l:J: / J.LJ .:L:_.:|_\ r'j_|_\_c

aj Mean Monthly Return Flow and Transfer Flow from Lesser Zab to

"Nonty _ |I\L111n Now |_ Iu df \dd [.m.dl I m\\“-__-ll
o Moz JCamalflow T ]
L Oer 16.72 REN IEEE o0 2637
l Nov } 1278 R e e 2019 |
Do | oS s T T T s T _'.___|
L dan 8.4 SR v L T S _!_ RIREIE
FLeb) _‘ s e P20 1 2st o  Tsad
[ Mano T a8y ] e Tisas 2
R N D KT B Y (R R ¥ E
o NMay 2402 0 3065 |83 Lo a023 ‘“% ]
| Jon. | RS ! 29.6]__ %0 Aoy 3 w)!
‘ et oy T ag RV L N v A 1/3 _‘

A ] I862 | 2435 ] _7uo __} N I 0 B

Sep. oS LSS0 oes T Ty T ’*(, o6 |
- ol 1 10703 | 20380 | S08 . 24921 | 1797 T
I L O A L I S 15 2 2650 |

Table (2a) Mean Monthly Water Demund Requirement Down Stream of Adhaim
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L= Crop Intensity
Comp = Compensation Water = Sanitation Water
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3. Water demand

The estimated mean water requirements are tabulated in table (20),

4. Effect of Meteorological on Processes on the Reservoir Storage:
Lvaporatton decreases  reservoir storage  while precipitation  incroases i,
Observations for the Adhaim area reveal that evaporation rate excecds precipitation
rate considerably for most of both the wet and dryscasons are shown in fuble
(3). Themethod which is used in this study to compute the net seasonal deceas in
starage due to evaporation and precipitation is ilustated as follows [0} '
V-A(E-P)
Where
VoVolumetrie decrease in storage (m‘]
A Arca of waler surfiee(m’)
b ovaporation {m)
P Precipitation (m)
Decrease in storge for the wet season
0354100478 0.295 )= 11.62 % 10" 1

Decrease un storage for the drv season
= O ATIOT.60 — 0.023 )= 10153 * 10 ny
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Table (3) Mean monthly precipitation and free — water surface evaporation
from adhaim reservoir .

S. Obtain the transition matrix:

From past indlow records | the probability distribution ol tuture intlow is
deduced by fitting a theoretical distribution to the inflow values . Then starting
WL TOsCrVolr contents Al a buse vear | the contents of reservoir bevoime

mdependent of the mitial contents [ 7

Tow satisfied distribution are fitted in s study Gamm disteibution and Pearson
desteibution type TS, The Year is divided into two season wet and dey . o
Adhalm reservoir, the moment estimates of location and dispersion parameters of net
addition to storage (NCALS ) values are as tollow

5-1 Wet season
Lo Mean of (NLALS) = Mean intlow — (Demand +lvaporation --
precipiation) _
= 1013.52%10" [340.2%10° " 11.62%10°)
= 661.7%10° nv’
2. Standurd deviation of (N.A.S.) = standard deviation of inflow
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=470.457% 10° m* . The next step s obtain the probability distribution of e
addition storage byy using Gamma distribution and Pearson type 11T distribution,
The distribution function Fixyof Gamma distribution [8] is

]

Foy -
1M

J‘: R CNP=xh 3oy

Where

vooseale parameter

b= shapa parameter

The distibution funetion Foay of Peuarson tvpe HI distribution [9] i

I Ay 1 l—y—x
Fixie - [ | expl D]
Lo lehy ey | |

[

Where

S Lower boundary

The fiwing of a disteibutjon requires the estimation of jrs parameter
From the observed values Dy using maximun likelihood methad [9]

I | Cramma

| Pearson epe 11 T T
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Talle 4 and table 5 showed the vidaes of probabitity of net addition to
storage for both wer and dey seavon by Gammey

-2 Seasonal transition matrices (Gamma) Distribution
A Seasonal trimsition matrices which sives the probubilite of he
reservolr heing in anv of the stites of storage the end of (e season it the season
bepins with the reservoir being incach of the Sz states tuble (6) represeil (e
Welseason miateis and 1able {7) represent thr dry season matry [T0 1t

S-3 Aomual transition nuatrix {Gamnea distribution)
Acconmtbination of the two half - yearly mutrices by muttiptication | gives the
vearlv ransition mateix table (8.

S Attainment o fsteady - state nrobabilities (Gamma distribution)
Toattain the steady — state probhabilities | In this study the method of pawering
up the transition matrix s used table [9] Fepresent the steady — state matrix {(the
cizht vear matrix Yrom this matrix we found thay the probability of failure 5 3%
which is the commonly acceptable range (1-5) %% {17 by 1he same way Pearson type
N distribotion is used and we found that the probability of failure is 62 which iy
sichily maore than deeeptible range,
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Table (4) probability of N, AS. based on Gamma

Distribution for the wet season
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Table (5) probability of N.AS. based on Gammu
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Table

£7) Dry season Matrix (Gamma Distribution)
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0. Testing the Gooduess of fit

The gooedness of it of a probability distribution can he tested by comparing the
theoretical and sample values of the relative frequency or the cumulative frequency
function . Two indices of poodness of fit anamely the Chi-square and the Kolomogroy-
shrimov tadices | are caleulated and the results wre presented on the hvpothesis of
Ganvina and Pearson distribution in table (10) and table (.

T.Conclusions:

Lo Incase of Gamma distribution. the probability is 2.9 % which fulls swithin o
conumnonly accepluble range of (1-3)%.

20 Inease of Pearson distribution, the probabilityol fatlure s 0.3 %o, which s slrghtly
-more than the ranve,

2o The Chi-square and the Kolomogrov-smirnoy shown that © the two distribution are
aceepled only for wet season | this mean that the goodness of 1 tests alone are
unsatisfactory tor judging the best it distribution. also from the resulls, we ean sew
the Ganuma distribution s preterred to Pearson (ype 111 distrilbution.
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