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ABSTRACT

The Iraqi Government is seriously considering the construction

of a dan on the Euphrates River near the town of Haditha to better
control water for irrigation on the Mesopotamian plain, to generate

hydropower and to alleviate flooding. The objective of the present

study was to estimate the magrritude of possible losses from the reser-
voir due to seepage and evaporation.

To estimate the !,ater balance for the reservoir, all components

mrst be esti-rnated. Inflow was estinated based on the historical flow
regine of the river but adjusted for the water requirements upstream in
Syria and Turkey. Evaporation from the reservoir was estinated from

Pan evaporation data. Seepage losses were estimated by the Green and

Ampt approach for infiltration. Complexity of the reservoir bed soil
and linited data allowed only rough estinrates of the water balance

components.

Annual expected evaporation losses from the reservoir was

estinated to be 1.47 kn3. The estinated seepage from the reservoir
averages 0.47 furs/year for 11.5 years. Therefore, about 14e, of inflow
to the resenroir will be lost through seepage and evaporation for the
first decade of operation.

Further hydrological and geological studies are required before
the feasibility of the project can be accurately assessed.
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CHAPTER 1

INTRODUCTION

The Euphrates River, originating in syria and Turkey, traverses

Iraq from the northwestern boundary to the Arabian Gulf after joining

the Tigris River, a distance of 1200 h in Iraq (see Figure 1). water

from the uncontrolled river has been used for centuries to irrigate
millions of hectares of the Mesopotamian plain. Flood,s and water

shortages have been frequent causes of damages and cropping constraints.

rn addition, the recent construction of dans on the river in slria and

Turkey have influenced tire river regime in lraq. The Iraqi goverrurent

is seriously considering the constrrrction of a reservoir within Iraq

to more effectively control releases for irrigation, to generate hydro-

power, and to alleviate periodic flooding.

Several alternative dam sites have been evaluated by engineering

consulting firms. These investigations prior to April 1975, narrowed

the alternatives to a site near the village of Abu-Shabur, 7 lan upstream

from the town of Haditha, r+hich is 260 km northwest of Baghd,ad. The

final site sei.ection was based on several complicated physical, econon-

ical, and geographical factors. The najor factors being:

1. Geological-engineeiing conditions;

2- Topography, allowing a live storage capacity of s-7 km3;

3. Power generating capacity;

4. Capital investment requirements; and
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Figure 1. Map of the Euphrates River



5. Containnent of the

risk of danages in

The selected reservoir site is far
length of the dam, the high surface

and the karst formation which bounds

However, the selected site appears to
factors are considered. The project

resenroir entirely within Iraq to avoid

Spia.

from ideal because of the required

to depth ratio for the resezvoir,

most of the reservoir area.

be the most feasible when all
is commonly referred to as the
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lladitha project and has an estirDated cost (1973 prices) of 270 mil.lion
Iraqi Dinars (U.s. $910,000,000)

untir 1974, the main water consunption in the Euphrates basin
was concentrated in the l0wer reaches of the river in lraq. At the end
of 1974, both the Keban hydroelectric project in T\-rrkey and the Tabqa
proj ect in spia were put into operation. The reservoirs of these two
projects have a combined live storage of about 2r lmg. The existence
of these projects will reduce the natural fluctuations of the river f10w
and decrease the annual flow of the river into rraq. To nanage the
river flow in Iraq to meet prescribed schedules, an agreement with the
governments of Turkoy and Syria on the regime of water releases from
the two da:us nust yet be developed.

At present there is only one regulating resenroir for the river
ln rraq. It is the Habbaniyah Lake with a live storage of 2.26 *s.
The ltraditha Resenroir may be considered the second irportant regurator
of the river in rraq' I'tith the Fladitha Reservoir the total regurating
capacity in rraq wirl be: 2.z6 .on3 for lrabbaniyah Resenroir, and-'6'20 hls for the proposed lhditha Reserrroir, giving a total of g.96 lmg.

I

:

:
I.n
1
I

*

,{
-l

'l

i{t
't

i
t
{

.J

,
.T

I

i
at
.1'

f

,tt{
d

:l
,.1



I
l

t

:

I

-*

t

The total rese::rroir capacity is still less than the req;r,rired holdoyer

capacity after the expected abstractions of water in Syria and T\5key.

Other means of augmenting the water supply of the Euphrates River

incl.udes transporting a portion of the flow of tho Tigris Rlver to the

Euphrates via the Tharthar depression.

The Euphrates River

The Euphrates River starts at the confluence of the }furat and

Karasu Rivers in Turkey, 10 kn north of the town of Keban. These rivers
originate in the A:menian uplands at an altitude of over 3000 m. The

Euphrates flows mainly in a southeasterly d,irection through the terri-
tories of Turkey, syria and rraq. The Euphrates and the Tigris Riyers

join dounstrean of the town of El-Qurna to forrn the Shatt-al-Arab River,

which flows for 195 laa before discharging into the Arabian Gulf. The

length of the Euphrates frora Keban to El-Qurna is 2210 I<m. The change

in elevation of the river from the Syrian border to the confluence of

the Tigris, a distance of 1005 lm, is 163 n, or an average slope of

0.016% (rraqi l.linistry of Economics and corrnunications, lgss).

The mountainous part of the Euphrates basin in Turkey is charac-

terized by a highly developed drainage netr,rork and is the principal

source of nrnoff to the river. The catchment area above the town of

Keban is 64,000 kn2. The average annual precipitation is gsO mm.

Three inPortant tributaries join the Euphrates on the desert

plateau in Spia. They are the Sadjur River (catchnent area 2,gSO k 2),

the Balikh River (14,400 lrn2), and the lGrabur River (g6,900 t*2). The

Sadjur enters the Euphrates above the Tabqa dan and the other two enter

bei.ow..
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The historical average flow of the Euphrates at the syrian-

rraqi border ts 870 cunecs (mSlsec), the rnaxirmrm recorded flow is

.7,4a0 
cunecs, and the maxirun discharge of 0.01* probability ls 1r,500

cumecs. No sizeable rivers enter the Euphrates in Iraq.

The river width at lladitha, near the proposed project site,
varies fron 200 to 1100 n with normal flows ranging from J00 to 71390

cunecs. The depth ranges frorn 2 to 10 m or nore. Velocities vary fron

0-2 to 3.0 n/sec. rhe catchment area above lraditha is 234,600 knz.

Near the towir of Hit, 80 lm below lladitha, the river enters the Meso-

Potamian Plain, thc main agricultural area. At Hit the river varies in
width fron 150 to 500 m, the depth from 2 to l0 m, and the velocity frour

0.5 to 1.5 m/sec.

rhree rnain periods in the annual flow of the river. can be

distinguished:

1.. High water (f1ood) -- March-July -- 70% of flow;

2. Low water -- August-October -- lO% of flow; and

3. Rainfall high flows -- November-February -- 2e% of flow.

The highest water levels normally occur in April and May, but for sone

years' rainfall ani thawing of snow in the mountains result in floods

in March and even in February.

The above data are given without consideration of the regulatory

effects of the two recently constnrcted dams in T\rrkey and S1aia. These

projects have significantly altered the regirne of tho river, especially

during the filling of the reservoirs. The long te:m effects are uncer-

tain at this tine.
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Proposed Haditha proj ect

The reservoir of the Haclitha project will have a rength of
130 to 155 lsn and will submerge several towns and agriculturar areas

along the river. The ground levels in the reservoir area ranges fron
102 to 190 m above nean sea 1evel CMSL). Four terraces exist inter-
mittently in the river valley. The flood p1ain terrace occurs in
stretches 0.2s to r.o bn wide and 2 to s m above the river on both
sides a,ld around islands. This terrace slopes toward the river and is
usually inundated during the flood season.

' The next higher terrace runs continuously on both sides of the
river and on some of the islands. Its width runs from 0.2 to 1.2 kn
and is from 5 to 7 m above the average river level. The rnain villages
and palnr groves are located on this second terrace. The third terrace
occurs in separate stretches rvith the largest stretch l0cated on a

river bend some 48 lon above the proposed dam site, and with an area of
8 by 2.5 km. The alluvir:m of the terrace is highly eroded. The fourth
terrace is nearry completely eroded away and can be traced only in
isolated areas.

The specific features of the planned

1. Reservoir storage capacity:

Total

Usable storage capacity

Irrorking

Reserve

reservoir are as follows:

6. 4 kns

6.2 |rl,nz

4. 0 km3

2.2 hn3

l$rtE:lnxtrrr-!*F,,F



2.

3.

Resenroir .surface area:

At no:mal head u'ater level

At operation drawdown level

At naxirmrm drawdown level

Rese:nroir dimensions :

Length along the river channel

Average width

Average depth

Resenroir water elevitions (above I,ISL)

Nornral head water 1evel

Surcharged leve1

teyel of operation drawdown at
90% probabitity

Level of maximr:m drar,rdown

Dormstrean water elevation (above MSL)

Ma:cirnr:m level at passing the flood
of 0.01% probability

Minimun average monthly level meeting
!.50 m3/se" s.nit"ry r"i".r"
ltla:cimum level at fu1l load hydro-
electric siation operation

418.4 kmz

2?O.O t@2

35.0 h2

130.0 lxn

3.0 }m

16.0 ktr

143.0 m

147.0 n

129.5 m

112.0 n

109.0 m

100.5 m

103.5 n

4.

tr

Obj estirres of the Studv

Although engineering studies have been made for the proposed dan

and rese::voir, several critical questions remain. The purpose of the
prEsent study is to nake a more complete analysis of possible seepage

losses when the rese:r,roir is filled and the extent of evaporation losses



ln relarion to the surface area and storage capacity of the reservoir.The rnagnitude of seePage and evaporation rosses over time are criticalto the feasibility of the project to meet irrigation requirements.
seepage is e4pected to be an inportant factor because of the geol0gyof the region' Evaporation l0sses is expected to be great because ofprevailing climatic conditions. The present study concentrates on the

;;l"tr 
water balance as can be deterrained by the linited available



CHAPTER 2

GEOLOGY AI{D HIDROGEOLOGY

. General Geologv

The proposed reserrroir site is located within the rnargin area
of the northern slope of the Arabian-African platform where it borders
the Alpine forded zone. previous investigations (Technopromexporr,
L974) have rgt'ealed complex geol0gical cond.itions at the site. There
are faulted strata of limestones and'dolomites with occasional karst
and containing a considerable anount of heterogeneous varieties. The
folded structure is referred to as the southwestern limb of the near

phrates trough __ gentle sloping syncline of the first order. This
limb of the trough, with an average strike azinnrth of 3I0_J30o and
angle of dip of 1.5o to the northeast, has a nunber of gentle folds of
the second and higher order.

Tectonic disl0cations with a break in continuity were not
obsenred at the proposed dam site. However, fractures were found
the south near the town of Hit and to the northwest near the town
Rawa.

The upper part of the geological section of the reservoir area
consists of the Lower Fars series and the upper bench of the Euphrates
series. They are highly deformed due to lrgypsum tectonics,, (defo::nation
caused by changing of rock volume when anhydride turn into glpsun) and
have folds with amplitudes of s-r0 m and numerous fractures. Ber.ow
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these series are the deposits of the niddle and lower benches of the

Euphrates series and are deformed only in some places and to a lesser

degree than the overlying series.

snall joints are prevalent but are well traced only in the

strong rocks (lirnestones). There are systems of steeply dipping joints
of the northwestern and northeastern strike and near horizontal layer

interfaces- The joints of the upper portion of the geological. section

are often g)?sun fi11ed with a width of up to s cn. The carbonate

massif is characterized uith significant heterogeneity and changes in
the vertical and horizontal direction.

Stratigraphic and Lithologic Description

The region is characterized with widespread distribution of
Tertiary sedimentary rocks featured by considerably lithological non-

uniformity in different degrees of dolonization and complicated by

irregular leaching of the dolomites and gyasum as well as considerable

karst development. These reasons and the presence of gradual passing

from one lithological variety to the others aggravate the correlation
of rocks and la:nination of stratum into lithological benches (a distinc-
tive 1ithol.ogicaI unir).

The Quaternary deposits of the region are encountered rnainly

in the Euphrates River varley in the form of alluvial sediments.

Quaternarv Depositsl The Quaternary deposits are alluvial ones,

forrning the bottom of the Euphrates River va11ey, and alluvial-331p5
deposits developed on the upland divides and on gentre slopes. Eolian
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sediments are encountered within the first above-floodplain terrace and

floodplain as lenses of srnall thickness, and proluvium-talus sediments
occur at r*adi openings into the va1ley. As shown in Figure 2, alluvial
deposits are developed nainly within the floodplain ("r Qiv) and the
first terrace above-floodplain ("I Qtrr). The total thickness of the
sedinents does not exceed l0-12 m.

The sediments are loams, sands, and clays in the upper portion
of the geological section; below there are sands and gravel-pebble rocks
with sandy filrer. At some places r.oams are highly gypsiferous with
thicknesses of 2-3m. The bulk density of the roams is 1.2g-1.14 t/ms,
and the waier content is normally 1G.6-29.g% in January and February.
sandy loams bulk density is t.s t/n3 and water content
above data for physical properties and those to fo11ow

t
a,

il
4

!1
i,

is l4%. (The

are for individual
samples taken during exploration. )

Tertiarv Deposits; Tertiary deposits which conpose the sl0pes
and bedrock bottom of the va11ey down to a depth of about 100 n be,ow
the river bed are divided into four series, referred to as Baba and Ana
series ('ligocene epoch) and the Euphrates and Lower Fars series (Mio-
cene epoch).

In these deposits eight benches can be distinguished from the
viewpoint of their lithological stratigraphical characteristics (see

Figure 2 (in pocket) and Table 1). Briefly, they are (from top downward):
1. g"""h Nirr Lower Fars series -- Rocks of this bench are about

20 m thick, are considerabry deforned due to ,,g5rsum tectonics,r
and represented mainly by dolomite-calcareous marls and crays.
The rocks are highly gl2siferous; indj.vidual concretions and
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Table 1. Ltthologic-al Description at proposed
Dam Slte Cfrm Top to Botton)

Period Series Spnbol Thickness
in 6r)

Description

o
ho(d

.1, lr-
c,
'd t{
'o 0)o3EOt{ -1c)P.6trtrH(0

q
o,
+)

h(llokAI
g:

o
+., o(6o
ttdO l.{
tri rLF{Ao=
+J (II

Ul
(l)
+)t{cBOt{7sOtr{

E:=
trJ

d

dp
rd

CO

Nfn-z

nleu,

u11eu,

20-30

10-2s

16-18

25-35

Gypsr:m- limest one-Do 1 onite-Mar 1 s
Clay, and 0rganogenous fragments;
Hydraulic conductivity, SO0-4OO
m/day*, 2.45-.65 n/day

Dolomite, Marls and Clay; hydrau-
1ic conductivity 0.1 n/day*

Organogenous, Dolonite, Chalk-
like Linestone; hydraulic con-
ductivity 3.7 m/d.ay*, 3S5 m/day

Dolomitized, Aphanitic, Organci-
genous Li:nestone - Conglonerate-
Breccia; Hydraulic conductivity
48.50 m/d,ay*

Aphanatic - Fine - Crystalline -
fragmental Linestone with layers
of Clay; hydraulic conductivity
0.3 rnlday*

A1gal Dolomites with grain of
Glauconite; hydraulic conductivity
6.3 m/day*

Clayey Linestone and Marls

10-1s

Hleu, 20-25

5
Pan
3

3
P

2
bz-s

tlo,

o
o
U
o
o{

o

r Measured values



g?suxn intercalations, 2_3 cm thick, are encountered. Rocks ofthe bench may be classified mainly as dol0mite calcareous marls,with bulk density of l. g4_2.02 t,/n3, and water content of
25.6-30e,

g""h N.if, Lower Fars series-- This bench, more than ls mthick' is perneable and composed mainly of gypsum or anhydridewith individual intercalations of limestone, clayey adornite andmarl' 7-2 m thick. Rocks of this bench are intensively deformed
and envel0ped with gypsum karst. At some places, rayers ofg)?srxn and anhydride are broken into individuar fragments rangingfrom a ferv crn up to 2 m and cemented with weak, marly material.3' Bench ruiggy Euphrates series-- Rocks of this bench, 1s_2s mthick, occur above the uneven surface of the Ana series. Breccia

and congl0:nerate-breccia on calcareous-marly and dol0nite-
calcareous cement, frequently cavernous and karsted, are present
near the bottom of the bench. These rocks are overlain withaphanite and organogenous-detritral limestone, intercalated withorganogenous-detrital dol0mites, some times very tveak, turning
nto mud while drilling. Bulk density of the doronrites is 1.s7_Z.Zg ,/^3, h,ater saturation 4.75- 2l.S%. Bulk density of conglom_erate-breccia on calcareous marly cement is 1. gl-2.6g t/mS,lrater saturation is 0.g_1 O.g%.

4. lgfr""r, ,*fr."a", ,"ri"*- This bench, ZO_ZSn thick, ispermeable and c6slpesed nainly of weak, mealy, organogenous-
detrital d,olomites turning into mud while d,rilling. In the
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niddle portion of the bench, a uooliticrr key horizon is
encountered, saturated with foraminifera.

5' Bench Nreu., Euphrates series-- This bench, I5-2s m thick, is
represented mainly with breccia and congl0merate-breccia with
marly-cleyey cement. Aprranite and fine-grained limestones,

. 
sometimes dolomized and highly-jointed, lie above. Rocks of
this bench are 

,considerably crumpled because of ,,gypsum

tectonics". Dry bulk density of the dolomite fragments is
1;54-1'g t/:ir3 and water contenr of L0-22.3%. The clay marl
(serves as cement) has a dry bulk density of t.lz r/^3 and water
content of Z2.Z%.

6. Bench fjan, Ana series-_ The Ana series, 15-20 m thick, is
composed of hard, mainly aphanite and nicrocrystalline lime_
stones with diverse fauna of gastropods, brachiopods, and corals.
At sone places, the limestone is highly cavernous. The cavities
are frequently fi11ed with greenish or brownish clay with lirne_
stone fragments. Tests carried out on some samples showed the
following properties: water content _ 24.6-2ge"i dry bulk
density = 1'57-1'65 t/m,; and water saturation ratio = .gg.

7' gench PA, Baba series-- Rocks of this bench occur in the
bottom of tha section at a depth of 70-g0 n bel0w the river bed
(40-50 rn bcl0w the bottom elevation of the proposed dam struc-
ture). Thikcness of this bench is 10_15 m. The rocks consist
of clayey Iimestones and dol0mites with glauconititic granules
incLudions and individual intercalations of cray and marl. Bulk

fu-
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density of tested dolornite
z.to ,/^3 (tons,zm3] and in
z.s6 ,/^3.

satnPlcs in air dry state is 1.79-
water saturated state is 2.0g-

8' gench rib2-*Baba series-- The rocks of rhis bench (totalthickness J0_40 m) include organogenous-detrital, 
foraminiferaland calcareous dolomites, lnacroporous and cavernous of diversedegree of preservation. 

Some times while crushing rocks,hydrogen sulfide smell is evident. Algal 1imestones anddolomites with average hardness and sometirnes highiy porousoccur at the top of the bench. Considerable difference inindices of physical and mechanical properties of individualvarieties of dolomites can be explained by diverse degree ofpresenration. According to tests and analysis of samples, itis possible to divide the bench dol0mites into tr,ro categories:relatiyely preseryed and weak ones. Bulk density of relativelypreserved dolornies ranges betwr:en 2.22 and Z.4s t/n3. Bulkdensity of weak dol0mite varieties ranges between 1.54_2 .ts t/^3.

Karst deveropment in an"*lladitha project area is evident in all:ries, but nostly in the rocks of the Ana series and in the lowest:rtion of the Euphrates series. rn the Lower Fars series, karsting isaced in g)psun bearing deposits of bench fr. Karst channers areuiid in carbonate rocks of bench eur.

i

i
I

:

:

;

I
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'1 rntensive leaching arong pores in dolomite bench br-a of the
Baba series, eu, bench and partially eu, bench of the Euphrates series
is a specific sign of karsting.

Two types of karst are distinguished by age

a- 0lder Miocene karst in the lower portions of the Ana series
and in the Baba series nainly with clayey aggregate.

b- Younger upper pleistocene-Holocene karst in the rocks of the
Euphrates series, as rueil as the Ana and Lower Fars series.

Depth of Miocene karst development, traced by boreholes drilled
in the area goes down to. elevations of s2-s3 m (above MSL) and frequently
found in the intenral between elevations 60_70 m.

Young Upper Pleistocene-Holocene karst, ruidely extended in the
a is represented by three zones:

a- Right bank zone of regional karst of the northwestern strike
with big slump holes in the rocks of the Euphrates series and

with smaller karst forns in the Ana series limestones.
b- Traces of karst in carbonate rocks of the Ana series and lower

bench of the Euphrates series near the river bed.

c' Left bank zone of karst developed in gypsum of the Lower Fars
series.

There are large holes, open to the surface and

nai.nly on the right bank with the nearest ones

rj.ver. Some of the holes have running water at
cpenings of Large diameter,

up to 30 n deep, found

being only 2 knr from the

the botton through
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T'rrese karst zones are significant because of possible
seepage from the proposed reservoir. Karst channels range in
fron I to 30 m at depths of g to 100 n bel0w the valley f100r.

Fissures of northelrstern strike, soruetimes inclined, are found
in soroe holes- 

'ften 
the smell of hydrogen surphide is evident in

sinkholes. A11 this indicates that the separate karst channels are
controlled by echel'on-like fissures- These holes are rnainly found on
the slopes of wadis' This karst zone intercepts and drains the regional
right bank aquifer with partial unloading in Haj lan wadi (karst spring
with discharge of 1.7 curnecs). The contour of water table, presence
of springs in Fihami and Al Akdar wadis (1g and ZZ L/sec) at the levels
above the river stage, and thi: higher water ternperature at the spring
in rlajlan wadi' give the indieation that the Euphrates River water does
not enter the regional aquifer but the ground water discharges to theriver' After a heavy rain occurred on January 11, 1974,5-7 cr:mecs
fl0wed in Thanaya wadi but disappeared in one of the holes l0cated in
Talweg gorge' After heavy rains, the water in springs cools down and
carries suspended material, indicating open channels through the rocks.

Hvdrogeology

There are two aquifers in the area of the proposed resenroir:
the alluviar aquifer and the .rigocene-r\riocene aquifer (Technoexport,
1971).

The alluvial aquifer is located in the sand_graver deposits of
the Euphrates val,'ey bottom under the f100dp1ain and the next terrace

water

diameter
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above. The aquifer thickness does not exceed 5_6 n and is
from ilre river and the Oligocene_Miocene aquifer. It is anaquifer with the I'evel 0f the water table influenced by the
lrater in the river. llowever, this aquifer is hydrauJ.ically
the regional 0ligocene_Iliocene aquifer.

The oligocene-Miocene aquifer which is regionally devel0ped isconsidered the main aquifer in the reservoir area. The thickness ofthe aquifer is 20-50 m. It is related to the jointed and intensivelykarsted dol0mites and linestones of the Ana and Baba series. rts re- .charge is from the seepage of rain water and is drained by the EuphratesRiver' The waer table s10pe toward the river from both sides does notexceed 0' 002, and within the limits of the river bed karst devel0pment,the slope increases to 0.005. Figure S (in pocket) shows the groundwater contours in the reservoir area.

The ground water of the 0ligocene_Miocene aquifer discharges tothe Euphrates River through springs in the karst zones. rmportantsprings are Haglan, Fihamy and Akdar with discharges in January, 7974,of 1'7 cumecs, 27 L/sec and rg L/sec, respectively. The springs dis-charges do not influence the river f10w significantly (see Figure 4,ln pocket) ' but they do influence the chemical composition of riverwater, such as the chl0ride, carbonate, magnesium and calcium contents.Mineral composition of spring water varies from 3 g/L to 6 S/t with theminimum concentration observed ruithin the karst region where water movesmore directly from surface flows.

recharged

unconfined

level of

linked to
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m/day.

and eu,

Water novcment in the

llaximum values of the

Euphrates benches.

aquifer ranges

velocities are

from 0.L n/day up to 48.5

observed in rocks of.Ana



CHAPTER 3

RECIONAI CLII\IATIC CHAMCTERISTICS

General

The climate of Iraq is mainly continental and subtropical. In
the extreme north and south of the cor:ntry the climate is, respectively,
mediterranean and wet tropical. Throughout the year the ptevalent air
mass over rraq is continental, tropical air. In winter the cyclonic

activity develops and the passage of ,fronts'r result in precipitation.
In summer thermal. depression centers occur over Iraq (frontless alnost

not moving, region of low pressure) and transformation of air masses

and the formation of tropical continental air take place.

Dry and hot sunrners, rnild winters and low precipitation are

the general climatic features of the Haditha Resenroir area. 0nry

scant data are available tp specifically characterize the climatic

;
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eondttions of the area.

Ihe nearest data sources are

Haditha (lat. 34" 04r, Long. 42" zll

for the rneteorological stations at

, Elev. 140 m) and Ana (Lat. g4o

28', Long. 41" s7t, Elev. 150 m). The data for Ana consist of ninimum

and.na:cimum air temperature since 1967. Data of precipitation at Ana

are also available for the period 1935-1956. For Haditha, air tempera-

ture, wind'velocity, relative hr:nidity, and precipitation data are for
the period of 19s7-Lg44, but with some rnissing data; since tg7z,
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complete data on precipitation, air temperature, wind velocity, and

relative humidity are availabl,e.

The nearest locations to the proposed reservoir area with con-

plete and long-period climatological data are the Rutbah neteorological

station (Lat. 33o 02,, tong. 40o L7', Elev. 615.5 m) and the Habbaniyah

statlon (Lat. 33o 02r, Long. 43" 341, and Elev. 43.6 rn). Data of

preclpitation, tefirperature, huuidity, and wind velocity are available

since 1928 for the Rutba station and since 1935 for Habbaniyah station

(Iraqi Ministry of Corrnunication, 1962).

Air Temoerature

The mean annual air temperature in the region of interest is

19-23oC. The mean temperature in January is 7-\0"C, and in July it is
30-35oC. Table 2 shows the nean monthly and annual air temperatures

recorded at the Rutbah and liabbaniyah rneteorological stations and

calculated for rladitha. The data for Haditha were obtained only at

6 a.an. daily. The nean shown in Table 2 for Haditha were obtained by

adjusting the data from the other two stations by using 6 a.n. readings.

Tho measured data for 1974 and 1975 only for Haditha are also shown in

Table 2.

Table 3 shows the nonthly naximrm and minim-un measured tempeta-

tures for 40 years of obsewations at Rutbah and llabbaniyah.

Wind

:!':
i

. Through the year westerly

north winds occur more frequently,

quency of wind direction and rnean

winds are prevailing. In sumer,

south wiads are.rare. Annual fre-

monthly and annual wind speeds aro



Table 2. Mean Monthly and Annual Air Temper"au". (C.)
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Table S. Minirum and Itfa-:ci:lum Measured Air Tenperatures (c')

Meteorological Stations

Rutbah
Habbaniyah

Month Maximurn Mininr:m
Ma:riman Minimum

:

i
:

:4

,i

i
I,.t
;a.,

f

t
{t

.{
J

d
t
I

,.

I
I
I
i
1

{
I
'+
,rlr
t1fi
{
'l

.-r I.l t
r)?

tI

!t. ,I
,r
i
:i{

i.i

J

F

M

A

M

J

J

A

s

0

N

D

Anrnral

2s

32

3.-6

39

42

44

46

45

45

38

35

26

46

-14

-10

-6

-2

5

72

74

15

o

0

-6

-9

-74

26

30

35

4t

47

49

51

49

48

42

35

3l

51

-9

-t

-)

2

10

16

21

l9

13

6

--3

-o



24

shown in Tables 4 and 5. Mean annual wind speeds are not high, i.e.,
about 3.0-3.4 m/sec. In strltrner the wind speed is higher than in winter
with the highest average rnonthly wind speeds usually occurring in Ju1y.

For suuuer months a considerable fluctuation of daily wind speed ls
t1ryical, i.e., from 2-J n/sec at night to s-6 n/sec at noon.

Air Humiditv

The absolute air hr:midity'in the considered area is relatively
1ow; the annual mean for Rutbah is g.s mb (fron 6.s mb in February to
10.3 nb in July) and for Habbaniyah is l1.l nb (from g.6 mb in February

to 13.2 nb in August). The annual mean relative humidity in Rutbah is
38 percent (from z3eo in August to 69% in December and January) and in
Habbaniyah it is 41eo (from 23eo in July to 76eo in January).

Relative humidity for Haditha was obtained based on 6 a.m.

records as described earlier for tenperature. The annual nean relative
hnmidity Ls 46eo. rn June it is 24%, and in January it is 74%. rn July
and August, the mean monthly relative humidity at noon is 12-15% and in
some days it falls to 3-5%. Table 6 shows values of nean monthly and

armual relative humidities.

precipitation

Precipitation in the proposed resenroir area is very snall,
100-150 mr per year with the major amounts occurring in winter and

spring (see Table 7). From June to september there are usually no

rainfalls. Daily ma:<imrm precipitation (obtained fron 20-s0 years of
records) is 47 mm in Rutbah, 36 run in Habbaniyah and 67 rm in Ana. These
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Table 4. Annual Frequency of Wind Direction (t)

Meteorological
Stations NE SE NWslll stil1

2L

22

12s77t01425
125876417

20

4L

Rutbah

Habbaniyah

Table 5. Mean Monthly and Annual Wind Speeds (m/sec)

Meteorological Station

Month Rutbah Habbaniyah

J

F

M

A

M

.I

J

A

S

0

N.

D

Annual

3.1

5.8

4.2

3.9

3.7

3.6

4.1
?E

2.8

2.4
ttr

2.6

3.4

2.5

3.2

3.4

3.2

3.6

5.8

4.0
3.4
2.5

2.2

2.L

2.0

3.0
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Table 6. Mean Monthly and Annual Relative llumidity (t)

Meteorological Station

Month Rutbah Habbaniyah Haditha

J

F

M

A

M

J

J

A

S

0

N

D

Annual

69

s6

48

39

32

25

24

23

27

32

54

69

38

76

62

58

44

31

24

z3

2S

29

s6

58

75

41

74

69

5/

45

28

24

25

27

26

38

61

t5

46

!rtF.!lt
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Table 7. Mean Monthly and Annual precipitation (nsn)

Megeorological Station

Month Rutbah Habbaniyah

N

D

Annual

16.9

15.2

18. 6

18. 9

L0.2

0.1

0

0

0.6

5.5

1r. 4

19.1

116. S

16.9

19.5

19. 3

20.9

8.7

0

0

0

0

3.5

10.0

25.4

124 .2

20.8

17.0 .

26.0

16.9

3.7

0

0

0

0.1

1.7

18.7

20.0

t24.9

J

F

M

A

M

J

J

A

:)

0
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daily maxirna were all recorded in Apri1. Records show an average of

1.5 rainy days per year at Haditha and 14 at Ana.

Evaporation from Water Surface

The high temperature and dryness of air for the region causes

high evaporation losses from water surfaces. The only evaporation data

near the rese:rroir site have been collected at the Desert Development

Station, which is located 30 km southwest of the reservoir site. The

evaporation data were gained by daily readings of a U.S. lVeather Service

class A evaporation pan, starting in May Lg74. The monthly evaporation

data are presented in Table 8. The average total annual evaporation

for years 1974-1975, 1975-1976 was 4555 mn (Desert Development Station,

1976), with maximum evaporation occurring in July and minirmm occurring

in December or January. Although there may have been measurenent errors,
the total appears reasonable. For example, annual pan evaporation for
Death 1/a11ey, california, with a sinilar climate is given by sellers
and Hill (1974) as 4261 nrm.
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Table 8. Monthl_y-pan Evaporation for a SiteNear Haditha

Month 197 4 197s 1976 2 Year Average

J

F

I{

A

M

J

J

A

s

0

N

D

Total

517

704

842

795

468

280

140

94

94

140

234

374

490

675

806

713

s55

271

225

99

112

L02

277

204

103

L2t

1'r"2.

289

s04

69s

824

754

sl2

246

183

97

4555 mn
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CHAPTER 4

}TYDROLOCY AI'ID AVAII.A.BLE I.IATER RESOURCES

Before the danrs were built on the Euphrates, the stage and

discharge of the river were measured at Keban for 2g years, Tabqa for
11 years, and Hit for 45 years. Records of the river flow at Hit were

started in 1924 by the Iraqi l,{inistry of lrrigation, the source of the

data to fo11ow. The data for Keban from 1936 to 1964 were taken from

a report by EBASC0 services (1964) (Hydroproject Institute, 1971). The

source of data for Tabqa was the Iraqi Ministry of Irrigation. Flows at
tlaciitha were calculated by Technoexport t1g71) based primarily on the

flow at Hit. Fluctuations of the river flow made with the help of mass

difference curves, has shown that the period of 45 years is quite suffi-
cient for evaluating the normal flow of the river [Iraqi Ministry of
Irrigation, 1975; lrrilson, E.l,r., 1969).

Table 9 shows the nean annual flow of the river at Keban, Tabqa,

Haditha and Hit before the dams were constructed. Also shovrn in the

table are the catchment areas and intermediate flows between da^n sites
before dam construction. For coruparison, the river flows at Tabqa and

Hit during June through August before and after the dams in Turkey and

spria were operating are shown in Table 11. The mean annual for
ttaditha was estimated at 889 curnecs before 1974 and S01 cunecs during
L97 4.

30
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Table 9. Obsenred Data of Annual
River at Dam Sites and

Runoff of the Euphrates
Inte:mediate Inflor.r

Site

Length
of the
Euphrates

ktr

Catch-
nent
area
sq. Isn

Annual
runoff
cumecs

Keban

Keban-Tabqa
Stretch

Tabqa

Tabqa-Haditha
Stretch

Haditha

Haditha-Hit
Stretch

Hit

10

770

1456

1568

64,100

56,600

120,7 00

109,300

230,000

34,100

264,700

622

222

844

46

889

34

923
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Table 10. Mean Monthly and Mean Annual
(crrmecs) and Seasonal Runoff
Euphrates River at Hit, Tabqa

l{ater Discharges
(kmJ) of the
and Keban

Month Hit Tabqa Keban

J

F

M

A

M

J

J

A

S

0

N

D

Annual

N.F

Mar-Ju1y

Aug-0ct

702

795

1136

2757

2446

1272

s67

331

282

333

452

596

923

6.62

20.20

2. 54

642

770

1219

2540

24L6

1062

476

310

278

318

398

530

913

6. 09

20.40

2.45

289

368

709

1978

1793

792

362

246

277

249

302

303

634

3.35

14. 89

1.88
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Table 11. Mean
and
and

_M^onthly Water Discharges (cr:nrecs) at IIitTlbqa for June, July, ana August-U"ioru--
b.fter 1974 Operarion of Tabqi Resenroir

June July August

Before
1974

After
r97 4

Before
197 4

After
7974

Before After
1974 1974

Tabqa

7272

7062

122 567

476

69

154

331

310

153

275
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Quantities of water

by VBB (1964) to be 4.0 km3

diverted in Turkey and Slria were estirated

in Turkey and 7.1 kms in Syria.

The Euphrates river flow is formed mainly by snow melting in
the mountainous area of its basin and by rains, which usually fall
during the period frorn November through May. The ground water supply
does not contribute much if compared with the rain and snow nelting
souTces.

The river annual flow cycle may be divided into three periods:

Floods, fron March through July

Sunmer low water period, from August through October

Rain period, from November through February

About 70% of the annual flow passes in the Euphrates (above Hit) during
floods, about 10eo during the row water period, and about 20% during the
rainly period.

The water level fluctuation in the river are of a multi-peak
character (5 to 7 peaks a year). Approximately, in July, a gradual

lowering of the water levels begins and goes on to NovEmber. The rise
of the water levels after November due to rainfalrs and, snow melt in
the mountains is s-s m above the 1ow water period level. The utmost

fluctuation during one year of the river lrater level (6.r m) was re-
corded at Hit in 1969, the least (z.z n) in 1930. The highest water
levels and discharges are usually observed in April and May. The rowest

ones in September and October.

1.

.'

a

Water Level and Discharge at Natural Flow
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The discharge rating curve was interpolated at the Haditha damsite in the following way Gechnoexport, lgTf). For a measured stageof 140'26 rn in 1969, the measured dischaxge was 7330 cr:rnecs. using thisone point' the entire curr/e was interpolated based on the cqnbinedrelation curr/e of the respective water levels and discharges at Hitand Ana' water discharges and stages measured at proposed dam sitein Novenber-December 1g70 have proved the 10wer part of the curve(from El' 135'5 to El. 136.5 n). Above El. t4a.26m to the naximumdischarge at 0' 01 % probability (with guarantee correction) (Q = 15000cumecs), the curve was extrapolated using the chezy-Manning formulawith the river cross section nade by soundings and leveling. Thewater surface gradient of 0.00060 is taken as the average one forriver stretch of 1.5 lou taken as the basis of the l0ngitudinal watersurface profile nade by tire rnark of the recent froods. The coefficientof the river channel roughness (n = 0.027) r.ras determined also by thehigh discharge of 1969.

Ma:<imum l{ater Discharges
The na:<imno water discharges of the Euphrates River are ob_served usually during the flood period (second half April, first halfMay)' They are caused by snow raelting in the mountainous part of thebasin which is often concurrent with rainfall. The flood peaks continuesusualry for 1-2 days. The na-ximrm water discharge on the Euphratestritnrtaries are caused by rainstoms falling in the basin upper reaches
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and nay occur in any month from Decenber through April but usually
the maximrn water discharge occurs in January and February.

The highest rnaximum discharge recorded at Hit for the long
term period of 1924-1969 was 73J0 cumecs water, El. sg.92 on May rJ,
1969.

The maximum discharge of the inflow to the proposed reservoir
is considered to correspond to the outflow from the Tabqa Reservoir
taking into account its naturar routing when passing in the river
channel. since there are no topographical data for hydraulic carcula-
tions of routing the outflow discharges from the Tabqa Reservoir on
their way along the 524 lon from Tabqa to Haditha, the maximun inflow
to Haditha site of 0.0r% frequency (with guarantee correction) is
estimated tentatively on the basis of the rating curve of corresponding
maxirmrm discharges of the Euphrates River at Tabqa and Hit sites. The
relation curve reflects the flattening-out of the maximum discharges
on this stretch' so the maxinum discharge is accepted as 13,500 cumecs.

Available Water Resources

The Euphrates River runoff at Hit over the 4s-year period of
record (1924-1969) varied from i'0.5 km3 in the lowest water year r9z9/so
to 65.8 krn3 in the highest water year 196g/69, with the average equal
to 28'5 km3. The monthly distribution of the natural runoff of the
Euphrates River l7o% of the ar.nual runoff vorumes passes during the
flood period) does not coincide r+ith the schedule of irrigation water
consumption. The diversion of water for irrigation in Iraq during 50
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years lrith the llabbaniyah resenroir operating was approrcirnately lS.15

km', and during some r+ater years it went down to 10 to 12 Ims.

The water consrmrption under conditions of ful1 developnent of
irrigation in Syria lras evaluated and was arbitrary timed to the level
of the year 1990. The estimated volurnes of non-return water consunption

which affects durectly the nrnoff of the Euphrates River approaching

Iraq are shown in Table 12.

The water economy studies for the Tabqa hydroelectric project
as well as those for Haditha have been performed conforrnably to the

irrigation water requirement in Turkey and in syria equal to 11 knr3.

The average annual infLovr to the Keban darn is equal to 19.6g h3.
The average intermediate infloru for many yeErrs between Keban and Tabqa

is 7.01 h3. The diversion of water for irrigation on the Turkish

territory in future is estirnated at 4.0 lon3, with the evaporation losses

fron the surface of the Keban reservoir being 0.60 h3. Thus, the

annual average inflow to the 1'abqa reservoir equals 22.04 l@3. Evapora-

tion losses from the Tabqa reservoir varies from 0.7 ]m3 to 1.6 h3
per year.

Dam

the

for

to

According to the lrater econony data

Proj ect Report" prepared and issued by

average annual volume of water released

the 31 year period (1992-1963) makes up

contained in the "Euphrates

the Swedish Fi::n, VBB (1964),

from the Tabqa Resenroir

L5.74 kmS and the inflow
Iraq is 13.44 kns.

The above volumes of water correspond to the

of water for irrigation of Sg0 thousand hectares

diversion of 10.8

on the Syrian
.3
KM
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Table 12. Nonreturnable Water Consumption inSpia and Turkey

Design levels

Nonreturnable irrigation water diversion (t S)

In Ttrrkey In Syria Total

t 975

1980

1985

1990

r.0

2.0

3.0

4.A

2.9

4.5

5.7

6.5

3.9

6.5

8.7

10.5

11.r
1994 4.0 7.7
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territory with 5.60 km3 and 5.20 kms of the above volunes withdrawn

fron the reservoir and from the downstrean pool below the Tabqa hydro-
electric project, respectively. The return flow frcmr the irrigated
lands in Syria is estiinated at 2.g km3.

Recent studies by the Technoexport (1971) specified the water

requirernent for irrigation in syria as the following irrigated. area

was decreased to s28,000 hectares (against sgo,0o0 hectares taken by

"vBB"), and accordingly the water requirements were reduced to 5.02 km3

upstream of Tabqa project and to 4.74 kns downstream of it. The return
water flow was accepted to be equal to 2.63 kn3.

In accordance r,rith the above stated changes in the design water

consumption on the syria territory, the design inflow to Iraq had been

also specified to be equal to 14.2r Isn3. That is by 0.77 km3 more than
that in the "vBB, report. Tl:e intermediate inflow on the Tabqa Haditha

stretch is estimated at 1.42 km3 (normal runoff).
Thus, the average annual inflow to Haditha reservoir with the

above scoPe of irrigation in the Euphrates River basin on the Turkish
and syria is 1s.6J l.,ls (sr-urnary totar consumption is 11.1 km3).

Due to the flow control of the Euphrates River by Keban and

Tabqa resenroirs, the river runoff regime on the territory of Iraq
will differ to a great extent frorn that of the naturar one.

vol,mes of irrigation water diverted within.Turkey and slaia
as well as water losses due to evaporation frorn upstrearn reservoirs
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will cause the decrease (compared to the present conditions) of average

runoff at Haditha Dam site by nore than 12 km3, i.e., by almost 45%.

The annual volume of inflow to the Haditha Reservoir according

to the data of vBB calculations will be 9 kn3 and not 1ess.

The duty of the Tabqa Reservoir as accepted in the vBB report
does not ful1y take into account the irrigation requirements in Iraq.
Besides, the intermediate inflow on the Tabqa Haditha stretch is not
controlLed.

The discrePancy between the inflow and water requirements can

be eliminated or decreased by the control of the nrnoff by the Haditha

Reser"yoir.

The design annual inflow to Haditha Reservoir (on condition of
ful'l development of irrigation in Turkey and syria) of 90% probability
this figure wilr be r2.3 ron3 and with 50% probability it wirl be equal

to 15 km3.

At the present ti:ne the work on constructing

the Euphrates River and Tharthar depression which is
the flood water fron the Tigris River is underway on

Through the Tharthar canal the Euphrates River flow
due to erportation of some Tigris River flow.

the canal between

used for storing

completion.

can be increased

Water Consumption

As it was nentioned before, the grouth of irrigation water

requirement in Turkey and syria will cause the gradual decrease of
the available water resources of the Euphrates River in Iraq.
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when irrigation of the Turkish and syrian territories reaches
its design full developnent, the Euphrates River will carry at an
average about lS km3 of water per year to Iraq.

In view of the linited water resources, one may not expect
growth of irrigated land in the Euphrates River basin in future. rn
connection with this the monthly distribution of the water requirement
for irrigation in Iraq to be diverted from the Euphrates River is
accepted sinilar to that required for the present time, i.e., (in
percent of the annual flow):

January 6. O

February S.g

March 11.9

Aprit 11.9

July 9.8

August 9.g

Septenber S.l

October 3.0

November g.g

December 8.3

May

June

8.2

10.3



C}IAPTER 5

PROPOSED RESERVOIR IVATER BALANCE

Both the river flow into the proposed reservoir and the water

requirements for downstream uses vary seasonally. Thus, it will be

more useful to consider the water balance of the resenroir on a
seasonal basis. But because of the recent change in the regime of the
Euphrates River flow in lraq, as a result of operating Keban and Tabqa

Resenroir, and due to unavailable stable seasonar flor^r data, it is
difficult to assign figures of river inflow and. then calculating the
water balance of the reservoir on a seasonal basis. However, it is
possible to estirnate the annual water balance of the resenroir, because

data of the average annuar flow of the Euphrates River is knor,m, and the
approxirnate annuar requirement for water in both Turkey and syria is
known. For these reasons, the estimation of the water balance of the
resenroir will be on an annual basis. The same methodology could be

used for any period of ti:ne, if data are available.

The calculation of the water balance elements could be done

either numerically by using a computer model, or analyticarly by using
some of the anal.ytical matheruatic 

"qrriJaions which are applicable to
the physical, hydrological conditions of the reservoir. A third nethod

is building of electrical analog model. Applying finite difference
scheme, or finite element approach and writing a cornputer program for

42
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d.

b.

c.

the rese:nroir and aquifer charaeteristics, will give an idea of the

present and future changes in the parameters of the rese:rroirs and

aquifers in the area. The shortage of available data on the large

reservoir makes it difficult to construct a computer prograru. Buil.ding

an electrical anaLog model is expensive and at the same time requires

more data than the available data at the present. Thus, for the

purpose of this study, it is appropriate to use an analytical mathe-

matical method for calculating the conrponents of the water balance

equation and equating then.

Elernents of the lVater Balance

rn general, the water balance of a given volume of soi!. or

space consists of the inflor+, outflow, and change in storage of water

during a specified period of time. It is represented by the following

equation:

Inflow - Outflow = change in storage

rnflow: The inflow to the lladitha reservoir consists of:

Euphrates River flow into the resenroir;

Precipitation on the reseryoir surface; and

Discharge from bank storage.

A separate description and calculation of the above elements are pre-

sented later in the paper.

Outflow: The outfl.ow of the Haditha rese:rroir consists of:

a. Releases for downstream uses;
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b. Evaporation lossesl

c. Seepage losses.

Change in Storagel

increase or decrease in the

and

The change in storage is

volume of water stored in

equal to the

the resenroir.

ltlqter Balance Calculations

Inflow to the Rese:rroir

Different quantities of the Euphrates River inflow to Haditha

Reservoir were estimated. 'As mentioned in a report by Technopromexport

(1974), the average annual inflow to the reservoir is expected to be

between 15 and 68 ?on3. According to the swedish Firm (vBB) in their
"Euphrates Dam proj ect Report" in 1954, the inflow to Iraq will be

13.44 km3 and the inflow to the river fron the syrian-rraqi border to
the tladitha project will be 0.4 h3, resulting in a total of 1s.g4 h3
as river infLow to the reservoir. rn a report written by the Directorate
General of Dams and Reservoirs in Iraq in late r.97s (Iraqi Ministry
of lrrigation, 1g7s), it was calculated that the amount of river flow
entering Iraq in 1985 will be 17.8 Ig[3 and by 1gg5 it will be 14.g kms.

Also, the report gives the inflow of the Euphrates River to Iraq (in
the dry years) as 6.9 km3 at probability of 90e, and g.s km3 at proba-

bilityTs%. 0n the above considerations an annual inflow of 14.0 kms

could be reasonable and that will be used in the following considerations.

The average annual precipitation on the reservoir surface will
be 112 run. The average area of the resenroir will be 41g l,2. The
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product of the two gives the annual a:nount of water added directly to
the rese::rroir from precipitation as 0.047 IonJ, whrch is insignificant.

'*ith 
the normal fructuations of the reservoir lever during

filling, water wirl infirtrate into the arluvirgn of the banks and as
the water in the resenroir is lowered water may be discharged back into
the reservoir' It is considered as returned seepage losses. According
to Harza Engr' co. report (1963) bank storage was experience in Dokan
Reservoir in the north of Iraq arnounting to 10% of the reservoir
storage. But the topography of Dokan is much different fron Haditha.
A reasonable estimate of bank storage may be 3eo of the reservoir
capacity' Assr:ming a specified yield of 10% and using estimates of the
voh:rne of alluvium that may desaturate, the recharge to the resenroir
nay be of the order of 0.1 Isn3 -_ again, a snall percentage of the
river inflow to the reseryoir.

The total inflow to the reservoir may be estimated as 14 lorns.

Outflow fron the Reservoir

As reported in 1965, the area of agricultural land that depends
on the Euphrates River was estimated at g46,7oo hectares. Each hectare
requires about lZ,4AO 13 of irrigation water. Therefore, the total
irrigation requirernent is 14.7 km3. The requirement for power is less
than this amount, so it is assumed that 14.7 kns 0f water will neet
both irrigation and power requirements.
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Evaporation

The rate of evaporation is a function of sor.ar radiation,difference in vapor pressure between the water surface and the over-lying air, tenperature, wind, atnosphere pressure, and water quality.The estimation of evaporation from a reservoir is generalry based on awater budget, energy budget, mass transfer techniques, or pan evapora_tion data' The choice of method used depends on available data andrequired accuracy' Because of data restriction only the pan evaporationmethod and a method previously used by Technoexport were used.
A widely used nethod of estimating reservoir evaporation isfrom evaporation pan data. The standard u.s. rr/eather Bureau class APan is the most popular. Relationships devel0ped between pan andactual waporation from large bodies of water indicate multiplying thepan value by a factor of 0.70 to 0.75 (pan coefficient) gives anapproximation of lake evaporation (Viessman, Harbaugh and Kn"pp, lgl\),The total evaporation losses from a resenroir is the depth ofevaporated hrater tirnes the surface area of water in the reservoir. Thesurface area of the reservoir is changing according to the water levelin the reserrroir. Table 13 shows the surface area of the HadithaRese:rroir at different water levels as calculated frorn topographic napswith a scale of 1:2500, and Table 14 presents the depth of water fordifferent distances from the center of the Euphrates just above theproposed dan site' At designed no:mal head water level for the nonthsof January through June, the average water surface area is 41g.4 kmz.



47
i

Table 13. Water
at the

Elevation
Reservoir

Versus Surface Area

Elevation
(n) above

MSL

Normal
!flrrl 140.0

(143)
135.0 129.5

oPera-
tion
leve1

125.0 
' 

L2o. o 115.0 112. O

Mocinr:m
drawdor.En

Surface 419.4
area CIm2)

352.4 273 .7 220. A 161.0 115.1 75. 8 35. 0

Table 14. Depth of
Euphrates

Itrater against
at Dam Site

Distance frorn the
(Right Side)

Distance (km)
from Euphrates

G.S. (above
MSL) (m)

Depth of water (m)
at N.H.lrl.L.

0-
1.00 -
2.00 -
3.00 -

1. 00

2.00

5. 00

4.00

10s -

lls -

135 -

140 -

115

135

140

150

38-28

28-8

8-3

3-0
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As estimated by Technoerport (1971), the evaporation losses for these
months is 1100 rnn, which is equivalent to o.4G kns. At operational
drawdown level, for the nonths of July through December, the surface
area is 220'o 1fii2' The waporation during these months was estimated
at 1400 rur' The total evaporation during this period is estimated at
0'31 km3' sone additional evaporation will occur from the land surface
previously flooded by the reservoir. These additional evaporation
losses, as reported by Hydroproj ect rnstitute (1971), result in an
evaporated voluroe of 0.5 lon3. Then the total water losses by evapora_
tion amounts to 1.27 hls.

The annual evaporation frsm

using pan eyaporation data presented

Dwelopment Station (1976) yields a

and total annual losses of L.67 km3.

An average of the two above values would be the best estimate
possible at this ti:ae, or 1.47 kms per year.

Seepage Losses

The elevation and gradient of the regional ground water table
and aquifer characteristics, adjacent to the proposed reservoir, provide
the most reliable neans of predicting reseryoir reakage. If the ground
water levels are higher than the proposed reservoir level then one can
predict no seePage of consequence, except perhaps near the reservoir
banks as the reservoir level fluctuates.

the reservoir surface calculated

in Chapter 3 from the''Desert

depth of evaporation of 327g mm
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If the regional ground water leve1 is appreciably lower than the
proposed reservoir and there is adequate permeability, as the case we

have under tladitha reservoir, a careful study should be made before
proceeding with the rnore expensive portion5 of the irrvestigations.

There are many uncertainties in lladitha reseryoir study. The

unstabl'e regime of the Euphrates River flow, insufficient ground water
hydrological data, and inhomogeneity of the reservoir geological condi-
tion cause some difficulty in estinating seepage losses, and may give
nisleading results.

In dealing with a fractured rock (or karst) aquifer, hydrolo-
gists cannot always neglect the vertical hydraulic conductivity. rn
such aquifers, the vertical hydraulic conductivity rnay be appreciable.
Knowledge of the vertical hydraulic conductivity of a fractured rock
aquifer may be useful info:mation in itself, especially with respect
to estimating ground water recharge and pollution movement (Davis and

DeWiest, 1966).

The geological characteristics of the reservoir as described

-previously, and the topography of the area, help us to assune the
following in order to si:nplify analytical sorution (see Figure s).
The upper layers of the reservoir (Euphrates series, uleur uleu?
and Nleua) have sirnilar physicar properties. They are the layers
above the water table in which seepage rvill take place, in general,

they are weak, cavernous, and karsted.

The butk density of these layers ranges fron 1 .sr - z.og t/*3.
The porosity is 44eo and the hydraulic conductivity ranges from
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3.7 - 4g,S n/day, so an average value of 2g n/dayr+ill be used. Thehydraulic conductivity values were obtained bI punping tests forboreholes in the reservoir area.

?he forrrulas applied by the Hydroproject rnstitute (rg71) forcalculating hydraulic conductivity K was:

v_0.73oo=ffisroe*
in which

H = thickness of aquifer (layer)
S = drawdown

R = radius of influence
r = rcell radius

Q = steady discharge
Another Bay of estimating hydraulic conductivity is by injection(pouring) water into the borehore. The following formula was used:

It was

nethod

due to

seePage

tirne it

K = 0.S2S q rog .0.66l

9 = specific discharge
noted that yalues of hydraulic conductivity gained by injectionwere less than those gained fro
sealing. 

o-4"vs rrsm PumPing tests which was probably

rn this study' concern is given to estirnating the quantity offrom the reservoir in its first period of operation, and thetakes to saturate the bed and banks of the reservoir.
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The water from the rcse:ryoir is assumed to f10w in two directions,
vertically in the first stage until it encounters the water table
and then it flows horizontally until it saturates the nediun above the
water table and be10w the level 0f the reservoir water.

Green and Aonpt's approach for infiltration is convenient. The
principal ass*rptions of the Green and Ampt approach are that there exists
a distinct and precisely definable wetting front, and the natrix suction
at this wetting front remains effectively constant, regardless of time
and position (Hi11e1, 1g73). Furthermore, this approach assumes that
behind the wetting front, the soil is uniformly wet and of constant
conductivity' This supposes the K vs 0 (water content) relation to be
discontinuous, i.e., to change abruptly at the suction value prevailing
at the wetting front

These assumptions sirplify the flow equation, naking it amenable
to analytical solution. For horizontal infiltration (i), a Darcy tlpe
equation can be applied directly:

.dr1=-=dt
H -H-,,otf,-

I
t

where

i is the flux into the soil and through the transrnission zone,
I is cunulative infiltration,
K is the hydraulic conductivity of the transmission zone

is hydraulic head at the entry surface,

is hydraulic head at the wetting front, and

is the distance from the surface to the wetting front
(the length of the wetting zone).

H
o

H.t
tr

;:fu
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rn case 00 (initial water content) is sufficiently srnarl, the
gravitational field will not cause it to vary appreciably with z
@e,ur'est, 1969). Ttr,s, the same analytical sorution will be applied
for vertical and horizontal f1ow.

since the distanco travelled by vertical f10r* is very short
(ma:cimum 20 m), the tirue of saturation of this volume beneath the
reservoir is negligible in comparison to the tine taken for horizontal
flow in the adjacent zone (distance 2600 m). Thus, the cal,culations
were made for ]rorizontal f10w only. Horizontal f10w mostly will take
place in the upper part of the unsaturated f10w which has hydraulic
conductivity in some places up to 4g m/d.ay, however, an average
hydraulic conductivity of 2g n/day is reasonabre and was used in the
calculation.

Ma:cironrnr amount of water absorbed by the soil is given by:

Q=SA9I- dt (t)
where

S = storage coefficient

A = cross_sectional area
dx
;7 = rate of change of wetting front in the horizontal d.irection

and from Darcyrs Lattr:

Q=Knt = KA#
f (2)

where

K = hydraulic conductivity

A = cross-sectional area



(

t!
s4

I = hydraulic gradient

L, = distance of wetting front from

Since the flow is horizontal on1y, there is
head z on the pressure.

Thus,
H -H.

Q=KA 9 t
"f

dt

equation:

ortl $ a.

resenroir.

no effect of the elevation

substiting L, for x in equation (1), and equating r*ith equation (2)
dL. H -H-sA# =*ff;Ho-Hf =const.

L ^dL.rtKm=a
both sides of the

L, L.dL-
rL f t-=o- H -H_ot

-2L-r _ K-
2t%-Hr) - s "I

L.2'str = zffiHu1x

By integrating

(3)

uhere t, is the tirne required to fill the unsaturated zone to a distance
Lt from the resenroir- Theoreticarly, water will continue to move
horizontally due to pressure gradient until the regional water table
reaches a certain shape.
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Estimation of quantity of lrater that wirl seep from the
rese:nroir to saturate the unsaturated zone above the water table, and
the time required to fill the volume in the vicinity of 4 hn at the
sides of the reservoir are of interest.

The zone to be saturated is assumed to be 130 rsn in length,
8 krn uride and r2.s m deep and has a porosity of 0.40. Hence, the total
volume of water required to saturate this volume is 5.2 kms. using
equation (J) and an assumed. value for Ho-H, of 3 m, the time required
to conpletely fill this vo':me is calculated using the
to be 4023 days (11.s years). The average seepage rate
years is 0.47 lcn3/year, or g% of the storage capacity of

Complete Water Balance

The calcurated inflor+s and outflows on an annual basis are givenin Table ls. The estimated anount for dan releases is 14.64km,, while
the calculated a:mount by the water balance nethod is 12.70 kn3. of

above equation

for the l1.S

the reservoir.

the Gulf.

is less

h3, and

this, t.94 kn3 must be al10cated to naintain minimum f10ws to
Therefore, only 10.76 kn3 "r" available for irrigation. This
than the estimated required amount by 1gg5 (17.g *n31 Uy z.oa
less than the requirernent of year 1gg5 (r4.7 tr3) ry 3.g4 lm3.

To neet the requirements of irrigation other water resources
to the Euphrates River must be found. The nost convenient solution is
the diversion of the Tigris River flow to the Euphrates River via the
Tharthar depression. The anticipated annual vol,me of f10w suppried
from the Tharthar depression to the Euphrates River ranges between 0.75to 11.75 km3 (Iraqi Agricultural Cor:ncil, tg74), depending on the flow
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Table 15. Surrnary of Annual Water Balance

Balance Component Value (t**3)

River flor,r to reservoir

Precipitation on reservoir surface

Bank storage discharge

14.40

.047

0.19
a

14. 64 kn'

L.47

.47

t2.70

14.64 h3

Evaporation Losses

Seepage losses

Dam releases

Annual Total Inflow

Annual Total 0utflow

I
I
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of the Tigris. The

may be sufficient to
sorne years.

regulating capacity of the Tharthar depression
meet irrigation requirenents, at Ieast during

TF;Y



CHAPTER 5

DISCUSSION AND CONCLUSIONS

The Euphrates River is undergoing a critical period of its
history with the new dams in operation in Turkey and syria: To adjust
to the new regime of the river as it enters Iraq, the Iraqi Governnent
is giving serious consideration as to the most feasible approach to
maximize the use of the reduced flows of the river. An additional
regulating reservoir on the river seens imperative. However, the
topography and georogy of the Euphrates valley do not offer good dan
and reservoir sites. The feasibility of a reservoir depends greatly
upon its capacity and evaporation and deep seepage l0sses from the
reservoir. This study has provided a rough approximation of these
I'osses in relation to the other cornponent.s of the water balance for
the proposed reservoir above lladitha.

Precise calculation of the water balance components have not
been possible, first because of scarcity of data and second because
of the complex and heterogeneous geological conditions. clinatological
data near the proposed site are for a short number of years and some
are of questionable accuracy. Data were not adequate to use some of
the more sophisticated nethods of predicting evaporation, so an estimate
was made based on two years pan evaporation data.

58
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seepage nay pose a critical threat to the feasibility of the
resenroir for two geological reasons: (1) the geological structure,
which no doubt has caused openings along fault or joint planes in the

carbonate rocks rosulting in advanced karstic conditions in some

sections, and (2) the geochemistry, because of continued solution and

decomposition aftor the reservoir is filled of the irp"* and carbonate

rocks, especially where circulation of meteoric waters occurs.

Although consulting firms have drilled several exploratory
boreholes in the vicinity of the proposed rese:nroir, the data and

obsenrations are not sufficient to adequately describe the lithological
structure along the 130 kn reservoir length. Available data have been

used in a simprified approach to approximate deep seepage rosses into
strata which are now unsaturated and atrove the present river level
but will be submerged when the reservoir is filled. These are highly
porous strata with a sizeable hydraulic conductivity and water holding
capacity. several approxirnations and. assumptions were made, but the
results are considered of the right order-of-magnitude. Thus, for
better evaluation of this problem additional geological field work and

test drilling are recorrnended.

Table 1s in the preceding chapter gives a summary of the
approxinated water balance for the reserrroir. The armual evaporation
losses from the resenroir has been estimated as 2ggg rm, which is
equivalent to 1.4r lort3/year. This is 23% of the storage capacity of
the reservoir, lOeo of the total inflow.
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The. expected lateral seepage from tho reservoir has been shown

to average o.4l km3 per year for 11.s years after the reservoir is
filled. The total vohse of seepage during the. 11.s years is nearly

equal to the storage capacity of the reseryoir. After this ti-ure, the

regional ground water profile rvould have adjusted resulting in recharge

to the reserrroir. A critical question remains as to the seepage around

the dam through these porous strata. This question was not considered

in this study.

Sediment coming into the reservoir, which has been estimated.

to be 60 million tons per year, may reduce the life tine of the reser_

voir and reduce the rate of seepage losses extending the period of
seepage beyond the 1l.s years but the total anount of seepage should

renain the same.

The water balance definitely shows that the quantity of water

available for releases will not be sufficient to neet expected irriga-
tion requirements on the Mesopotamian P1ain. Supplenental water can be

diverted from the Tigris to account for the deficiency. If the reservoir
comes into existence, it is inportant that operating rules be developed

which will minimize spills through the spillway to more effectively
use this water resource.

.t

i
I



LITEMTURE CITED

Davis, Stanley N. and Roger J.M. Delrriest, 1966. Hydrogeology. New
York, John I'liley and Sons, Inc.

Desert Development Station, 1976. Pan evaporation report (unpublished).
State 0rganization of Soils and Land Reclanation, Ira(.

Dewiest, R. J., 1969. Flow through porous nedia. New york, Academic
Press, Inc.

Harza Engineering Company, 1963. Hydrological Sunrey of lraq. Vo1. I,
Baghdad.

Hi1lel, Daniel, 1973. Soil and Water. New york,

Hydroproject Institute, 1971. Rawa Hydroelectric

Academic Press, Inc.

Proj ect on the
Euphrates River. Moscow.

Iraqi Agricultural Council, 7974. Water balance

Iraqi Ministry of Economics and Communications,

in Iraq. Baghdad.

1955. Water supply in
Iraq, Baghdad.

Iraqi ltinistry of Communication, 1962.
Baghdad.

Climatological Atlas for Iraq.

rraqi Ministry of rrrigation, 197s. Report on the Euphrates River
Flow (unpublished) . Baghdad.

Sellers, Itlillian D. and Richard H. Hill, 1974. Arizona Clirnate, Tucson.
University of Arizona press.

Technoexport, 1971. Haditha hydroelectric project. Moscow.

Technoprome)q)ort, L974. Haditha Reservoir. l,{oscow.

VBB, 1964. Euphrates dan project report. Turkey.

viessman, warren, Jr., T. E. Harbaugh, and J. ltl. k"pp, Lglz. rntro-
duction to Hydrology. New york, Intext, Inc-.-

wilson, E. M., 1969. Engineering Hydrology. London, Macmillan and
Co., Ltd.

61



oI

-96
F

J
old
E

>
.trc(E

'E
g9

, ^ 1E
i'fn'. .'JU

J
LJ(9I:
3E

E
F

trlr
€?3
z 

.t
E

 I 
r,.r

O
- r

o-E
bE

s
rrjE

-
>

>
F

5eft
crY

o
o

zo-iz<o
dFIr

qo

c.9ocoococ,cq,

EEoa

oooort

vlq,
(,ou.2!Lq,

o3

oci(u

Fzt.ls7E

=
g

<
tr

A
A

LrJ 6-1
(9u
rkS

a
J-?
<

-r ;- O
(,=

(o
6ilo
E

LrJ-
lrJ-X
E

*f,
37 a.
3eR
(/)oN
U

r=
tt

qE
r

:sH
O

Z
Io<

F
J<U

J(r
C

F
ofr
LrJ gr
zzE

8

oo
otx

rrnos
ooooo

@x
ooo

rOc,
LoNI

0(t,
(,r

A
Lo'6

F
Oxo

oooo
C

\'

oooolo 
sl

oo(o

oor.-

ooo
ooo
oo,co

rhllug'N
ot1vurN

33N
o3 1N

3tilo3s

ooo(\I

33S
 /sn'S

39U
V

H
3S

IC
1 U

3IV
,t\

€n /9t'r,totlvu1N
33N

O
f, IN

3t4tO
3S



ttJafn=o1r,
o&I(Ja6(ltF=

ooIootlr)

LJEf(JzIF)U
J

E

.o

ll
,h!i

i\,xbxx \x
,O

 5
X

rltI

oN
INo

c,

.ct.:
o(l,
F

Oxo

oI
ooN

ooro

oo$
ooro

ooooo)@
ooo

ooJ.- 
(o

33S
 /9v 

S
39H

V
H

S
S

lO
 lN

3hllo3s rN
V

N
ltloo

-.-o

I

oo 
oo

o

ot
ox

oNI

oQ
)

rtr
.D

L
v 

lt)
F

OxO

ooo
ooo
oo 

f'- 
@

oI

LrJ
(Jo
3eL)1-
U

,*

6gF
J

(J ul
{-lrG

O
'

. 
U

JU
J

5p)
fiS

ol
2>

 a
6 t.r trl
IJ(,E
e#E
l- trJ =
<

>
o-

<
a=

Z
 

.tr,
39rrr
O

' 
-.

o -t-
uS

rr-
ooo
uJ=

-
>

>
F

(r.^o-
fxt!
(J'{ o

o
z'z,o
)-g.1 F
(r

oooolr)$

rht/u9'ltollvurN
33N

O
3 1N

3nl03s



._._._
-.\

8 
fl 

]3 6f 
rB

=
 

gtr 
=

E
 

90r
9r9
s5s
liiI 

't
tat

lo-Y>
ttr=

B
.6 trJ

'o-E
, ,"5
tt:cp

O
t-

E
=

>
oT
)uz-

oooooooogooO
O

oao
ooooooooqoooooo
O

ooooooooq)6lO
O

O
o

gggg=
aocor*-toro+

N32s/rw
 o

o\\,,
'o\ 

o oo
* 

)t^o
' 

'*\3*
xbxx \x
*o 5

!xi

ooo
ooo
ooo
9L9

ooI

uU
J

ou)
off,\
9=alrJ(,'

(rt(Ja6&u.J
O

F
o<'o3

oil

U
;

d(ts

oox

.o

lrJE
,

:)(JzIFJLrJ
(r

ox
o

ox
oNt

o 
'lP

crl
-o 

.:
O

C
'

F
OxO

x
x

o
o

oI
oon

oorO

ootO

oo
oOooa 

at't

o



O
 

(J 
() 

O
 

(J 
(-l 

\,/ 
v

oooooooo
oooooooo
d)r-lo(i,croN

oooooooooo
oooooooooo
oooooooooo
9f\99ggg=

90)
casln o

Zotr
IIta!

xx

xx

x

-.--_ 
o-\\

\-o
\-o

ooaoo

oN
IN

O
P

trrl
.c! 

.:
o(u
F

O

ooo

oil,;
.E

;{ItE
,

:)(JzIFJLrJ
E

.

U
J

()zoOFZU
J

oLdaoZEtlJE
,

aq-o-=
)

trJ

hJ-l-LLo
oo(\l

ooro

oo$
oolr)

ooooo@
oooor\(o

f,3S
 /9X

 S
39U

V
H

f,S
IO

 lN
3hllO

3S
 tN

V
N

ltllO
O

qo 
oo

o

ot
ox

x

oo

ItFzlrJt:t C
)

3eu;-
U

}F

6EF
J

(JlJ
fl>uar(r
bH

9
fisE
2>

 a
5rr.rtt
H

9E

(1Io-E
,

(9otrc)-(oJ

-c.

= (,tr
@

@oo

.rt* 
\ 

o

oo-\-*



ooo
ooooN

q9oogooooooooooo
e9ooaooooO

S
clclc>

cl6
ooooooooooS

ooooo
a 

F
- 

tI) 
ul 

$ 
r.) 

(\r 
O

 
ot 

@
''- 

C
l 

rrl 
<

f 
m

_ trt_
'e333

_. _._r 6
E

-
, 

?F
\ 

,, ,=
'=

>o(J
JZt! 

lrJ
F

)foo 
trJ
(r

gi tr
'6F>

z
gtd
g;L)
A

E
H

H
ood)^
<

\J
F

4
9OL-,ft>
^

A
U

Y
>

f,a=
H

6 
ltJ

O
(r

?sT
E

5oO
l-

E
=

>
o

T
,)tLz

337N
 

D--
--

--

ot,
go€o
P

;l:=
9l 

-tl 
€: 

r u E
.:

j 
E

l :is:::
8 3t ;_B

E
H

;fi
=

-=
L

Ltr

liilrIrl

'--

"rl

aagooaaoooogooooooo
ooooa6ooooonE

ddooo
oooooo06ooo!Joooooo
I 

L 
g 

to 
g 

g 
S

 
=

 
9 

o 
oo r'-,o 

6 
+

 
lr1 

N

3zs/rw
 o

E
IotrJ

o(r)

o



,
,I

i\
4.1.

' 
f'

Iti'

og
cD

 
-o

toP
.oo

9 
or 

E
 

: 
3

d E
l ::5S

:s
O

 
LrJl 

>
6 

E
h

3 
-';r 3#€p 

E
#

s=
:oc

8888880
3333 

R
a

E
E

E
38

ooaS
o

ggE
s

lo$m
A

,

It
i\.t)r

'=
%

^ u

,
z'

./'
.z'

o(r
\fo
tr)(,oo
I 

or .9. | 
3

- 
zl 

.oI 
f.u 

q.-
d ul ::s.sse
E

 5r ,pg3;J
:=

E
:O

c

li;Irtll

36<
F-()

G
hJ

=
(I

!?r
fi8(/'W
lr.J l"d
E

F
s3P

!
LJ

.,.-(.3
E

-
otr
r=3>O

U
JZL 

IrJ
F

:)
loO

lrJ
-(r

o( tt-
6r-
>

z
gi kJ
gt.
(nt
H

H
oopo
F

11
oot-lsaoja2W-(1 

lrJ
ooa
o$

O
O

.1
ooX
ood
9N

g


