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History has been said to begin at- Sumer, aTd history
today---ottitt "" to be made in tf,e cornbined basins of the
Euph-rates "rra 

iigris.rivers. Increasino water shortages
in southwest Asia, in "orritt"tion 

witfr the ambitious
aevetopnent pii"= of every nation found there, focus
ittention upbn those two rivers. Constituting the
;;i;;;;-- ,ijo" sources of water, their proper management

in the years ahead will help to determine the welfare and
p"ri[icir stability of pgch of the Middle East.
' Turkey occupies the position farthest upstrean on

both riveri. aliost aII tfte waters of the Euphrates and
i-ri3o. portion of the waters of the Tigrl?--com: from
within furt eyts borders. Unlike many Middle Eastern
countries, tirriey may be petroleum poor but is water
rich. The nation-receives aLout 509 billion cu m of pre-

"ipit"ti"r, annually, of which 38 percent (185^billion cu
m) ends up as surface runoff. tluch of this flows into
tire USSR, Iraq, Iran, Syria, and the surrounding seas.
Because tne iuii,s estinaie tfrat only a litt1e over half

"f this surface runoff (95 out of 185 billion cu m) can
be used for domestic, irrigation, and industrial PUI?oses
within Turkev, the ffrteifra!-!-onal irnplications of the
situatior, "t"' outrior= (0532)(0550)(0552) .

Turkey is----under enormous pressure to develop its
hydroresouices(288o). Total energy usg.in Turkey from L975
t6 fgAZ increased by 30 percenl, while energy from all
Turkish sources incieasea Uy only 24 percent. In L983
nearly 39 percent of the energy used in Turkey came from
p.ti"i""* il;;;a;. - If impor[,i oe . coal and electricitv
are added to the ledger, a-0. percent of all the nationrs
energry came-f;; [eyona'its Lorders. Before the drop -in
,"ri6' oi1 prices tuikey paid over $4 billion a year for
iurported pltiofeum pr6aircts. Even with the subsequent
arbp in criae-pri""=, over $2 billion are currently sp?n!
on 'irported oif. In 1985 about one-tenth of the Turkish
energy- base *ri= p=ovided by hyqlgpower, and-it is clear
that future sufltitution of laaitional hydropower for
thermal "t".gy- ,iif save much needed exchange credits'
furiey furth6i hopes to balance its import-export ratio
rv- -=Lrri"g 

|arge quantities of agricultural produce to
ii" aiir n6igfra;ir €o the souts(a85el . Paramount among the
sourees of iuch produce anticipated by Turkish planners
will be tfre vasl new irrigated fields of the Southeast

the nation is rapid^Iy developing - 
its

construction of dams, reservoirs,
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hydropower plants, and irrigation projects. The General
Dj.rectorate of State Water Works (Devlet Su Islerir/DSl)
by 1987 uanaged a national construction program incLuding
L34 major dams, 72 hydroelectric power plants, 158
smaller irrigation and detention daurs, and 521 ground-
water projects. Hydroelectric power from these and
other proposed projects will eventually provide 53 per-
cent of all electricity consumed in Turkey. Once
completed, this nationar development scherne will irrigate
519251032 hectares of land, convey 2t52o.L Mcm of water
to settlements, and produce annually L10.117 nillion kWh
of energy from 426 hydropohrer plants.

Central to all this is the Southeast Anatolia
Development Project (SEAP; in Turkish, Guneydogu Anadolu
Projesi, acronlm cAP) whieh is the subject of this study.
The importance of GAP can scarcely be overstated.
Turkish estimates based on complete development of the
nationrs uater resources show that the twin basins of the
Euphrates and Tigris rivers within Turkey account for
29.9 percent of the countryrs total surface runoff. lhis
in turn could provide water to irrigate 2,O32,2O3 hec-
tares (34.3 percent of all possible irrigated land) as
well as 43.5 percent of projected hydropower ffom all
such proj ects t+atol .

Turkeyrs downstrean riparian partners on the
Euphrates and Tigris rivers, Syria and Iraq, also have
much at stake. They too are beconing increasingly depen-
dent on the finite supply of water provided by the two
rivers. Electric generation from the generators at the
Tabqa (Thawra) Dam on the Syrian Euphrates in L979
amounted to 60 percent of all the electric ener!try pro-
duced that year in Syria. Prior to the construction of
the dam, 1801000 hectares were irrigated in the valley of
the Syrian Euphrates; as much as 550,000 hectares were
to be brought under irrigation after the damrs comple-
tion. Although these plans now seem overly ambitious--as
will be seen in the ehapters that follow--Syria stilL
places high hopes and great dependence upon its use of
Lne nuprrraf.es riier <456e' .-

Downstream, the third riparian, Iraq, is engaged in
development not only of the Euphrates but also of, the
Tigris and its tributaries. over L rnillion hectares of
Iraqi land currently receive water from the Euphrates.
Although this study does not include an analysis of
Iraqrs use of these waters, the urgency of its sLtuation
--which will be described in another publication in this
series--is just as great as that of its upstrearn neigh-
bors.

Given.the dimensions of this situation and its scope
in time and space, it will be useful--before considering
the technical details on which political negotiations
among users of these waters will depend--to take a brief
historical and regional view of this strategic area.
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1.1 Tbe Eupbrates (ftratl River

The Euphrates River has its sources in eastern
Turkey and its mouth at the head of the Persian/Arabian
Gu1f. Along with the Tigris and Karun rivers, the
Euphrates brings water to the Mesopotamian lowlands of
Iraq as weLl as hydropower and irrigation to parts of
southeastern Turkey and much of northern and eastern
Syria. It is the longest river (2,7Oo tu/L,575 niles) in
southwest Asia west of the Indus, although its maximum
averagre annual volume (35.9 billion cu m at Hit, Iraq) is
less than that of the Tigris (7a.4 billion cu D at
Baghdad) or the Karun (48.8-billion cu m at Atrwaz) (0042).

Because its waters come from nelting snorrs, maxiuum flows
are in April/Ulay, while mininum flows are in Septenber/
October.

The river is formed in Turkey by two tributaries:
the Karasu which originates at an elevation of 2,744 D
(91003 ft) north of the city of Erzerum, and the Murat
which begins on the slopes of AIa Dag (Mount Ala) north
of Lake Van at 31135 m elevation (10,285 ft). the tlro
streams join 45 km northwest of the city of Elazig.
Thereafter, the combined Euphrates cuts through the
southeastern Taurus Mountains and crosses into Syria at
Karkamis (Carablus, ancient Carchernish) dovrnstream from
the lurkish town of Birecik. In this portion of itsjourney the river drops 2 m/l<m (approximately 10 ft/
nile). After Birecik, the river flows southeast across
the Syrian tableland in an entrenched valIey, where its
major tributaries are the Balikh and the Khabur, both of
which enter the left bank from the northeast.

At 360 km (225 niles) downstream from the fraqi-
Syrian border, the river reaches its alluvial deLta near
Hit in lraq. This is still 735 km (460 uriles) from the
Gu1f, but the river is only 53 m (173 ft) above sea
leveI. From this point on, the river loses part of its
waters into a series of desert depressions and distribu-
taries, both natural and man-made. Farther downstream
near Nasiriya, the river becomes a tangle of channels,
some of whieh drain into shallow Lake Hammar while the
remainder Join the Tigris River near Qurna. Erom Qurna
to the sea the eombined streams are known as the Shatt
a1-Arab. The Shatt is joined 32 km below Basra by the
Karun River, which flows westward frorn the Zagros Moun-
tains of lran. The combined flow continues another 7'l kn
(48 miles) before entering the Gulf.

Navigation on the Euphrates has traditionally been
confined in its upper reaches to brushwood rafts (kellekl
supported by as many as 800 inflated sheepskins. In
parts of Syria and lraq, traditional craft have incLuded
coracles (guffas) and sailboats {nahaila, safinal. Up-
stream from Hit, rapids and shoals bar modern transport;
downstream shallows and shift,ing sandbars do the same.
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Thus, despite repeated atteurpts to naintain channels,
steamer navigation has not been possible although the
government of rraq anticipates improving navigation on
the river in the future. The Shatt al-Arab is navigable
by small steamers as far as Basra, where further linited
steamer traffic is possible as far as Baghdad and lrlosul
on the Tigris.

Historically, the Euphrates derives its name from
the Sumerian Buranun, which became Purattum in Akkadian,
utrat in o1d Persian, Euphrates i.n Greek and Latin, Furat
in Arabic, and Firat in Turkish. Nippur and Ur (both
Sumerian cities) and Babylon were near or on the river,
as was Carchemish, all of which date from before the
first millenium B.C.E. While the river in ancient as in
recent times offered some means of transportation, most
of the traffic was in a downstream direction. Rapids and
shallows made the upstream journey too difficult. Towns
aJ-ong the river thus became way stations on the east-west
caravan routes which crossed the region, arching north-
ward towards the highlands of present-day Turkey.

The main contribution of the Euphrates to the
ancients was as a source of irrigation water. I{ater vas
and still is lifted by giant water wheels called norias
onto the fields in Syria and northern lraq. Watet was
also brought to the land by canals, made possible because
the Euphrates is higher than the Tigris north of Baghdad
but lower than the Tigris south of that city. Thus,
irrigation water from one river can be drained away into
the other streau and into canals paralleling the two
rivers. In modern times, gasoline and electric pumps
play a significant role in Iifting water.

As earJ.y as the fourth millenium B.C.E. agricultural
settlements with teurples and loca1 irrigation networks
were part of the Mesopotamian landscape. The Sumerians
and Babylonians brought water to their fields and cities
by canals from the Euphrates. Documents from the tlne of
Hammurabi, the Babylonian law giver of the early second
millenium, refer to maintaining the irrigation systems.
Similar irrigation works were undertaken by ruLers as
late as the Abbasld Caliphs (A.D. 750-1258).

The destructj.on of much of the canal system during
the Mongol invasion of the thirteenth century, conbined
with subsequent negleet and the breakdown of central
administration, led to a gieneral abandonment of such
works until nodern times. Poor drainage in the lowlands
near the river allowed salts from the mineral-rich irri-
gation water to poison the soil. Beginning in the nine-
teenth century, much of this land has been gradually
reclaimed 'through careful washing of the salts from the
fieLds. Ancient canals have been cleaned and rebuilt,
and new systems constructed for irrigation and drainage.
Barrages such as the one at Hindiya in Iraq (built in
1913) have been erected across the river to raise its
level and divert water for additional irrigation. Large
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dams and resernroirs have been and are being constructed
i.n Turkey and Syria. It is the purpose of this study to
place the projects of those two countries in clearer
perspective.

L.2 fhe figris River

The Bigris River is the second longest river in
southwest Asia (L1840 ,a/L,150 niles). Its name comes
from the Suuerian ldigna, which beeame ldigLat in
Akkadian, Tigra in Old Persian, and Tigres to Herodotus
(circa 450 B.c.E.) and those after him. Modern Turks
refer to it as the Dicle, pronounced "Dijla", which is
also the Arabic name.

The Tigris rises in eastern Turkey near Lake Hazar
(elevation 11150 m/3,773 feet) and flows southeast to the
Turkish city of Cizre, where it for:ms the border between
Turkey and Syria for 32 km (20 niles) before entering
Iraq. Midway between Tikrit and Sanarra in frag the
river enters its delta, and from there on forms the east-
ern part of the conplex Tigris-Euphrates system which
both waters and drains the lowlands of Mesopotania. On
its journey through Iraq numerous tributaries enter the
Left bank of the Tigris from the Zagros Mountains to the
east. Among these tributaries are the Greater Zab, the
Lesser Zab, the Adhaim, and the Diyala. Near Qurna in
southern Iraq, the Tigris and Euphrates join and continue
as the Shatt al-Arab for the remaining L79 kn to the
Gulf.

Great swamps stretch on both sides of the Tigris
from Qurna northward for 80 km. The river is navigable
with difficulty as far north as Baghdad. From Baghdad to
Mosul the route is sometimes plied by shallow draft motor
boats, but above Mosul any river traffic is downstream by
kelTek rafts only.

The location of the Tigris near the foot of the
Zagros Mountains allows its tributaries to be filled with
water from both nelting snows in the spring and rainfall
in warmer weather. When rai.n and snowmelt occur
together, the accumulation of water j.s enormous. Thus,
the Greater Zab may supply up to 55 percent of the flow
of the Tigris for brief periods in April and May. Holrr-
ever, so much water is removed by irrigation canals--such
as the Hilla and Gharraf canals--and natural distribu-
taries leading into Lake Hammar that the peak flows fluc-
tuate betreen 14r0o0 cu m/s near the confluence with the
Diyala to a scant L79 cu m/s at Qurna. The volume of the
river also varies widely from tine to tine at any given
place. At Baghdad, the minimum recorded flow was 158 cu
$/s, the mean is L,236 cu m/s, and the maximum lras L31000
cu m/s. This compares with a minirnum flow of 181 cu mrls
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and a maximum of 5 ,2AO cu mrls on the Eurphrates at Hitl.
The Euphrates thus has a more reguJ-ar regime because ofits greater length and fewer downstream tributaries;, theTigris is famous for its floods.

The danger of flooding at Baghdad has resulted in a
scheme to divert excess water from the Tigris into the
Tharthar Depression between the ttro rivers, and then to
release the stored water into either stream as need
dietates. A second project, yet to be completed, willprovide an outfall drainage canal to remove irrigation
uater from 1.5 nillion hectares between the Tigris and
Euphrates rivers into the Gulf (3561).

Along with the Euphrates, the Tigris has played an
important role in human affairs since ancient times. The
Assyrian capitals of Asshur, Nimrud, and Ninevah were
located on its banksr BS were the Seleucid cities of
Seleucia and Ctesiphon. From A.D. L97 to 237, the
Tigris north of Mosul served as the boundary of Ronanllesopotania. Later, the Abbasid towns of Baghdad,
Samarra, and Mosul prospered there. While these cities
took part in the trade and transportation activities
associated with the river, their actual prosperity uas
based on the surrounding irrigated farmlands.

Modern development of the river is under vray. InIraq, a $1 billion Mosul urulti-purpose hydroelectric andirrigation project is being implenented. There areexisting dams and barrages such is the Darich Dam near
the Turkish border, the Aski Mosul and Batiji Dams in
mid-course, and farther downstream barrages at Samarra
and Kut. Other projects including the Bekme Dam on theGreat Zab and the Himrin Dam on the Diyala are planned
for the east bank tributaries. In Turkey, the TigrisRiver is .an integral part of the GAp scheme. TheKiralkizi and Dicle Dams are under constructioni thedesign for the Ilisu Dam has been completed; and plans
for the Cizre Dam are nearing conpleti;n(0644)

1.3 Iurlcish NatLonal Bydrodevelopment prograus

Because Turkey controls the headwaters of the Tigris
and Euphrates riversr dr understanding of the Turkish

tCurparison of thesc figures rith those given at the begiminE of the previous sectim
deBonstrates thc conptexity of the data pertinent to these discussions. The eartier figures
refer to totaL artr,ral, ftor, drich nEy vary throughout the year; the tatter refer to ephemerat
ftors dlich tast for varying, ard sometinres very brief, periods of tine. Att such data pre-
sented in thcse introdwtory coorEnts m.rst be tEken as provisionat. Ihe dctaited anatysis in
the chapters that foLtor ritt give the rpst accurate and definitive accourlt possibtc of
nsturat ftoxE and hrman utilizotions.
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hydroelectric development program is essential to the
study of the two rivers. The first question is, rrHas

Turkey the technological and management skills necessary
to accomplish the anbitious plans alluded to above?tr A
brief historical summary of water utilization in rnodern
Turkey, and in the Ottoman and earlier states that pre-
ceded the Republic, should provide a firm ttyEsrt answer to
this query.

1. 3. 1 Pre-RepuDlLcan ,|lLues

Constrruction of water use systems in Asia ltinor
dates from the Hittite and Urartu periods (as early as
3000 B.C.E.), and has continued almost uninterrupted to
the present. Some of the dams built in Van province over
a thousand years ago are still in use. People in the
Urartu period were pioneers in building small dams and
diversions throughout eastern Anato1ia. Unlike the
Iarge-scale irrigation and flood control systems in other
cultural hearths, such as Egypt, Mesopotania, the Indus
and Hoang-ho valleys, th_g_ ancient systems in Turkey were
mainly uiuan water iorks(353s).

In more recent centuries, sophisticated aqueducts
and cisterns were built in Asia by Greeks, Persians,
Romans, and Turks. Both Seljuk and ottoman Turks con-
structed hundreds of fountains and diversion daus for
donestic use in towns and villagtes, and for watering
animals on cornmon pastures. Tab1e 1.1 lists eight of the
Iargest such dams built by the ottomans prior to the
Republic. They also developed fountains and irrigation
projects along caravan routes. The law was clear to all:
Water was AIIahrs gift and no one had an ownership elaim
to it. Such may not be the case in Turkey today.

1.3.2 Dgr

Turkeyrs hydrodevelopment program is managed by the
DSf. Now under the Ministry of Energy and Natural
Resources, this Directorate was established by Law Number
5200 on 18 Decernber, 1953. It is charged with ltmultiple
utilization of ground and surface water and [with] the
prevention of soil- erosion and flood damagies. rr The
specific responsibilities of DSI are: to build protec-
tive structures against floods; to drain swampsi to build
irrigation and drainage systemsi to construct hydroelec-
tric power generation plants; to develop all stages of
water supply and water treatment plants for settlements
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over 100,000 population; and to improve navigable rivers
(although these are almost non-existent in Turkey).

DSI is a three-tiered line organization. Its top
management level is the General Directorate office in
Ankara (Figrure 1.1). The secondary or staff leveL is the
Division office in Ankara. The tertiary level consists
of the Field or Regional Directorate offices (Figrures L.2
and L.3); there are 25 Regional Directorates dispersed
throughout Turkey (F.igure 1.4). Figure 1.5 is an example
of line functions below top staff division level. fn
L983, DSI had a total of 25,702 employees.

The 25 Regional Directorates are divided into
Central Regional Offices, Fie1d Division Offices, and
Field Section Offices. Major functional offices are:
Mapping; Hydrometric lieasurementst Land Management,
Classification and Drainagei croundwater Activities;
and Planning and Construction for Major and Minor Water
Projects. These functions are interdependent, but will
be discussed separately2.

t[apping. DSIrs General Directorate of Mapping pre-
pares maps for irrigation areas, dam sites, resenroir
areas, and hydrographical areas. Standard scale is
3":5, 000.

Hydtonetric illeasurement. Accurate data are an es-
sential first step in developing water resources.

Zsee Tabte 1.2 and llap 11.2 for the pop.rLation and tocation of these DSI regions.



I Tttrkey, the Basin, and GAP

Tabte t.1

DAIIS Co|ISTRUCTED III TURKEY PRIOR TO THE REPUELIC ERA

9co-
Iopuz

Bun*
Topqztu
A) /at
Vatide

Ki raz[ i
Yeni

Etmati

Locatlon

lstanbut

lstanbul.
Istarbul,
lstBnbut
Istartut

IstartuL
lstlnhrt
lstarililt

Height
inm

8.60

12.15

16.00

13.45

13.50

13.00

17.00

19.75

Yesr

Reservoir Volum
incum

70,000

1,319,000
160,000

l56,0oo
255,000

105,080

217,500
'l ,7oo,ooo

1620

1724

1750

176'
1796

1818

1839

1893

Rrri I dar

suttan osnan lI

suttm Ahlnct tll
sutten Iahrut I
Suttan tlBtrfr III
sult8n Sctim tlI

Suttan xthmrt ll
Sutten llthmJt Il
suttan Abdut lladd ll

Sounce: DSt(5000)
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Hydroelectric projects, irrigation progtrams, and flood
control programs are dependent on measurements of stream
flow. DSI has established a hydrometrical network in itE
water basins. The Electrj"cal Investigations Administra-
tion participates in data collection and provides stream-
flow gaugi.ng data to the national hydronetric network.

Streamflow gauging stations were first established
in 1935. Data collection has expanded from larger basins
and main tributaries to smaller streams. By 1983, DSI

9
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Tabte 1.2

POPULATISI OF TURKEY 8Y DSI REGIOXS

(1960--1980)

9

Reoion

I
il

III
lv
v

VI
VII

VIII
IX

x

XI

XII
xtlt
xIv
xv

xvt
xvt I

XVIII
xIx
xx

xxI
XXI I

xxn l

TOTALS

Year (1960)

991 ,357
1,905,327
1,244,271
1,239,&36

2,w2,225

1,&6,535
2,069,592
1,554,035

960,488

987,539

792,431

1,245,934
416,1r0

1,992,092
40l,g1g

575,4A
947,4U
669,922

1,059,153
1,192,401

1,602,798
1,002,679

100,879

27,754,920

Year (1970)

1,?31 ,470
2,44r,638
1,494,74?
1,607,376
3,224,679

2,217,3U
2,543,585
1,999,525
1,235,650
1,154,9U

875,510

I ,507, 595

577,334
3,020,917

538,131

u7,798
1 , 133,250

731,403
1 ,439,Tfi
1 ,443,673

1 ,934,606
1,190,255

1 ,1 1 1,051

35,605,176

Year (1980)

1,745,391
3,165,929
7,736,639
1,983.050
4,156rm7

5,185,945
2,963,6'
2,139,98
1,4461629

1,798,600

1,007,436
1,780,246

748,7A6
4,741 ,890

&2,736

'l ,1u,423
1,273,901

750,144
1,914,324
1 ,693,971

?,076,574
1,405,458
1 ,244,745

44,736,957

Source: DsI(5000)
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operated LrL44 gauging stations disbursed on the average
of r per 67i sq tfoto5zzr;

Land ltanagement, Classification, and Drainage.
Since 1953, DSI has included entire drainage basins in
its plans for water and land management. Initially, only
the plains of Turkey had seen included in the evaluation
of soils, draindg€r and irrigation potential. DSI con-
ducts a four stage program for water and land develop-
ment: reconnaissance, initial land classification, pre-
lininary drainage studies, and detailed land classifica-
tion and drainage analysis.

Reconnaissance studies survey agricultural land
availability and present land use, identify areas with
water problems, and prepare maps at 1:100r000. These
studies have been conpleted for all of Turkey, with
surr/eys, maps and reports for a total of 4919951905
hectaiel to:zzr'

From L954 through L982, DSI had classified
10, 116, 558 hectares oi land <d527, . There are six land
classesr of which classes I through IV are irrigable with
increasing degrees of difficulty and cost of preparation.
Class V land is tenporarily deemed non-irrigable pending
detailed technical and economic feasibility studies.
Cl.ass VI lands are those that are irnpracticable for agri-
culture because of inaccessibility, slope, soil deficien-
ciesr or urban use.

Drainage studies are essential for irrigation proj-
ects. Artificial and natural drainage are key factors in
developing the optinal water table and controlling salin-
ity. These studies are conducted as the third stage of
water and land development potential.

After the previous three stages, a more detailed
land classification and drainage analysis is undertaken.
Areas are mapped at 1:5r000. These detailed studies take
between two and three years to complete. Since 1970, DSf
has suffered diminished capacity for detailed studies.It is trying to correct this insufficiency, but the lackof sufficient trained staff and technicians remains a
management problem for DSf.

Gtoundtrater. Since 1959 DSI has conducted an active
program of hydrogeological and geophysical investigations
and exploration drilling during its reconnaissance phase
to detetmine the location, amount, and quality of ground-
water (Flgure 1.5). The final outcome of the reconnais-
sance phase is a |tGroundwater Reserve Reportrr for the
individual basin region that is under study. The reportprovides the data from which the planning phase begins.Tlis phase analyzes groundwater resenres and allows plan-
ning for rater development projects. In early 19aa,analysis revealed an annual groundwater reserrre of g.s
billion cu IB which could irrigate 5oorooo hectares(4851).
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1.3,3 Planning 'pd coDBtr'ctiou for r{aJor and [Laorfatsr proJecte

Dsr categorizes its projects into major and minorworks- About 5 percent of th6 annuir u,rag6t iJ devoteato minor projects which affect smali areis and requiresmarl investment- These provide u"""iit" for small areasand reratively f"y _peopie, but - itr"y offer a quickeconomic and sociar-relurn that can be used to lessensocio-economie problems. Major --wortcs 
benefit thenational econony and incruae eiti"" ,ii"i rlIii"i. ArIof Turkeyrs water basins have been fi;";tig;t"d, andpractically arr. pranning for water resource developmenthas been conpletLd. aiong major ,"iir, there are 194projectE in the-planning stige.- ' %'Y-Y s't

.I'Iinor projects iicrude new and repairabre smarlgravity irrigation a?d punping- pi"i""ts as wer.I as emarlflood contror. ?nd draiTale irojeii=l--iurrace and grround_water irrigation Ffoje6ts are usually devefopea 6y DsIand assumed by soLr lnd wate" a;G;itir"" for initiar.cost, as welr as long-term nainteni""". DSr bad dril.led5,712 werts and consfructed 111 d;ii detention dii= by1983. Additional minor projt"t"-i".1uded 2,262 flood
::iii:*""f3?.t*ri:ies to prolecl Ls2,i7s-trectares and 1 ,s6z

Dsr arso maintains an operation and maintenancefunction as well as research anl devel-pment.

1.{ Strategy for tLe Future

By 1985, Turkey had constructed and put into oper-ation 100 dams- ThLse nurtipie n""n";; dams serrred forirrigation 
_ 
(Tabre _ 1.3) , 

- gboa 'coitior, hydroelectricenergy, and for domestic and industriar' ,;l;;--r"ppry.Turkey plans eventually to construct 5oo more dams, 430of which wilr be hydroeiectri" il;;;-plants. Dsr studiesindicate that tlr:ri go"ir-wili ir""iaE-naximun-uiiriiy orTurkeyrs- potential water resources. There are 66 new
13*" . aTd hydroerectric pow"..plants already being con-structed, whire the finai aesiin iii= u""" compreted foran additional 30 

. Already undei finar aesiqn-;;;-ti noredams and hydroelectri" poi", plants.
As has been pointed out_(485e), Turkey is in a positionto achieve agricutturar serf-sufficieircy ald possibrysurpluses to serl to the rest of the Middre East.

-The term rater basin is used here in pl,ace
drainage do not havc a singte river to serve as a
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of river basin. Several areas of intcrnaL
focus of definition.
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However, the economic future of southeastern Turkey and
the future supply of energy to Turkeyts national economy
depend on the success of GAP.

The GAP is an anbitious effort to reduce Turkeyrs
ener!ry deficit, raise the standard of living in eastern
Turkey, and ease the political instability in an area of
insurgency. As will be seen in subseguent chapters, GAP
is much more than dams and irrigation canals--it is an
integrated nega-hydroelectric and agricultural project
that seeks viable development for Southeast AnatoLia.
GAP is a significant element of Turkey's national water
and energry'development progframs. GAP!s potential for
success is greatr ds is its capacity to create a whoLe
panoply of new problens.



L2 Tarkey, the Basin, and GAP

. Tabte 1.3

IIICREASE II ITRIGATED AREAS I}I TURKEY

(1963- -1980)

Develornpnt Ptan
Irrigated Area

in ha

258,856

296,698
332,329
,56,582
t47,364

499,338
558,993

597,717
619,998
&,412

71r,901
776,500
838,015

886,631

933,704

968,086
1,016,640
1,050,46?

t
I
I
I
I

il
II
II
ll
II

Iil
III
III
ItI
IIT

IV
IV

IV

Year

1963

19&
1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

t980

source: DsI(5ooo)



Chapter 2

Tbe Soutbeast AaatolLa ProJect: An OvervLew

The Tigris-Euphrates is among the world t s great
river systems and Turkey's projects for developing and
harnessing the potential of that watershed merit--for
sheer size and complexity--a very honorable place among
the hydroelectric development schemes of the modern
world. The Southeast Anatolia Development Project (SEAP,
Guneydogu Anadolu ProjesL/cLP) and related efforts are an
integrated development plan encompassing a wide array ofphysical, social, and economic infrastructures. It is a
massive undertaking of international significance, whose
closest conceptual analogs are the American Tennessee
Valley Authority or the Mekong Valley Scheme.

The area covered by this project is remote and the
terrain is difficult. Because of its relatively sparsepopulation for several decades this watershed did not
figure at the top of the list of the Turkish Republicrs
development priorities. OnIy when major needs of more
populous regions bad been addressed did Turkey turn its
eyes to the Euphrates in the early 1950s. For reasons
both political and financial, Turkey has chosen as much
as possible to build its Tigris-Euphrates projects
largely on its ohrn, using Turkish money, Turkish compa-
nies, and Turkish know-how--an admirable accomplishment
for a developing nation. Due in part to this decision,
Turkey is now an exporter of engineering expertise and a
competitive bidder for development projects throughout
the region.

A project of such magnitude inevitably carries with
it major impact,s. Turkey is not alone in its use of the
Tigris and Euphrates river basins. The changes in thequantity and quality of the water flowing downstream to
Syria and Iraq will be analyzed in depth in subseguent
chapters. This is not, however, a totally negative pro-jection, for Eurkey alone, among all the nations at the
eastern end of the Mediterranean Sea, has a sufficient
surplus of fresh water which it may be willing and able
to share with its parched neighbors.

2.L Overnl,er of GAP

GAP is a massive, planned development program within
the Turkish portions of the Euphrates and Tigris river
basins. The project includes land along the border with

13
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Syria and on the internrening plains between the twc
rivers (Uap 2.L). The GAP vill include dams, hydro-
electric power plants, irrigation projects, and infra-
Etructure supporting not only agriculture but other eco-
nomic and social quality-of-life improvements such as
transportation, non-farm emplolment opportunities, and
iuproved education and health serrrices. Given that GAP
uill create economic, social, and spatial changes once
energ[y and irrigation schemes come on line, the Turkish
government views the project as a comprehensive rrinte-
grated regional development project. rl

Six provinces (vilayets or iI) are in the project
area (Maps 2.2 and 2.3a-f): Adiyaman, Diyarbakir,
Gaziantep, Mardin, Sanliurfa (frequently referred to as
Urfa), and Siirt. For organizational convenienee, the
GAP is divided into the Euphrates and Tigris development
plans, of which the Euphrates portion is well under way
and the Tigrls portion is in the beginning stages. There
are 13 Large sub-projects altogether, 7 of which are on
the Euphrates River (Lower Euphrates, Karakaya, Euphrates
Border, Suruc-Baziki, Adiyaman-Kahta, GazLantep-Araban,
Gaziantep) and 6 on the Tigris (Tigris-Kratkizi, Batuan,
Batman-S5.lvan, Garzan, Ilisu, Cizre) (Map 2.4). f,hese in
turn include 15 dams, L4 hydroelectric power stations,
and 19 irrigation projects. On the Euphrates, the Keban
Dam is already completed and producing electricity, as is
the Karakaya Dam on the same river. The latterts reser-
voir is filIed, and the first of its eleetricity rras pro-
duced in October 1987. ?fork on the largest dam of 

&+.},the Ataturk, is proceeding at an accelerated pace( .
A}though the Keban Dam, upstream on the Euphrates near
Elazig, is not considered part of GAp, its presenee makes
it an integral element in the management of the river.

Turkeyts economic planners are optimistic about GAp
(TabLe 2.1). They believe the complex of hydroeJ.ectric
dams and irrigation canals will greatly improve the eco-
nomic and sociaL life of this area, which in the past has
lagged behind that of the rest of the nation. According
to them, in less than 30 years, when GAP is scheduled for
completion, about 2 nillion hectares of land will be
irrigated in the Euphrates-Tigris river basj.ns including
the GAP project area. This would be a significant
increase representing 54 percent of the total public andprivate lands pre.g_eptly irrigated in Turkey (3,L76,33O
hectares in 1983) (u))u). The change will be dramatic, for
in 1985 only 4 percent of Turkeyts irrigated fields were
located in the six GAP provinces.

GAP eventually will increase Turkeyrs instalLed
hydroeLectfj.c capaeity by 7.520 UW, double the present
amount, and is expected to generate 22 billion kWh, or
nearly two-thirds more than the amount of electricity
produced hydroelectrically in the entire country (Table
2.21 in 1984.

GAP is an extrrensive endeavor, costing in 1981
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prices about $90.25 biltion (TL 2,27O billion). However,
using the 1981 price index, GAP when finished wiLl con-
tribute annually about $g:f nillion or TL 70 billion to
the Turkish economy (in 1981, $1 = TL 75i by 1987, $1 -TL 900). Preliminary estimates are by definition tenta-
tivei consequentJ.y, adjustments to costs must be made
throughout the development cycle of this project.

The entire project for both the Tigris and Euphrates
river basins is scheduled for completion by the year
2OL3. This conpletion date is also subject to revision
and redefinition; the progress of GAP and its future
prospects are discussed in detail in the final chapter of
this work.

2.2 Tbc Developuent of, GAPI I Cbroaological Revier

The Euphrates and Tigris rivers attracted the
attention of planners in the early years of the Turkish
Republicr .but the remoteness of the region and the more
pressing matters facing the young nation prevented action
at that time. A gauging station was established at
Kemaliye near the present site of the Keban Dam in 1936.
This was among the first such in Turkey. Development
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Tabte 2.1

BEIEFITs ExpEcrED AFTER ntvER DEvELopxElrT rx ruRrEva

15

Erphrates
Tigris

TOTAL

ALL TUNKEY

I rri gated

es-!-B-he

1,5(b,U7
525 -336

2,0r2,203

5,925,032

F tood
Controt
in ha

1,220

lnstat ted
capac i ty
in llU

8,752.36
3.405 .68

12,158.04

30,91 I .50

En€rgy

Product i on

in Gtlh

35,119
12.&4

47,763

109,64

Uater
in ilcm

82.5

812.5

2,52O.1

1,220

512,320

Source: Dsl(4860), 19F3 Statisticat Buttetin rith ltaos, p. 24a.

a lote that nunerous estimates of devetopnent benefits have been R.btished for GAP. Figurcs
given in this tabte do not necessarity reflect those selected for analysis in the lccQarry'
ing text. tloreover, the vatue given in this tabte for the ELphrates routd lttctude 1,280 kl,
instal,ted capacity for the KcbanDam, rhich, technicatly, is not inctuded in G P statistics.
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planning for the region was further delayed by World I{ar
II. After the war, the General Directorate of State
Water Works (Devlet Su Isleri/DSI) was established in
1953. This expedited large-scale hydroelectric planning,
in which the Keban Dam and GAP hrere to assume an irnpor-tant role.

The development of large hydroelectrj.c projects sas
favored by the faet that Sulelman Demirel, forrrer premier
and former chairman of the disbanded Justice party,
received his degree in hydrological engineering fron the
Technical University of, Istanbul and continued his educa-tion through an Eisenhower Exchange Fel}owship in theUnited States. Upon his return to Turkey he became, in
1955 at the age of 31, the Director of DSI where he
earned the nickname, xKing of Dams.rt When his fortunes
1ed hin into politics he became prime Minister following
the Justice Party victory of 1965. Following that elec-tion he helped obtain $goo nillion for construction of
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Iebte 2.2

IIISIATTED ETECTRICAL CAPACI TY AT{D PROUCT IOI.. I981

TURKEY AIID SELECTED CCI,I}ITRIES

(GAP Capacity Shom for Corparism)

lnstatted Production Productifi 19 Plrcetrt
Caoacitv in tlt in Gllh/vr of Potcntitl Prod.tctiongE4EIIJ_

Iurkey
G P (potentiat)

Frrncc
Itaty
Yugostavia
Grccce
PortugsI

Turfey in 19&4:

llydroelectric
ThermaI

2,171
(7,620,

19,500

15,76
5,510b
1,714
5,6'.16

12,616
(22,ooo)

70,6824

45,736
26,558
3,408
5,193

13.423
17.185

30,608

r1.5

m.7
80.2
40,2
16.5
30.6

3,875
4.5U

Total lurkey in 1984 8,459

Source: Dsl(4860), 1983 strtisticat BuLl,etin Hith xaos , w. 245-246.

a Figures for 1980.
b Figrr"" for 1979.
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the Keban Dam, and on 18 October 1976 presided at the
laying of the foundation for the Karakaya Dam. It rf,as
duri.ng thiE period that the plans for the GAP were pre-
pared and the search for credits for the Ataturk Dam was
Legun(a8621 .

During this same period, Turgrut Ozal, destined to
become Prime Minister in the 1980s, fi.nished graduate
work in the United States in economics and engineering
and ^-eturned to Turkey to senre as General Deputy Direc-
tor of the Electrical Studies and Research Adninistration
in Ankara during the late 1950s. At that time he direc-
ted studies of the Euphrates and Tigris rivers and of
their hydroelectric potential. A series of reports were
authored and subsequently published by Korkut Ozal,
younger brothea-o-f Turgiut, which ernphasized the potential
of the regiiontsfts). In the political canpaigns of the
nid-eighties, both Turgut Ozal and Sulelnman Dernirel wouLd
claim credit for the Keban Dam and the inception of GAP.
Certainly both Ozal and Demirel were important in the
early years of these projects.

In any event, the potential of the Euphrates region
lras recognized and projects for the derielopnent of its
soil and water resources were begun in 1961. AItEuphrates Survey Reportrr and another trLower Euphrates
Project Surrrey Reporttr were produced in 19G4 and Lg66
respectivelyr.

In the meantirae, preliminary work on the Keban. Daufarther upstream began in 1964-1965, the same year that
the Ministry of Power and Natural Resources hras estab-
lished. The Keban Darn project was seen as part of a muchlarger scheme, although to this day it is not includedwithin cAP. In 1968, the Keban Dam was reported as being
able to provide 'rirrigation of 1.Gs nillion hectares and
600 nillion kl{h electricity by L972. . .rr (Turkish Economic
lfers Summary, No. 310, L7 June 19G6, cited in
Hershlag(486t page 193, note 4). Since the Keban Dam issolely a hydroelectric project not intended to provide
extensive irrigation, and since the figure 1.G5 nittionhectares corresponds reasonably to amounts predicted for
GAP downstream, it seems safe to assume that the
development of the entire Euphrates was being discuEsedat the tirne2.

The main contract for construction of the Keban Dam

lThis author has not examined either of these reports. They are refcrenced in l{ecmi
somez, Ati Bal.aben, lrd rchltnt r. xa.adeniz(4S7), p. 5.

zll,though thc keban Dm has consistentty been referred to in Turkish publicctione as
sotety ! hldroetetric generating facitity, a recent ners release (!lglg!q!, 27 llovet6cr, 1987,
p. 5). rcfere to a p'oposed rrKuzovs Projectr! by means of rhich n300,000 donunst. (i.e.', 30,000
hectar€s! of tand rctrtd bc irrigated by raters from the Xeban reservoir. colputations in this
autysie do not irrl.ude any Hster deptetions that might resutt from such a projcct rcre it to
be futty irptemented.

t7
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rras signed 19 February 1955, between the Turkish govern-
ment and Scf-Impreg1io, a Franco-Italian consortium.
Work uas financed by the European Investment Bank, ,t?$*l
and the French, Gennan, and Italian governments
(Turkish Economic llervs Summary, No . 295, 25 February
iges, cited in Hershlag(a85sl , pige 223, noie 5). Total
cost in 19:14 dollars was about $85 million (TL 8,O0O
nillion) (0e07). The foundation of the dam was Laid 12 June
L966, and ils reserrroir was filled and power production
begun in 1974.

At that time, the project was described as a con-
necting link helping to integrate the separated power
sub-grids of the country as well as providing much needed
energy for both the northwest and the southeast regions
(DsI, Keban Barajir ED early undated pamphlet, Ankara).
At the sa&e tine it was written, trPlanning of the
Euphrates catchment area is closely concerned with the
construction of the Keban Dam where 4 eastern provinces,
3o counties, and 1820 villages are concerned: . . . r (4864) '

The Second Five Year Plan: 1958-L972 included construc-
tion of at least four dams in the southeast: Keban
(L9741, Surgu (1959), Medik (L9751, and Cip (1955).

Work continued apace. By L97O, electrical produc-
tion pl.ants and transmission systems owned by the Iller
Bank and DSI hrere transfered to the Turkish Electrical
Authority (TEK) by law number L3L2(4865) . In 1958, twoyears earlier, contract bids hrere solicited from foreign
and domestic firrrs for feasibility studies for additional
hydroelectric stations and for a master irrigation p1an,
both of these items having received priority in the
surx/ey reports mentioned above. These studies rrere
conpleted in 197O. A series of works were suggested, to
be carried out in the following order:

1. Karakaya Dam
2. Golkoy Dam
3. Midd1e Karababa Dam
4. Bedir Punping Station
5. Bedir Danr
5. Urfa Tunnel
7. Hilvan Punping System.

lhe reports indicated that 7OO,00O hectares nould be
irrigated as a result and that 2,7OO ylltt of installed
capacity would produce L4.8 billion kWh/yr. However, the
subsequent leap in world petroleum prices required a
revised analysis of energry and punping projeets in
Turkey. As a result, a nehr report, the ttHigh Karababa
Dam and HES (sic: i.e., Hydroelectric Station) Summary
Reportrr recomnended that the Middle Karababa Dam be
raised 60 m, and that the Golkoy Dam and the Bedir Dam
!'rere unnecessary. It also meant that the Bedir Pumping
Station was no longer needed and that ener!ry consumed by
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the Hilvan Pumping System would be reduced a significant
anount. The rrUrfa Hydroeleclric Central and Harran Ova
Irrigation Planning i,eport, x3 which lras prepared in the
same year, separated L42r00O hectares of irrigated land
south of Harran from the lrtardin-Ceylanpinar irrigation
scheme and gave priority to the former.

Despite diffieulty in obtaining fuIl outside fund-
ing, contract bidding for work on the Karakaya Dam was
calIed in L976. Tlie reselrroir behind the dam began to
fill in November of 1985, and the third generating unit
began power production in October 1987. The cost to date
is estimated at about $9OO million<3&e,.

Also in L976, the L2 sub-projects that norr
constitute cAP were conbined under- that ;1i1"{308r).
Again, lt shouLd be noted that although the Keban Dam is
an integral part of the overall Euphrates development
scheme, it does not fall within the GAP.

Contracts for a hiqh dam at the Middle Karababa
site, subsequently renamed the Ataturk Dam and reservoir,
uere let in 1983. That project is scheduled to begin
electri.cal production in the early 1990s.

The cAP in 1987 included an area of 741000 aq kn
Lying between the Anti-Taurus Mountains and the Syrian
border, at that time, approxinately 42.OOO hectares were
irrigated with surface and underground waters in both the
Euphrates and Tigris basins (Table 2.3). The Keban Dam,
not technically part of the GAP, was producing hydro-
electric power. The Karakaya Dam was nearly conpleted
and already producing some electricity. In the easternpart of GAP, the Cagcag and Botan hydroelectric stations
had a combined operating capacity of 16 ![W. Conpared
with these modest achievements, the projected return on
the completed GAP j-s impressive. Tab1e 2.4 shows the
anticipated results of such development in the year 2010.
The figures presented in this table must Ue tiken with
some caution as they tend to reflect the optiuisn ofplanning groups closely associated with the project.
Nevertheless, the six provinces found within the GAp willprovide nearly one-fifth of all Turkeyrs hydroelectric
energy, irrigated lands, and surface waters in the_ years
ahead.

2.3 Sl.naaciag aad lsgociated problems

19

As with
for example,

all
the

vast development projects--as has been,
continuing case with the development of

rcrc tnavaitable to the author. Thcy are referenced in Somez, Eataban,
p. 5.

5Th"se reports
and xaradeni z(4857t ,
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the colorado River--there is concern both nationalry andinternationally about the feasibility, practicaUility,
and efficiency of GAP.

Syria and Iraq are obviously interested parties,
concerned about construction activities that could reduce
the annual_ _flow of the Euphrates and Tigris through their
countries(3235). Both nalions have iiportant frogramsincluding dams and irrigation schemes on the rivLrs- and
are reluctant to see a sizeable portion of the annual
flow removed for irrigation in Turkeytoeozl . The World
Bank and mgst internat,ional funding agencies are not pre-pared to support water projects involving internationalriparian rights unless aII affected countries agree uponuse of the vater involved. Turkey realizes this and
argues that the GAP will benefit everyone (i.e., Syria
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Tabts 2.3

EXISTIIIG IRRIGATIOX FR(I{ PSIDS AND U}IDAI,IIIED !'ATERS

Date

Ooen

1964

1970

1963

1961

1968

1973

1974

1976

't975

1978

1966

Purmse

t
I
I,A,D
lrD

I,A,D
I,A,D
I
I

I
I
I
I

I
I
I
t

l{eight
inm

8.75
5.00
8.45
4.00

14.00

14'.70

6.50
8.00

21.00

8.0
0.1
2.0
0.125

1.62
1.60
0.594
1.0

1.5

550

8
,:a

1&t

115

18

200

221

550

450

3,500

5,750
13,800

9,000
7.r00

capacity Arca trriEated
in ilcm in haI{ame

Gozegot

Xurtksyasi
Ortaviran
Desrn

D i nsekt i
Seri fbaba
l($1res

Eespinar

Yi tdittcpe
Hal i tan
tlaci kami I
Batman

llusaybin
Akcakate
Ceytanpinar
Devegecidi Dam

0istrict

D.Baki r.ilerkez
D.Baki r-llerkez
D.Baki r-Cinar
D.Baki r-llazidagi

llardin- Idi L

tlardin-Deri k

D.Baki r.Cinar
D. Baki r- Cinar

I{ardin-Dcri k

D.Baki r.Cermi k

Urfa
D iyarbaki r

Xardin
Urfa
Urfa
Diyarbaki r

1977

1979

1972 195.04

TOTAL = 42,361

souree: sormez, Balaban, Karadeniz(4S7), T"bt"" I and lI.

Purpose: I = irrigatioh,. A = animats; D - dmstic.
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and lraq). The Director of Turkeyts DSI has stated:
The annual flow leve1s of the Euphrates vary from
L62 to 70O cu m/s, depending, on the season. Once
the GAP is conple_le_d, there should be a steady flow
of 5O0-600 cu m/5toeozr.

In July 1984, Iraq agreed with Turkey to accept a
minimum fl.ow of -_I9_g_-c_q \/s, but Syria refuied to negoti-
ate at that tine (3227t<3252, .- discussions between syriai and
and Turkish leaders began in 19gG and are continuing. InJuly L987, Premier Turgut Ozal visited Damaseus; upon hisreturn he.announced the signing of a protocol with Syria
guaranteeing 500 cu mrls of Euphrates flow across the
border below Birecik into Syria. This agreement does not
address the July 1984 agreement with Iraq for a sinilar
amount of watera.

2L
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Iabte 2.4

PROJECTED POTE}IT IAL. . SOUTHEAST A}TATOL IA REGIO}I

(The Six GAP Provinces Estimated for Year 2010)

2L

Region as Percent
Resion furkev of TurkeyI teflr

Pop,tation (000) 7,572 82,234
lJorkforcc (000) 4,590 50,234

TotaL lrca (sq knlE 72,95E 7?4,815
Projected lrrigated

Arer (000 ha)b l.Eoo E,500

9.2
9.1

9.4

21.2

26.1

surface lJaters
(ilcm/yecr) 47,OOOo lgO,OOo

Hydroctectric Enargy
(bittion kuh/yr) ZZ 110 20.0

Phosphate Reserves
(nittion tons) 453.8 465.6 97.5

Asphatt Reserves
(mi t t ion tons) 39.5 39.5 '100.0

source: Sorm€z, Bataban, tGradeniz(4&7), T"bt" i8, p. 3I.

a Excluding takes.
b GAP "".".c Euphrates and Tigris basins.
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Turkish officials originally requested $1.5 bilLion
for the Ataturk Dam, $fso nillion for tunnel projects
associated with it, and 9200 qillion for equipment from
various internationit sources(3233). Because of syrian and
fraqi resetrrations about Turkey controlling the
Euphratesr flow, the World Bank hesitated in provid.ing
hard currency. Syrian and Iraqi obJections about GAP
also influenced otber international lendlng institutions
to refuse support(1760). Consequently, tenders for the
civil, electrical and mechanical contracts were delayed.
For example, although the Karakaya Damts civil works con-
tracts trere let to an Italian firm in' Septenber L976,
Turkey could not produce the necessary--foreign currency
becaule of serioui exchange shortagesl0eoat. as a resultl
contracts are now being awarded to Turkish fims and
internatignal companies such as Bechtel appear to have
lost orrg(522e.)

Regardless of financing difficulties, GAP officials
have proceeded with development and construction. In
L983, a contract to build the Ataturk Dam was awarded to
the Turkish conpanies of Palet Insaat, Seri Insaat, and
Enerqry-Su--renamed the ATA-Insaat Consortium. The award
of the Ataturk Dam project to Turkish contractors evoked
initial scepticism in both loca1 and international cotl-
Etruction circles, but ATA-Insaat has proven i-t does have
the resources and technical competence to conplete the
projsqg(3227). For example, exclusively Turkish contrae-
tors built the 179 m high Hasan Urgulu Dam in Samsun
Province between L972 and 1979.

Such positive attitudes subsequently paid off. In
March 1985, the Export-Inport Bank of New York and the
Manufacturers Hanover Trust loaned Turkey $fff nillion
for the Ataturk p66(5248), and European banks are nolr pro-
viding $+00 nillion for eguipment purchases. As a
result, the first of eight 300 l4W generators is scheduled
to start operation at the Ataturk station in DIay
L991(3250). the seven other generators are expected to be
on line by L994. Meanwhile, Swiss banks and the World
Bank, albeit reluctantly, Ioaned funds for the Karakaya
Dam whi.ch, originally scheduled for completion in L989,
had its first generator come into production in the
spring of 1987.

The government of Turkey is considering raising a

4Th" physicat situation is coopticated by the configuration of the Turkieh canat and tm'
net systcm drich ritt bring tlrEe $rantitics of rater to thc hedraters of thc Khabur ard
Satikh Rivers in the Syrian Jezirah. Iot onty ritt the fl.or of those streame bc attered but
the qtatity of 4heir ratGra ae rell. Such considerations arc tlpical of the potcntiat for
cmftict or cooperation drerever xiddte Eastern rivers are coneerned rhich has been anatyzed
and cmmnted on by aany, recentty in particutar by llaff and xatson(3235). The potcntiat
.rees of disagreennt rFntioned above as relt as other simitar situations relating to GAP ritt
be exmircd in the chaptcrs thrt fotlor.
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bond issue for the Ataturk Dam, as it did with the
Ataturk Bridge aeross the Bosphorus(3230). Prime Minister
Turgut Ozal, architect of Turkeyrs economic recovery
since the reconstitution of the government by the uili-
tary in 1980, beli.eves that the GAP wilL rrproduce enough
food, clothes, and other articles for an additionaL 20
nillion peoplert (3231) . ozal goes on to state that elec-
tricity from the Ataturk Dam project will pay for itself
and for the associated irrigation tunnels in four years.
His projection is based on selling electric power at 1984prices and does not include inereased cNp through in-
creases in agricultural production. Further elements of
this development are indicated in Table 2.4.

There are additional problems beyond financing. The
dam sites are in remote, mountainous areas, difficult of
access. fnfrastructure is lacking and roads, workerst
accommodations, and ancillary serrrices must be provided.
As a result, even with international financing, the Keban
Dam was completed four years late. There also remains
concern about shortages of skilled workers, from laborersto engineers, which may affect GAPrs completion(0373).

The reserrroirs impounded behind the urajor GAp dams
have necessitated and will in the future reguire the
resettlement of large numbers of villagers from floodedareas. Estimates of dislocated settlements vary. Some
sources have estimated 70r000 people from 57 villages
must be relocated from the reserrroir areas of the
Karakaya and Ataturk Dams $226r(oe73r. A television report(TRT) in Deceurber 1985 mentioned that 94 villages wrould
be moved for the Karakaya Reserrroir and 139 for theAtaturk Dam, with a total of 64,000 people from the 232villages. This would be an average of 276 persons pervillager En unusually snall population for any given slt-tlenent. Tabre 2.5 gives some average viLrage-sizes for
selected political units in the GAp region. ihe counties(rlcel chosen are among those bordering the EuptrratesRiver. rt is difficult to pursue this guestion iittrout
knowing the exact names of the villageJ involved. The
232 villages may refer to 232 nahaTTe (prural mahalLeler)or neighborhoods within villages. These are sometimes
discrete settlement units, particularry in rough terrain.
What does seem reasonably consistent is the 64;oOO-Torooo
population involved.
_ This problem nay well be further exaeerbated by thefact that many of the displaced villagers are Kurdish.
This is corroborated by the census booki, which give bothTurkish and Kurdish names for many of the settltnents inthis region. The entire Kurdish question is one thatraises issues of security and regional economic develop-
ment in a critical context. While it is not the purposeof this book to engage in political speculation, somefurther nention of the subject wilr be found in the con-
cluding chapter.

23
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Despite such hurdles, the Southeast Anatolia Project
is moving steadily toward completion. The GAP in its
entirety promises to reshape southeastern Turkey, and
perhaps all of the Tigris-Euphrates drainage basin beyond
Turkeyrs borders.

2.4 trhe Eupbratea Portiol of GIP

The Euphrates project will eventually have a com-
bined hydroelectric capacity of 5,44O MI{ and a potentia}
to irrilate 1.5 nillioir freclares (g.zOeS nillion-acres;.5
GAP has, in its scope, been compared with projects sueh
as the Tennessee Valley Authority. Given its many

5FiEu.e" vary
ststguents ritt be

considerabty fron source to source.
cl,arif ied in elbseqlent chapters.

Introdt/ctory estimates in surmrry
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Table 2.5

AVERAGE SIZES OF SELECTED SETTLEilEIITS

I}I GAP REGIOI PRO/I}ICES AIID C(UIITIES

Adiyaoan
SaBsat

Kahta

Provirrc ard
Setttement Setected Cotnty

Average Vittage Size
in Province

658

525

358

't,228
276

650

405

789

Diyarbaki r
Eismi l, 433

Cermik 435

Cinar 517
Cmgus 378

E tazi g

It57 vitlages rith Z),000 poputation..
!.232 vittages rith 64,000 popul,ationn
Averagc settlcmnt eize in Turkey

Source: Goverment of Turkey, State Institute of statistics, Census of pooulatiel bv Ad[in-
istrative Division, 16-10.25(4895).
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facets, Lncluding irriqration, it is one of the nost com-
prehensive developments attempted anywhere (Tables 3.1
and 2.3). The linchpins of this regional development are
three major dams: The Keban Project, the Karakaya
Project, ind the Ataturk Projgsg(324e) isee Table 2.61 .

2.1.L llbs f,ebaa ProJect

the Keban Dam is a compacted, rock-filled dam with a
clay core and a total embankment volume of 15.6 l{cm. The
damts foundat,ion height is 210 m, with a crest lengrth of
L,L25 D. Its resenroir holds 301600 Mcm and has an area
of 675 sq km, el-though in L982 it was reported as cover-
ing 680 iq p11t52ael . i major seepag" o"cuired in 1974 but
the cavern which caused it has subsequently been filled.
The dam is intended to regulate the seasonal fluctuatLons
of the river and to grenerate power (see footnoter psge
17) .

In July 1981 the Keban Dam was producing eLeetricity
from four of its turbines. The fifth turblne was on line
by Decenber and at each three-month interyal, starting in
llarch L982, the remainder came on line(0e07) The last
four units, resulting in L,28O MW final installed
capacity, entered production in 1983 G?zB) . During fuIIproduction, the average annual electricity ge;rerated is
Lxpected io be appr5ximately e billion iwr6(3242). Tota1
production from L974 through L97g with fewer turbines was
17 bil1io' 11146(0765).

With the cornpletion of the Keban Dam and resemoir,
the government announced that it had established river
flow_qt a minimum of 450 cu m/s and a maximum of 11000 cu
m/s(07651 . There is some evidence that significant varia-
tion in flow continues; moreover, reduced river flow dur-
ing the filting of the reserryoir resulted in a downstream
crisis between Iraq and Syria (see Chapter 5). The
impact of such irreguLarity on Turkish, Syrian, and fraqiproJects downstream will be considered in the chapteis
that f,olIow.

2.1.2 rbe f,arakaya ProJect

The Karakaya Dam is located about 156 km downstrearn
from the Keban Dam, near Cungus in the Diyarbakir region.
The Karakaya, with planned 11800 tltW capacity, lras com-pleted in late 1988. Total cost was est,irnated at $SOOuillion in 1981(0e07), toward which the world Bank comnit-
ted $350 nillion(0373) Annual electricity generation will
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be between 7.3 and ?.5 billion kwh(324e'(3242) .
The Karakaya is a concrete arch-t1pe dam with a

height of 187 m and a crest length of 462 D. Its
inp6undnent holds about 95oo Mcrn of s6gE3(3245). Its
enbankment contains about 2 Mcm of'concrete. Original
plans uere to attain porrer production by 1985, but this
ias derayed until 198? (0765) . The xarakala Dam is EinLlar
to the Keban Dam in that its purposes are to reg:ulate
stream flow and generate hydroelectric power.

2.1.3 Itaturk Drnr Power Etation,
trrlgatiol ProJect

The Ataturk Dam site is located near the town of
Bozova, 70 km northwest of Urfa and 181 kn downstream
from the Karakaya Dam. This project is one of the uost
anbitious engineering feats ever attenpted. It will be
the largest dam in Turkey; its filIed reserrroir capacity
as well as its ernbankment volume will make it the
fifth-largest dam in the worl6(3226)(3231'<322e) (see Tables 2.7
and 2.8) .

The damrs 18O n high clay core and rock-fiLled wall
rill inpound an 817 sq ktn lake with a volume of 48.7 ttcm.
The dam is built with rock excavated at the site, sand
and gravel from the river bed, and basalt rock trans-
ported from a site about 4 km away. The volume of the
Ataturk Damrs embankment will be 84.5 Mcm, making it
about five times larger than the Keban.

This third dam on the Euphrates will have a generat-
ing capacity of 2,4Oo MW from eight Francis turbines.
Plans are for generation to be controlled by the TEK in
Ankara. The reserrroir will provide irrigation for about
7301000 hectares, making it the first or second largest
irrigation scheme in the worl6(3228). The value of surplus
food production available for export for the region to be
irrigated by the Ataturk Project is estimated at 95 bil-
lion-annually<3z?7r. This will be produced on land in the
Harran, Siverek, Mardin, Ceylanpinar, and Hilvan p3.ains.
The irrigation system will be the largest in the world,
containing a twin-bore, 24.6 km main tunnel, 283 kn of
uain eanals, 150 km of secondary canals, and 200 km or
tertiary distribution canals.

General Kenan Evren, the Turkish Head of State,
fornal.Iy inaugurated work on the project in October 1981,
the centennial of Ataturkrs birth. The original plan ras
for completion by 1990 with the first turbine coming on
line in- Lg87(324e)- Conpletion date for the project was
delayed from L99o to 1993 because of credit difficu).ties,
but, recent government decisions may restore the comple-
tion date t6 the end of 1990(08e5)- consequently, -the
first turbine should be operating in 1991, with the

!!he
and



Southeast Anatolia Project 29

remainder on line by 1993.
Cost of the entire proiect has been estimated at

from g2 to $4 billion(324e)(38l).- The ATA-Insaat Consortiunhas made significant progress on the project. In June
1984, there were 8O0 workers stripping the site, building
roads, and constmcting a work camp with offices, stores,
workshops, living areas, and schools for workerstchildren. . Excavation has subsequently been completed on
the pouer house and about 30 kn of roads were built to
expedite heavy equi.pnent novement. Contracts for the
damrs turbines, generators, and electrical eguipment were
placed in March 1984 (Table 2.71 . Though its si.ze varies
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Iabte 2.7

ADDITIOIAT TECHXICAL PAM'{ETERS FOT ATATURT DAil AND POJER PTANT

Averagc Ftor{ 1026 cu m/s
Highest Recorded Flor 6160 cu n/s
Rivcrbed Etevation 380 m

Active lcservpir Votrme 19,300 ilcm

Dal Peak El,evation 594 m

Diversion Capacity 2i00 cu m/s
EottcrtOftt€t 2 x 5 stidinE gates
Bottom Oittct Capacity 1500 cu m/s

Spiltray Controtted sitt and canal
Atuil,iary Gatea 2 (5 n x 8.1 m) radiat
Auxiliary Spittray Capacity 1000 cu m./s

29

Intake Structure
Intake Etevation
Intake Gates

Penetocks

Diameter of Penstock
[ength of Penstock

Concrete gravity 8 entranccs
593.6 m

8 stiding (4.8 m x 7.7 n)

8 in the right abutment

Approximatety 7 m

Approximatety 600 m

PoHerho{rse Ctosed tlpe
Iurbine Capacity 4OO,OOO horseporer
Generators Verticat axis
cencratoP Capacity 315 ilVA

Frequency 50 Hz

Speed 150 rpn
Transfonners 3x8=24singtephase
Sr{itchyard Open twe

source: Dst(5ooo).
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depending on the season and the tasks at hand, the work
force has increased to more than 3,OOO.

The most difficult part of the dam's construction is
11200 km of drilling and grouting that must be completed
after diversion of the river is achieved. The grouting
will be in galleries driven under the damrs foundation
and in the walls of the valley6azt>.

2.1.a Gcological Conditions at the Ataturk Site

The Turkish Sunreying Adninistration began investi-
gating - possible sites for the Ataturk Project in
iga+(0765). The dan site that was chosen is locat6a where
the Euphrates enters a mountain pass. The dam is located
in a wide valley at the beginning of the pass, rather
than in the pass, because drilling and excavation r€-
vealed unsuitabJ.e geological instability farther down the
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Tabte 2.8

IHE TJORLD'S LARGEST DA'.IS

tlemc of Omt

olcar Cenpleted]

l{er Cornclia TaitinEs t19731

Prti (chlpetton) tuCI

Tarbeta t19761

Fort Pcck t19401

Ataturk IUCI

Yacyrct!-APipc IUCI

Danict Johneon t19681

Asrsn fiigh Dam t19711

Bemct IAC t195n
Cabora Bassa t19741

AlelgE ncl
lloorer 119361

Location

Arizms, USA

Argentina
Pakist8n
llontana, USA

Turkey
P.raguay./Argent i na

Canada

Eglpt/Stdan
Canada

llozacbiq.rc
Turkey
Arizona/llevada, UsA

Er$ankrrert Votume

in l{cm

209.500

200.000

121.720

96.A9
80.500
81.000

Reservoir CaPccity
in l{cm

'|.41 ,852
1 t5,OOO'

70,509
6:1,000

48,700
35,154

Sourcc: the Interior, Bureau of Rect8mation,
as quoted in lnformation Ptease Atmanac-'Attas and Yearbook"1987- 40th

578- -580.

Ihe maxinrn capacity of Lake llasser is 164,000 t-{cm, but the maxim.rn to rhich the reservoir
has becn fitted to date ras 115,000 ilcm in October 1f/fr(27681 . The actusl volrme is
significantty touer since the African drought.
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canyon.
The rock at the site itself is limestone in various

forms. The pass bottom is covered with rubble, worn rock
waste, and river alluviun. Terrace deposits of sandygravels 5 to 10 n thick cover the bedrock. Valley
alluvir:m does not exceed 9 m in depth, and the dam body
is set on a foundation of plicated limestone. The axis
of the dan lies--^e^ntirely within a thin bedded, slightly
marly limestone(3228)

The slopes of both abutment,s hrere originally covered
by a talus mantle about 1 n thick. The foundation rock
is dense, &oderately hard, and homoqeneous over the dam
foundation zone. A main fault runs east to west about 1
km south of the dam, but does not interfere with the dam.
However, the dam site is only 240 kn southeast of the
East Anatolian fault zone(1234). Since the dam is in an
active seismic zone, the dam design allows a maximum
horizontal acceleration of 25 percent G forces(3228). This
design should withstand any earthquake up to the 1 in 500
year occurrence.

There are some landslide problems upstream in thereserrroir area, but these are not expected to constitute
a danger to the dam. Seepage in a few karstic formations
at the dam site, which was discovered during prelininary
drilling, has been corrected by extending grout curtains
toward the right and left abutments.

2.1.5 fhe Urf,a TuDDel and EiIvaD Canal

The Ataturk Dam is designed for electrical energy
production and for supplying irrigation water to the urii
Tunnel and the Hilvan Canal. Irriqration from the reser-voir involves two separate systeni because some prains
which will receive water are iither higher or lowei than
the reservoirrs surface. The urfa Tunnel system will
take water from a branch of the reserrroir near Bozova toirrigate about 3OOr000 hectares of 1and by gravity flow.
The Hilvan Canal system will use water pumped 107 rn up
from the resenroiri the intake is located upstrean fron
the Urfa system and will provide water for about 4OOTOOOhectares. A total of T3orooo hectares will be irrigated.

Constrrrction on the Urfa Tunnel beqan in Lg77 and
was scheduled for completion in 1986 t0755) , a date nolt
postponed by unspecified delays. Water will pass throughthe two concrete lined 7.5 m (inside diarneter) tunnelsfor 26.4 km at a rate of 328 cu ur/s (Table 2.9'). There-after, canals, the first with a capacity of 53 cu m/s andthe second with a 255 cu m/s capacity, will convey ayearly maximum of 9,7OO Mcm of water to the Urfa-Harran
and Mardin-Ceylanpinar plains.

The Hilvan Punping Station will lift water from the

31
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Ataturk resenroir to the Hilvan Canal. The canal will
extend 150 km eastward and provide water for 541500 hec-
tares in the southern part of the Siverek-Hilvan plains.
A dam is to be built at Golebakan with a reserrroir to
supply water to secondary canals feeding another 79 r5OOhectares in the same plains. The main canal will extend
south and pass through the 5.7 km Siverek Tunnel. It
will also pass through the 7.9 km Mardin Tunnel to convey
water under the Tek Tek Plateau to the Mardin plains.
From that point, the canal will extend 81 km farther and
irrigate another 14010O0 hectares. Punping stations are
planned to lift water to the Lake Yenice canal, thus sup-
plying water to 1131000 hectares located in the regionrs
highest plains. gfhen completed, the Hilvan system will
be the largest Eingle point source for any irrigati,on
sYstem in trirkey(0765) :
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Tabte 2.9

URFA IRRIGATIOI TU}IXEL

The Urfa tt,met system cmsists of tro cotrrete tined tunnel,s, about 26 km tong, thror,rgh rtrich
rater ritt bc discharged frqn thc Ataturk Dam. The rater xitt be conveyed to a c!na[ B]6t€m rt
the begiming of rne Urfa'llarran ptains ard ritt maintain the irrigation of approximatety
300,000 ha.

T}?e
Length of Turnet
Grade

Excavation Diercter
CorpLctcd Diamtcr
Concrete Lining

Amount of Rock Bol,t
&ltolrrt of Shotcrete
Amount of Excavation
Amount of Concrete

Oischarge of Trnnet
Area to be Irrigated
Geologicat Formation

Hydrautic Load

Source: Dst(5001).

Circutar, reinforced concrctc lining
26.4 kn each, tro parattct tqnetc
tl " 0-00062802; T2 = 0-00062948

approximatcty 9.50 m

7.62 n
0.95-0.40 m

4,600,000 kg

300,000 tons
3,000,000 cu m

1,150,000 cu m

328 cu m/s

300,000 ha

Calcerous mart

,l =40.25m; ,Z =39.74n
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2.!i Abe fr.grLs PortLoa of GAP

33

As a result of the emphasis placed on Euphrates
development by Turkish planners; little is said concern-
ing the eastern Tigris portion of the total project.
lr[ost of the discussion in this study will concentrate on
the western river.

The Tigris portion of GAP will provide irrigation
for about 6001000 hectares of land and the generation of
8 bilLion kWh annually from an installed capacity of
2ro0o MI{ of electricit}tososl . The plan calls for a large
daas on the main Tigris, 3 on its tributaries, and L2
sualL pond (goletl dams on tributaries in irrigation
areas. There are aLso 3 large, 4 medium, and 12 small
poseir plants scheduled as well as numerous pumping
stations.

In August 1985, DSI put out tenders for the TL 17.5
billion KraLkizi Dam (alternate spe1lino. Kiral*igtl,
hydroelectric station,' and two ass-ociate6' tunnels(i .
Data on this project and four other dams scheduled for
the Tigris basin are given in Tab1e z.LO.

2.5 AehLeviag the Goals of GAp

Achievement of the goals of the GAP cannot be real-
ized without sometj.mes severe inpact on the environmant
and the local populations. Such problems will be in-
creased in the case of GAP because of its upstream posi-
tion on two major international rivers. How much water
will Turkeyrs irrigation schemes remove from the two
rivers? How large will be the return flow from the
fields, and what degree of water pollution will result?
Hor will Turkey cope with the restructuring of the econ-
omy and society in its southeast? AIl such questions
must be asked not only.of Turkey and its developmentplans but also of Syria and Iraq farther dornstream.
Both of these countries entertain equally anbitious de-
velopment programs which involve the use of the waters of
the Euphrates and Tigris Rivers. Certainly, any changes
made anlmhere al.ong the length of either stream will have
reverberations throughout the entire corubined river
system.

Not only how and nrhat wilt happen are inportant
questions that must be answered, but also the tining of
events is .critical. When will everythinl1 come on Line?Will there be time to take renedial action, either tech-nical or diplonatic, prior to crises that may arise?
These and &any other qtrestions must be answered if the
G&P is to realize its great potential in the most reason-
able and effective hray. It is the purpose of this work
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to_ analyze the eonditions underlying such questions.
Altlough this text d,oes not purpoit io ue a political
analysis, - the material found trerein will be of lreat useto those rho approach that difficult task.



Cbapter 3

IaduatrT aad lgrLculture
La tbe Southeagteru taatolia Project Region

Southeastern Anatolia presents something of trn anon-a1y. It contains proportionately a third again as much
good land as the national average in furkey, and is
watered by two world-class river systems: the Tigris and
the Euphrates. Yet it has for countless centuries been a
remote baclclrater. It is sparsely populated, lacks theinfrastructure one finds in othei parts of Turkey, hasless industry, and is less mechanized in agricultuie.The reasons for this anomaly are both physicaL andhj.storical. The region is a baclcwater because it is, infact, remote. The headwaters of the two river systemsconstitute a mountain fastness characterized i,n -Iarge
part by rugged terrain protecting interior enclaves ofrich valleys and plains. Historicil activity has focused
on the BosphoruE and points west since Greco-Roman times.
The ottoman Empire was concerned first to conquer itsByzantine rival on the Golden Horn and then to establish
the subline Porte to rule in its stead. Most economie,poriticar and intell.ectual aetivity in the ottoman Eupirieentered on rstanbul, and population folrowed suit.Thus, when the Turkish Repubric succeeded to the ottonanEmpire, it had first to deverop those regions where the
most, people lived.

In consequence, modern Turkey finds in its south-eastern region a trury neglected reiource. rt is an areawith better than average-land, abundant water, rich min-
gTal deposits. Development of this region has the poten-tiar to make f"urkey a najor exportei of agricuituralproduets. Moreover, once the infrastructure is in praceto improve the quality of life, the region could -wel}
become attractive and, to some extent, curb the rurar-to-urban popuration nigration that pragrues developinglands. After all, southeastern Anatolla may have been abaclcwater for the last two thousand years, Lut for ni1-lennia before that it was a senter of assorted Hittite,Hurrian, I'Iitannian, and Urartian civilizations.

3.1 Develdpneat OvervLer

The goals of the southeast Anatolia Deveropment pro-
j-""t (SEAP, Guneydogu Anadolu projesi/GAp) parallelthose of Turkeyrs nationar Five-year Dlans. Sinle 19G3,

37



38 Industry and Agrjcu-Lture

the government has encouraged development of the GAP
region and other parts of Eastern Turkey. Goals to stop
internal migration, to increase population, and to
improve the standard of living in the region are docu-
mented in each of the subsequent Five-year Development
Plans. Government actions emphasize indust,rial inyest-
ment using loca! agricultural products as rarf, material.s.
fhere is precedept for this for investments in some manu-
facturing pJ.ant6 in the region create high amounts ofvalue added although they are few in number and enplo-
few workers. In L982, two of the three large-scale
establishments in Siirt province were state-owned fac-tories, employing 31525 people and creating value added
of TL 20.2 billion. As a result, Siirt ranks twelfth in
Turkey (Table 3.1).

In the most recent (the fifth) Five-Year Developuent
Plan, the Southeastern and Eastern regj.ons of Turkey are

Tabte 3.1

IURKISTI PROVI}ICES RA}IK ORDERED 8Y III'I{BER OF LARGE.SCALE I}IDUSTRIAL ESTABLIS'MTTS,
}II,}IBER OT EilPTOYEES PER FIRIiI, VALUE.ADDED Ix 1982

Rank

1.
2.
5.
4.
5.
6.
7-
8.
9.

10.

11.

12.
13.

14.
15.

16.

17.
18.

19.

20.

llurber of Large
Estabt i shrEnts

lstartul, 4596

Izmir 840

Ankara 636
Bursa 437
(ocaeti 270
Adana 233
l{anisa 180

Xonya 156

Gazianteo 149

Deti zt i 128

Eskisehir 122
Sstlsrr1 111

Kayseri 110

Aydin 107

Zoneutdak 105

Batikcsir 105

Icct 76

Sakarya 72

Tckirdag 69
Antatya 60

Aversge lluber
Of Llorkers

Yel,ue.Addcd
(Bittion TL)

Ietarrhrl 540

Iarir 205

lcel 171

Kocacli 168

Ankara 71

Bursa 6
Adane 60

Zonguldak 52

Tekirdag 21

SaolEl,r'r ?'l

Eskisehir 21

siirt Z0

Keyscri 19

Xonya t8
Balikesir 18

Sanlsul 13

l{ani sa 11

Gazianteo 10

Antatys 9
Edirne 9

lstar$ut 275,Ofi
lzmir 72,18
Xocaet i 51,245
Ankara 16,203
Adana 40,143
Bursa 40,019
Zongutdak 24,123
Hatay 19,461

Konya 18,797

Samsun 16,195

Kayseri 14,561

Eskisehir 14,311
Rize 14,285

Ice[ 14,135

llanisa 10,858

Tekirdag 10,538

Sakarva 10,013

Gazianteo 9,133
8aI ikesi r 8,517
Denizt i 8,204

source! 't982 Arruat ilaBJfacturins Industrv statistics<3237,, state lnstitute of statietics,
Ankara, 19&4.
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considered privileged and incentives are offered shich
etwurage large-scale manufacturing plants. At the same
tire, smaLl-sca1e labor-intensive establishments, partic-
ularly those highly sensitive to transport costs (such as
dairy products), are also encouraged. The market regionis considered to be the entire Middle East.

3.2 Iadustrlt

Despite the encouragements and incentives offered in
development plans, census statistics show that, in abEo-
rute tems, the conbined six provinces of the GAp region
are still of minimal significance in terms of Turkiytsindustrial production. onry Diyarbakir and Gaziantep areiuportant regional centers (Table 4.21, and even -they
provide onry a snarl contribution to Turkeyrs industrLal
product.

Turkey conducted detailed censuses of its industriesin 1950, 1963, L97O, and 1990. In addition to these four
main industrial census years, there have been. inter-mediate years when production establishments rllth Dore
than ten employees have been sunreyed. AII of thesecensus and suryey results are published by the stateInstitute of Statistics.

The six GAP provinces conbined (Adiyaman,Diyarbakir, Gaziantep, trtardin, Siirt, Sanliurfi) aicounifor only 1.85 percent of Turkeyrs 9,693 industriar estab-Iishrnents with more than ten enproyees. The six prov-inces have only L.g2 percent or -Turkeyrs induslrial
employees, and produce only 1.99 percent of the valueadded by large-scare nanufacturing- ( f ims with more thanten.workers). At the other extreme, the most deveLopedregion of Turkey is rstanbul. About 58 pertcent of irrlarge-scale industries, 47.4 percent of industrialworkers, and 44.6 percent of induitrial varue added areln the Istanbul region.

within the GAp area, the two provinces of Gaziantep
and siirt rank high in iuportance for industry at thaprovincial scare. Gaziantep is ninth out of 67 provincesin ntrmber of establishnenls, eighteenth in ierms of
employees, and eighteenth in value added by manufacturing(Tabre 3.1). -Gazianteprs proportion oi economicaLryactive population enproyed in nranuracturing industrieslat 13.2 percent, is higher than Turkeyrs average of LA.7percent. (This seeming contradiction demonstiates theconcentration of industry in only a few provinces.) siirtis not ranked in terms of establishments and workers butranks twerfth out of G7 in terms of vaLue added. rt isin this favorabre position because of petroleum andpetroleum-rerated production. oir fields- near Batman
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Tabte 3.2

FUXCTI$IAL REGIOXS OF TURKEY

RcEionat Center

Adana

Ankara

Bursa

Diyarbaki ra

Etazig
Erzunm
Eskisehi r
Gaziantepo

Istanbut

Izmir

xsyseri
Konya

Hatatya

Sa,nsun

Sivas
Trabzon

Provinces ri thin Funrtionat Reoion

Adana, llatay, lcel
Ankara, Cankiri, Corun, Xirsehir
Bursa

Diyarbakir, Eitlis, Hakkari, lrlardin, Siirt, Van

Etazig, Eirtgot Turceti
Erzurul, Erzirrcan, Agri, (ars, llus

Eskisehir, Bitecik, Kutahy€

Gariantep, Adiyman, Urfa, Kahraralmlr.l

tstanbul, 8otu, canakkate, Edirne, Xirktareti,
(ocaeti, s6kerya, Tekirdag, Zongutdak, (aeterilJ

lzmir, Afyon, Antatye, Aydin, Surdlr, Denizti,
tsparta, tlanisa, l,lugta, Usak, BaLikesir

Kayseri, llevsehir, Yozgat

Konya, lligde
xatatya

Sansun, Amasya, Giresrn, ordu, Silrop, Toklt
Sivas
Trabzon, Artvin, Rizc, Gurushane

Source: Turkivelde YertesnB t4erkezterinin KadenBtermesi Citt l, 1982, Ankara, Turkey.

a tJithin the GAP region.

account for significant population increases in the area:
from 443 in 1945 to 86,L72 in 1980.

Manufacturing industries in Turkey, with the excep-
tion of some heavy industries and State Economic Enter-
prises, have developed in response to market condi.tions.
Consequently, industrial aetivities serving the undevel-
oped regions of Eastern and Southeastern Anatolia have
agglomerated in the |tfunctional sernriee centersrr of sur-
rounding areas. Gaziantep has become such a functional
center for.the GAP region.

Gaziantep is one of only four rrsixth graderr indus-
trial centers in Turkey. (The others are fzmir, Ankara,
and Adanai Istanbul, which exerts considerable influence
in its region, is the only rtseventh giradetr center. )
Gaziantep influences a vast area directly and indirectly,
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and shares its influence with the functional center of
Adana. The city of Diyarbakir has fewer large-scale
uanufacturing establishments than Gaziantep and is class-
ified as a xfifth graderr functional center. Diyarbakir
city Eerives the surrounding area as a center of health
serrrices, higher education, and adninistrative facili-
ties.

As is generally true throughout Turkey, small-scale
establishments (enploying one to four persons) dominate
the manufacturing sector in the six provinces of the GAP
region. These provide daily consumer goods and supply
local demand (e.9., bakeries, tailors, brick nakers,
printing houses). Most are located in provincS,al and
district centers, a few are scattered in rural Eettle-
ments (Tab1es 3.3-3.8) .

OnIy Gaziantep, out of the six GAP provinces, has
signiflcant nurnbers of large-scale manufacturing eEtab-
lishments, enploying ten or more persons (Table 3.9).
Large-scale industry in Gaziantep is mainly concerned
with the processing of agricultural products. Such
agro-industries include textile manufacture (depending on
cotton), oil and soap production (depending on olives),
and wine and raki (depending on grapes). Other units in
Gaziantep city process foodstuffs, beverages and consumer
goods for local demand.

The. basic industrial structure in the other prov-
inces of the GAP region (i.e., Adiyanan, DiyarbakJ.r,

TabLe 3.3

SI.IAL L. SCALE }IA}IU FACTUR I II G E STAEL I SHilE}ITS

Iil ADIYAT,TAX PRoVIilCE (1980)

Province/
D i stricts

ADIYATIAX

CentraI District
Eesni

Cel, ikhan
Gerger

Gol,brsi
(ahta

ALL TURKEY

llulber of
Estabt ishrBnts

577

278

92

15

18

67

107

173,337

Iulber of EstabtishrEnts by lluter Etl?toyed
1 2 3-4 5-6 7-9

272

11?

41

9

13

36

61

167

87

31

2

4

19

24

114

61

18

4

t
1?

18

19

14

::

1

5

4

::

55,590 50,',152 46,587 14,43' 6,575

Sqrrce: 0.t,8.(3240)r 1980 Genct Sanayi ve tsverten Savimi-II. Kucuk lmal,at Sanavi (1980 Cen-
sus of lndrstry ard Business Estabtishrnnts).
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Tabte 3.4

SIIAL L. SCALE I,IAIIU FACTUR I }I G E STABL I S H',IE }IT S

I}I DIYARBAXIR PROVIXCE (1980)

Province/
Di stri cts

DIYAREATIR

ccntr.L District
Biemi I
Cermik

Cinar
Curgt.}8

Diclc
Ergani
Hani

Hszro

Xutp
Lice
Si tvan

AtL TURTEY

Xurfier of
Estgbl ishments

t ,051

&5
72

47

22

't3

8
t0t
33

20

25

10

55

173,337

298

180

22

9

9
9

3

37

10

5

3

11

299

190

25

19

5

2

3

25

2

4

4

5

't5

1 ,140 1,736

814 1,270
59

71 49

128 212

103 176

14 17

53

ts,587 14,435

Iuber of Establ,ishnpnts hr lltdcr Eqtoycd

_l_ z 3-4 5-6 7-9

55,590 50,152

Tabte 3.5

S}tAtL . SCALE }IA}IU FACTUN T [G E STAB L I SHIIEII TS

I}I GAZIAilTEP PROVI}ICE (1980)

309

165

22

12

8

2

z

32

30

6

14

2

16

827

554

2

6
135

55

14

I

55,590

107

80

2

,:

6

.:
2

9

&

502

2

5

106

42

I
6

38

32

t

.;

.;
a

6,57'

329

278

I
z

35

14

.:

Provirrce/
Districts

GAZIAIITEP

ccntral District
Araban

lstahiyc
(itis
Xizip
Oguzet i
Yawzeli

ALL IURTEY
a

lluber of
Estabt ishotentg

4,696

3.418
19

193

614

390

47

t5

173,337

tlutber of Estabtishrents b/ Iuber Erptqfed
1 2 3-4 5-6 7-9

50,152 46,587 14,435 6,573

source: D.l.E.(3240),
gus of lrdustry and Bueiness Estabtishments).

lmatat Sanayi (1980 Cen.
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Tabte 3.6

sil tt-sc LE IT IUFACTURIXG ESTABLISHilEITTS Ir r{ RDI}I PRoVIXCE (1980)

Province/
Dist!'icts

ilARDm

ccntrat District
Ci zre
Deri k

Gercus

rdi t
Kizi ttepe
llazidaEi
ilidyat
llusaybin
herti
Sawr
Si lopi

ALL TURKEY

Province/
Districts

SA}ILIURFA

Centrat District
Akcaka I e

Birecik
Bozova

llal,feti
Hi lvan
Siverek
Suruc

Vi rensehi r

ALL TURKEY

Xl,l5er of
Estabt ishments

874

262
1A

10

33

11

174

12

85

101

1Z

a
26

173,337

80 14

30 I
21
61
1 --

59 '11

3 --
10

.: .:
71

14 1

li.rb€r of Estsbtishments by lltdcr Erptoyed
1 2 3-4 5-6 7-9

389 227 218 37 7

S}IALL.SCALE }IA}IUFACTURIIIG ESTABLISHI{EIITS IN SA}ILIURFA PROVIXCE (1980)

55,590 50,152 46,587 14,43' 6,57'

Tabte 5.7

tluter of Estabtishments by tllrlber Erytoyed
I 2 a-4 5-6 7-9

78

65

2

17

6
59

5

55

80

6

12

4

504

326

t3
t9
4

16

4

58

36

28

88

31

5

9

3

41

4

20

10

6

3

7

tluber of
EstsbI ishmnts

1,&2

949
33

138

21

26

17

1&
147

147

173,337

46 439 161 72

?n
6

44

7

4

7

39

41

41

221

9

55

6

4

2

43

39

60

78

3

17

2

2

2

21

22

14

47

2

3

?

2

5

9

4

Source: D.I.E.(3240), 1980 Genpt Sanavi ve Isyerten Sayimi-It. Kucuk lnatat Sanavi
sus of lndustry and Busirrss Estabtishmnts).

55,590 50,152 46,587 14,435 6,573

(1980 Cen'
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Tabte 3.8

st LL.SCALE llrlluF^cTuRtllc ESIAELISHI4EITS ttl sIIRT PRO/lllCE (1980)

Provirre/
Dlstricts

SI ITT

Ccntrsl District
BcttDn
Baykm
Essiri
Erdt
Xoztr*
furtatan
Pervrri
Slson
Si rnck
8i rvan

ALL TURKEY

llrdcr of
Estrbt i shlEnts

5&

226
226

't5

13

9
a
35

5

2

13

1

173,337

201

96

55

4

6

5

11

16

I

6
1

55,590

rabLc 3.9

xurbcr of Estabtishrmnts by Inrber Erptoyed

1 2 3-4 -54- 7'9

183 140 e8 12

83

61

5

6

?

9

12

z

I

.:

40

78

4

I
1

3

5

2

I

.:

6

:'.

1

50,152 46,587 14,435 6,57'

LARGE.SCALE TTIDUSTRIAL ESTAELISHI'IE}ITS tX GAP PRO/I}ICES (1964 ANd 1982)

Adiyaman

D iyarbaki r
Gaziantep
l,lardin
siirt
Sanl iurfa
Regionat lotst

f,egimet Sharc

TOIAL TURXEY

l.TX 1.85X

3,012 9,693

07&
3,533 16,218

1.16/ 1,94

304,604 u5,07,,r

)lurber of Estabtishrents
1964 198?

llurber of llorkers
196t, 1982

1982 vatw Added
(in 1-000 TL)

1,546,671

'l ,5461734
10,18/-,734

14,378

20,200$m
515.751

34,008,638

2.01/

1,697,891,818

0

6

43

0

3

0

5?

3

14

149

z

3

9
180

0

7$
2,392

0

375

1,227
1,537
9,133

32

3,5?5

sus of lrd,tstra cnd Br.pirrss EstabtishrEnts).

Rep.6tic of turkey(1239). 1964 Census of tta$rfacturinE and Service Industries. 1982

Ar*r"t lt"*f".tr.i* tnd,r]I, St.ti.ti".<3?37t, State Institute of Statistics.

Ankara, 19&4.
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Mardin, and Sanliurfa) is sinilar but not identical to
that of Gaziantep. Siirt is the only exception with lts
emphasis on 'petroleum production. AI1 depend on the
processing of local agricultural products, but the prod-
ucts differ. In Adiyaman, for example, one of the uajor
industries is the tobacco factory.

3.3 Potable llater for Donestic Use

An important adjunct of industrialization is the
prov vision of a suitable water supply for urban populat
tions. In the GAP provinces, water is obtained from diff
ferent sources throughout the region. Villages depend on
loca1 sources, however poor. In cities, serious defic
ctencies require residents to transport water over long
dj.stances for both human and animal consumption. llajor
towns and cities are facing increasing needs aB their
populations grow (Tab1e 3.10)

Adiyamants water requirement is supplied from the
Kirkgoz Springs about 10 kn from the city. Due to a poor
transfer system only O.22 Mcm is used annually from this
soutrce, although more would be available if the system
were improved.

Diyarbakirrs potable water comes frorn the Gozelli
Springs east of the city, which have a capacity of 340

Tabl,e 3.10

EXISTIIG U TER CollsrfipTt$l (1985)

III PROVIIICIAL CE}ITERS OF GAP

( t i ters./person/d6y)

Province

Adiyaman

Diycrbeki r
Ge:iantep
llsrdin
Urfc
Si irt

Dmstic Use

18

r80

151

20

128

llA

IndustriaI Use

30

17

20

llA

Totat

18

210

168

20

t48
IIA

Souice: ilGhlnt fotanbey, rl&inistretiw and Econoric P.rmtero of Latcr Usc in thc Sorrthcest
Arutotia Project,tt in mss. (Sept 1988) as sctected fron appendices fornd in EllS
(Etud, llusavirtik Sanayi Arastinnasi A.S.), Grneldogu Anadotu Botgesi Gcliem Ptani,
letar$ut, futtu Ozstit ('1987), ard DSI, lcm Sutari ve Kanatizaeyon Drirc Baskanligi,
lm Sutari Kcsin Raportari.
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L/s. Diyarbakir receives approximatgly 11 Mcm of water
annualIy.

The city of Gaziantep obtains its water from the
welLs of the Pancarli Spring with a capacity of 250-300
L/s. The city receives 8.3 ilcm water annually.

In llardin the city water is obtained from the
Ayinseban Springs some 13 km from the city. The capaeity
of the. springs is more than 50 L/E. However, due to a
poor transfer system the rrity receives only a small part
of that yield, approxinately 0.3 Mcm,/yr.

Urfats water is obtained from three different
sources: the Kehriz Spring with a capacity of 15 Lls,
the water from Fish Lake with a capacity of 145 l/s, and
the Direkli Spring and wells which supply the city with
6.24 llcm/yr.

Development plans for the GAP region include the
improvement of urban water supplies (Tab1e 3.11). How-
ever, the aggregate of such consumption is trivial
compared to total usage, and the withdrawals from reser-
voirs for domestic use can be considered insigni.ficant.
Total domestic water use in the Euphrates basin after the
year 2000 has been estimated by DSI at approximately 92.5
frcur/yr(4860). The same source "irti"ip"tes-,-e2.5 

Mcm witt fe
used for industrial purposes in the GAP region.

Tabl.e 3.11

FU'URE SAIER NEEDS OF PROVINCIAL CE}ITERS

(Const,lption in I i ters/person/day)

Provi nce

Adiyanan
llardin
Siirt
GrzientGp
Dlprbokir
Sant iurfa

DoflEst i c

,::

231

216

a0

Year

2000

2020

2022

2020

2025

2020

Industrial Tot6t

20 170

250

200

25 256
(383 t/s) (5,380 t/s)

67 3r7

Source: tlehmt Tdsnbay, sAd[inistrative ard Econcmic Paramters of lrater Use in the Southeast
Anatol,ie Project,lt in nss. (Sept 1988) as setected from appendices for.nd in DSI, Icme

Sutari ye (anaLizaslon Daire Baskantigi, lcne Sutari Kesin Projel,eri Raportai, ard
Itter 8ar*asi, lcon Sutari Dairesi Baskantigi (no date, probabty 1985).
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3.{ AgrLculture Ln tbe GAP Region

AIl six of the provinces of the GAP region will feel
the results of increased irrigation. llany areas will
benefit in Urfa, Mardin and Diyarbakir while fewer areas
will be affected in Adiyaman, Gaziantep and Siirt. Since
Turkish statistics are published by provinces, the anal-
ysis of agriculture in the GAP region will be presented
at the provincial leveI. It is not possible with current
data to disaggregate the subregions of the GAP progrram.

with the exception of Gaziantep, the economies of
aLl GAP provinces rely largely on agricultuE€. lfhe
region is distant from the more developed western part of
Turkey and has a much lower population density than
Turkey as a whole. Population density per sq km ranges
from sanliurfa (31), siirt (35), Mardin (441, and
Adiyaman (471, to Diyarbakir (51), which is cloEe to but
still less than the national norm. However, the
popuLation density of Gaziantep (98) is almost twice the
national average (56).

3.4.1 Arab!.e and Cultivated Land

The agricultural nature of the region is clearly
displayed in Table 3.L2. with the exception of
Gaziantep, about three-fourths of the active population
is ernployed in agriculture raising a variety of crops
(Tab1e 3.13 ) .Agriculturally, all the GAP provinces show common

Tabte 3.12

EIIPLOY}TE}IT OF ECOIIOIICATLY ACTIVE POPULAIIO}I BY ECO}ISIIC SECTOR

ITI PRo\'IIICES OF THE GAP REGIOII II{ 1980

Percent of Econonicatty Active Poputation Erptoyed in Each

Adivaman Divarbakir Gaziantep llardin SantiurfaSactgrs

AEricstturc
ilanufacturing
Sociat Serviccs
Cornerce

Construct i onl8ui lcli ng

82.7
3.7
6.1
2.6
2.3

71.8
3.0

'13.4

4.4
4.4

53.0
13.2
13.6
8.7
4.9

77.5
2.1
9.9
2.7
?.5

76.7
e.8
?.7
2.7
2.4

Siirt

m.7
t.6

11.3
It.3
?.7

source: 1980 Pooutation Census 61 1r.1.r(4893) , state lnstitute of Statisties, Ankara, 1983.



48

Tvrce of Croo

CereaI

Putees

lnd.striat cropo
Oi l, sceds

Trier crope

Fruits

l{utg
Grapc-tike fruits
Fodder crope

Industry and Aqriculture

Tabte 3.13

TYPES OF AGRICULTURAL CROPS IX GAP REGIO}I

Crooe

lfieet, brtey, mEize, miltet, rice
Chick peas, dry bcans, tentils, nr.ngi beans

fobacco, sugar beets, cotton (lint), ftax (fiber), dry peppcr

Cotton seed, sesarc, f tax (seed), soy beans, stnf toncre,
grou&tuts

Dry onions, dry gartic, potEtoes

Pears, quinces, apples, ptrms, apricots, cherrics, pctches,
eour cherries, rild apricots, otives

Pistachios, ra[ruts, atrprds
llutberries, f igs, pmgranetes, grapes

llaize, cor vetch, Hitd vetch, atfstfa, sainfoin

Source: furkey, Agricutture StnEture urd Productivity, 1982.

characteristics, but there are some differences. The
amount of arable land varies: The lowest percentage of
arable land is 9.5 percent in Siirt, the highest is 49.5percent in Sanliurfa (Table 3.14). This is significant
because the new GAP irrigation is closely linked to the
percentage of Class I, II, IfI arable land conbined with
the Class IV restricted arable lands. For Sanliurfa, the
L2.7 percent of Class IV land increases its total arable
land to 62.2 percent; thus the Harran Ovas irrigationproject in Sanliurfa province appears promising. Except
for Siirt and Adayaman provinces, which will only in part
be affected by GAP, all of the GAP region provinces have
a higher rate of arable 'land than the 2S.Z percent
average for Turkey.

The percentage of arable land cultivated also dif-
fers by province. In 1982, 97.0 percent of the arable
land in Adiyanan was cullivated. In the same year, the
rate was 92.4 percent for Diyarbakir, 87.1 percent for
Mardin, 81.6 percent for Gaziantep, and 75.4 percent for'Sanliurfa. Siirt pushed beyond the normal limits of its
arable land, actua}ly cultivating 12.4 percent of its
land classified as Class IV (restricted arabJ.e) (Table
3.15) . .
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3.4.2 agrieultural Land Use and Crops

The GAP region is an area with a dry season lasting
gP to six months out of each year. Because of this arial
ltyr traditionar 9rv farming nethods--prinarily idlefalrow--are practiced (Tabres 3.1G-3.19): The iargestareas are sohrn in wheat and barley, cereals resistant todrought and suitable for dry faming. There are differ-ences in the productivity or the piovinces. rn siirt,the area devoted to cereals (88.5 percent) is above thenational average (80.1 percent), Lut in tne other f,iveprovinces the proportion of land devoted to cerears islower than the national average. rrrigation practj.ces in
some parts pf_Gaziantep and Mardin favor othei crops overeereals (Tables 3.20-3.2L). rrrigated cotton (ri;t andseed) and grrape production i.n Mardin and Gaziantep
compete for land use with cereals.
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Nevertheless, wheat is the najor cereal crop in
southeastern Anato1ia. For this area, except in
Diyarbakir province, wheat comprises a higher percentage
of cereal than for Turkey as a whole. Barley is the
second most important crop in tems of area sown.

3.1.3 Produation

Provinces in the GAP region vary in tetms of crop
yields and area cropped. Collectively, wheat represents
7L.L percent of the total cereal production, and occupies
70.1 percent of the area planted in cereals. The six
provinces contribute only 9.5 percent of Turkeyrs total
cereal production. For the two major cereals, the GAP
produces LO.2 percent of the nationrs wheat and 11.1
percent of the barley.

However, for some crops the GAP region is nationally
significant. The six provinces produce 74.6 percent of
Turkeyts lentiLs (4L0,457 tons out of a total of 500rO00
tons). The provinces of Gaziantep and Sanliurfa on the
averagie produce 88.2 percent of Turkeyts pistachios. (In
fact, one name used for pistachio in Turkey is trAntep
fistigirrt literally rtthe nut of Gaziantep,rr Antep being a
historical name for Gaziant,ep. ) The guantity of pista-
chios produced and shares by province do vary from year
to yeari in L982 Gaziantep contributed L7.3 percent of
Turkeyrs total yield, Sanliurfa 54.5 percent. Grapes are
also important. The GAP region produces over one-fifth
of Turkeyrs total grape production. In L982, out of a
regional total of 82L,424 tons, Gazi.antep produced
405rO00 tons, Diyarbakir 117,150 tons, and Adiyaman
LOz | L50 tons.

The industrial crops of cotton lint, tobaceo, and
sugar beets are grown no3tly in the irrigated areas.
Sugar beets and tobacco.are produced in Adiyaman, cotton
in Mardin, Diyarbakir, Sanliurfa and Gaziantep, and to-
bacco in Siirt.

Other crops that rank nationally in importance
include sesame, almonds, and pomegranates. Sanliurfa
produees 9.9 percent of Turkeyrs 2'1 ,OOO tons of sesame.
Historically during the seventeenth century, Harran Ovas
shipped sesame as far as Marseilles and Geneva. Mardin
produces 14 percent of Turkeyrs almondsi Siirt provides
15.2 percent of the nationrs pomegranates.

For vegetables, the GAP region claj.ms 10.4 percent
(64,239 hectares) of the total area devoted to those
crops (Tab1e 3.20). In L982, the GAP region produced 8.5
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percent (1r054r815 tons) of Turkeyrs total of 12 r42Or908
tons of vegetables. Although reliable statistics on
vegetabJ.e production are fragi'urentdEy, there does seem to
be an increasing trend of production in the GAP region.
At present, with a few exceptions, vegetables are mainly
raised for local consumption. The most important excep-
tions are the rrfruit bearing vegetablesrt: melons and
watetmelons. The six GAP provinces produced 15.5 percent
of Turkeyrs watermelons and 14 percent of its melons in
L982; Diyarbakir province hras fourth and Mardin Iras
seventh in satetmelon production.

It is difficult to make precise predictions regard-
ing the impact of GAP on the production of crops both
within the region and throughout Turkey. Detailed soil
analyses, prevailing market conditions, and the slcilLs
and predilections of farmers/investors will all help to
determine what eventually is produced on the irrigated
lands of the project. Nevertheless, a number of esti-
mates of future production resulting from GAP irrigation
are availabLe. Trro such sets of data--apparentLy etem-
ming from one original but unidentified source--are shown
in Table 3.22. Cotton, oil seed including cotton seed
oil, sugar beets, grains, clover and alfalfa, fodder
crops, and melons (which will triple in quantity) are all
given importance by these data. Not only marketing
demand but also marketing ability will be of great iupor-
tance if these qr.rantities are to be sold profitably, if
and when they are produced. Further comments on this
situation rrill be given in the concluding chapter of this
book.

3.4.{ $echanizatLon

Southeastern Anatolia including the area of cAP
development has lagged behind the rest of Turkey in terms
of agricultural mechanization. In absolute numberE, by
L982 there were 2L,297 four-wheeled tractors in the six
GAP provinces. This compared with 497,000 tractors in
Turkey as a whoLe (Table 3.23,. A recent study shows the
disproportion between the southeast and aI1 of Turkey
with regard to horsepower and area cultivated (Table
3.241. In the southeast there was less than 0.5 horse-
power per hectare of land available, compared with 1.05
horsepower per hectare for the total country. By the
same tokenT each tractor in the southeast was on the
average used to cultivate two and two-thirds more }and
than elsetrhere in Turkey. The same situation applied to
tractor-drawn equipnent. Moldboard plows, disc harrows,
harrresters, and farm wagons were all less abundant in the
southeast than in the entire country (Table 3.25).
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The growing importance of mechanization to south-
eastern fatming is indicated by the rapid increase in
tract tors and equipment in that region. The number of
tractors--while still below the national average--
increased 88 percent from 1976 to L982 in the six GAP
provinces, while only growing by 74 percent elsewhere.
Nevertheless, the intensification of agriculture antici-
pated in the GAP area will necessitate greater advances.
Energy in the fom of fuel and electricity must also be
increased. In the latter case, hydropotrer generation at
the uany GAP plants should meet future needs. Petro-
f,ueIs will have to be imported to the region at an
increasing rate. Meanwhile, village electrification ln
1985 was 84.5 percent complete throughout Turkey but
included only 66.8 percent of the southeast regionrs viL-
lages. Sirtrilarly, in 1985, 60 kWh per hectare per year
of electricity uas expended for Turkey as a who1e, but in
the southeast only 23.4 kWh per hectare per year was
exPended(4856).

It remains to be seen what efforts the government
will make to meet growing demands for eguipnent and
energfy. In May 1987, a contract for $g.Z nillion was
given to erect an office building in Urfa to house the 92
social.-_projects thus far drawn up to meet cAP obJec-
tives(4866). This indicates rurkiih attention to the
development of economic and social infrastructures in the
GAP region. Yet unanswered is the question of how such
change will take place--e.9., will tractor cooperatives
be formed or will equipment be provided on the basis ofprivate ownership?

3.{.5 Animal Eusbaudry

The two tlpes of agricultural holdings in the cApregion are: (1) those engaged only in crop production,
and (2) those engaged in both crop production and animalhusbandry. Some 91 percent of agricultural holdings in
the six cAP provinces are of the latter type (Table
3.261. Because agricultural productivity is 1ow due to
lack of extensive irrigation and mechanization, husbandry
is an essential supplement to agriculture. However, poorpasturage and water deficiencies have a negative
influenee on husbandry.

a

Considering only adult animals of the species that
are the najor source of meat throughout Turkey (sheep,goats, angtora goats, cattle), L2.4 percent of Turkeyrs
82,3331000 head of such livestock were in the six GApprovinces in L982, while i.L.1 percent of the nationrs
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livestock were slaughtered and consumed there. Sheep and
goats, ordinary and angora, are the main animals in the
region (84,3 percent). Sanliurfa led the provinces with
21562135O animals, followed by Mardin with 2,277 r563, and
Siirt and Diyarbakir with 1r859r951 and L'847 1949
respectively. Diyarbakir province led the other five in
cattle production; the six provinces together raised 7.1
percent of Turkeyrs cattle in L982 (Table 3.271.

Although the intensifieation of farm methods as-
sociated with irrigation usually precludes aninaL
husbandry, the inclusion of large amounts of fodder and
clover in projected crop goals (Table 3.22) would indi-
cate that the nunber of animals raised in the GAP area
should, if anything, increase in the future.

3.1.6 lrand Oruership

Well over half of the agricultural land holdings in
the GAP provinces range between 1 and 5 hectares in size,
but these small holdings comprise only 10.5 percent of
the cultivated lands in the region. On the other hand,
although less than 1 percent of the holdings are consid-
ered large (more than 100 hectares), they take up a
guarter of the cultivated land. These facts point up a
considerable inequality in the regionrs land ownership
patterns (Table 3.28).

At this writing, much more needs to be known about
the distribution of land by owner and farm operation in
the GAP area. Several small studies on the subject have
been undertaken by the Turkish Foundation for Scientific
and Technical Research (Turkiye Biliursel ve Teknik
Arastirma Grubu/TUBITAK). Table 3.29 shows the size and
ownership of a small area (76.28 hectares) in Urfa
Vilayet sampled for diseussion at a L986 symposium on the
agricultural development of the GAP area (w, .

It is difficult to compare these figures with those
in Table 3.28, but a pattern does emerge: a relatively
small portion of the area is in very small holdings and a
disproportionately large portion is contained in largerproperties. Nearly two-thirds of the sampled holdings
were in operations more than 25.L hectares in size.
Almost the same percentage of the total land was held in
large, privately owned parcels. The percentage of
hold.ings of all sizes privately owned j.s 6L percent, 34
percent are rented, and 5 percent are farmed by share
cropping.
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According to the authors of this study, renting is a
higher proportion in the GAP area than the Turkish
average but share cropping is considerably lower. The
latter is tnre because, contrary to the usual pattern of
share cropping in which poor farmers supply labor and
owners provide soil and seed, in the GAP region owners
provide soil and seed while contract laborers provide
tractors and equippent as well as work, for half the
subsequent franr6stt4w,. Rented tand is more frequent in
the GAP region because of the expropriation of some lands
by the Secretariat for Soil and Agricultural Refom
(Toprak ve Tarim Reformu MustesarligL/ TTRM). In tAA?,
irnir is reported to have rented 3s,r3'63.g hectares(' ,but it is unclear to whom these lands were Iet.

TabLe 3.30 is based on a sample of 90 or{ner-operated
farms. It shows 21 percent of the fa:m families operat-
ing plots of less than 5 hectares, a total of 68.4 hec-
tares or 4.5 percent of the land. Nearly half the land
(44.7 percent) was farmed by only L4 fanilies (15.6
percent of the total nurnber of fanilies). It should be
born in mind that landless families represent a signif-
icant portion of the total rural population in the cAP
area. Table 3.31 shows that in Urfa Vilayet, 42.3
percent of the rural population was landless; in the
central ITce (kaza or county) of the province, the
proportion of landless rural population was 49.4 percent.
icc-oraing to a Lg75 study'(4897r , L6.5 percent of the
farmers were landless in all of Turkey.

What emerges is a picture of large landholdings in
the hands of relatively few people and a great number of
landless farm folk working for others. Whether or not
land reform wilL ameliorate this situation--or sinply end
up with land being rented to wealthy tractor owners--is
unclear at present. In any event, much more effort must
be made by both researchers and the government to address
and correct this situation, which in view of the low
standard of living in southeastern Turkey will remain
poli-tically sensitive as GAP development matures.

3.5 Proapccts

ft is too early to forecast the probable effects of
GAP developnent on the region. fndeed, the necessary
background. studies are not yet complete. The originalrrLower Euphrates Projecttt aimed to buiLd dams in an area
considerab3.y smaller than todayrs GAP; hence, land and
soil classifications have been done for only a part of
the present project region. A four-year study was begun
in tggS to classify the soils in the whole GAP area, on
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the basis of which planners can determine which crops to
girow. It is likely that traditional crops will continue
to be E[rown, but that more efficient nethods and depend-
able water supplies will produce significantly higher
yieJ.ds. Continuation of traditional crops will mininize
the changes required in social and economic structures.

A considerable amount of land wilL be inundated by
the new resenroirs. These alluvial soils, among the
regionts most fertile, will be replaced by expansion of
cultivation into ltrestricted or marginal arable landsrr
(Class IV). High yields on these lands can only be
achieved through irrigation, fertilization, and even more
advanced techniques. According to plans, introduction of
irrigation will increase the importance of industrial
erops, uhich will depend closely on the demands of plan-
ned new manufacturing plants. Market conditions will
play an important role in deciding what crops wil.l be
soh,n. At present these conditions are far from stable;
base prices and production quotas are very unpredictable
in Turkey.

Mechanization of agriculture will result in increa-
sed yields of crops, but will significantly increase the
demand for equipment. Since a tractor plows about 45
hectares of land, it will reguire more than 33rO00 trac-
tors to cultivate the more than 1.5 nillion hectares of
land to be irrigated (a 55 percent rise from L982rs totaL
of 2Lr297 tractors in the six provinces). Increases in
crop yields will be substantial. For example, alfal.fa
production is expected to reach L.25 nillion tons after
GAP is completed, more than twice the present production
level for aII of Turkey. Animal husbandry is also
expected to improve.

Expanded irrigation and new power supplies wilL
bring a vast spectrum of social and economic chalJ.enges
to the GAP region. Farmers will have to be trained i-n
irrigation methods, the use of fertilizers, and advanced
agricultural technologies. fnstitutions such as DSI,
Topraksu, and the Ministry of Agriculture will have major
roles in the educational programs that will begin after
the first few GAP sub-projects come on line. The mere
size of the GAP project gives the attendant training and
infrastructural changes a rnajor social significance.

A further note should be made regarding the concern
for the environment which must attend any project of such
magni.tude.. Questions regarding environmental impact are
asked by the newly formed Turkish Environmental fssues
Foundation (Turkiye Cevre Sorunlari vakfirzfcsv) . Created
by law Number 2872 in August 1983, this group is begin-
ning to address some of the environmental issues raised
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by GAP developnents. It is premature to speculate on the
effectiveness of this group, but its actions rill warrant
future assessment.



Province

ediyanan
Dilartcakir
Gaziantep
llanlin
Siiru

.Sarrllurfa

REGTCI.I

I]I]BKEY

Area in ha

TabIe

BARTEY PRODUCTICN

* of Cereals

26.5
33.5
25.7
22.8
2L.7
29.6

23.4

3.19

IN IT{E GAP RreICN

Prodr-rctrion in tons

56,651-
2L9,780
74,252

L22,935
3L,794

203,290

708,702

6 r 4o0 ro0o

t of Oei€als

29.3
37.9
27.t
20.6
2L.9
27.4

24.2

YieLd in kq/ha

1,939
L,777
Lrgg0
2,L17
1 r411
1 r341

2,040

29,213
123,700

37,3L6
56,478
22,540

151r640

420,887

3r 137 rooo

source: Tarirrsal Yapi ve uretirn 1982 
(5002) 

.



Table

!\TEGLTABIE PRODT CTION

3.20

IN CAP RreION (1982)

t . :.:.. . :-"/:.t. n.r+{-fil-E+T_e --

PeroentProyince

Sdilanan
DiyarAakir
Gaziantep
l'trardin
Siirt
.Sailliurfa

REGTCT{

Product in tons

78,773
384,534
24L,353
L97,658
79,799
53,709

L r054 rg15

f:rui.t Bearing
Veretables

76,9L2
381,014
233 t426
L94,537
76,425
69,65L

1,03L,965

6 1202
L9,747
9.816

13,299
3,766

LL,420

64,239

97.6
99.L
96.7
98.4
97.0
94.5

97.8



Table 3.21

IftNIGATED LAIID TX THE GAP REGIOI

(Pritic md Privatc)

Prwlrcc

Adiyusn

0iyrrbckir

c.zlertcp

lrrdin

Siirt

Sant iurfa

T0TAL irrigated in GAP region

TOTlt irrlgetGd in Turkey

Addltionat trrd to be irrigated
by thc Southcrst lnetotia proJect

Arce in ha

12,7!6

?6,114

22,84

?2,256

5,(80

33.696

121,754

2,g9o,ogo

1,800,000

Ssrccl Grruudotu lnedatu proiol(3081), Ar{<rra, 19E0.



Tab1e 3.22

A}ITICIPATED ADDITIOIIAL CROP PROOUCTTON RESULTING FROI GAP

COTPARED IIIIH TURKISH PRODUCTION PRIOR TO GAP DEVELOP}IE}IT

(in 000 tons)

Turkish Productiond
Before GAPCrop

cotton lginned)
Cotton (unginned)

Oit seed (incLuding cotton seed)

0it seed (exctuding cotton seed)

Rice (in husk)
Rice (mitted)

Sugar beet
Tubers (inctuding sugar beets)

Grains

C Iover/at fa Ifa
Fodder

Vegetabtes/met ons

Oni ons

LegwEs

Tobacco

Grapes

Fruit
0t ives
Pistachios

Various crops

Poptar (rood in 000 cu n)

Anticipated Addition
bv GAP Devetosnent

556

1,591

1,107
273

515

400

4,269
4,289

2,467

1,254
2,692

3,033
46

83.5
18

406

390

8

9.9

270

233

475

NG

1,274

NG

NG

190

8,837
NG

22,750

631

NG

9,265
NG

NG

NG

3,496
1,253

NG

NG

NG

|tG

Sources: DSI(3081), Table VII-8 ard an earlier urdated ciJcailar.

a Year rnspecified btrt prior to 1980.

Ii*rte: IiE = Not given in guoted sources. Nc atterpt is nrade to
slryIY figrres fmn other sources.
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flUAER OF TRACTORS III THE SIX PROVI}ICES OF GAP

Provincc

Adiyeman

Diyarbaki r

Gaziantep

l,lardin

Siirt

Sanl lurfa

NEGIO}IAI TOTAI

AtL TURKEY

1976

1.514

?,784

?,644

1,288

560

2,519

t97A

1,761

3,517

l,6l I

1,%9

974

2,969

1982

2,432

4,585

6.818

2,150

1,227

4,085

Pcrccnt lrrrcacc

61r

65t

15'n

674

119r

6il

1 I ,309

481,802

14,701

370,259

?1 ,297

491 ,001

EE'I

74t

Sources: Gmevdoou Anadolu Proiesi(3081), Ankara, 1980, p. vIt-10, for thq 1976 erd 1978 statistics.
The 1982 stati3tics rc fro Tcrimat yaoi ve Uretim 1982 (5002) 

.

llotc that tand, Gqrifatrt, and crope occur in these six provirrces outeide cs rett as ircide
thc GAp dcvctopFnt .rcr.
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Tab1e 3.24

r,El/E.s OF FABM MECHAMZamoN
IN TTJRKEY ]N 1983..

Region l{o. Tractors Anea Arltiva.Eeq ltrrs€pc rrer HP/ha Sfactors/ha ha/Tractor

Sou;teast Anato}la 22,249 2,683,889 L,L24,29L 0.42 0.00829 L20.6
All Turt<ey 5L2J75 22,972,000 24,24L,663 1.05 0.02230 44.8

soure: Gnpr Yavuzcan, et al. (5oo31 
r pp. 453-467.

a n1tlpugh th sor.rcre cites these as appearilg ln aL982 reSnrt, the nrmber of tractors or-
. r*p"td" to L983. Ttre publication date of t[is sour@ nas 1986'



Table 3.25

PIrcES OT rcIIIPMMII PER TRACIOR IN fi]RKgY

L980 1984
Ilpe of Eguiprent Turkey SE Anatolla Turkev SE Anatolia

lbldboard plcru 0.89 0.64 0.85 0.73
O:ltivator 0.34 0.55 0.38 0.54
Disc haffcr^r 0.20 0.07 0.18 0.13
Seeder 0.20 0.33 0.20 0.28
ttriversal hanrcster 0.05 0.02 0.05 0.O1'

Itray nrxen 0.02 0.01 0.02 0.04
wagon 0.97 0.88 0.89 0.78

source: Qmgor Yavuzcan, et al. (5oo3) 
r pp. 453-457.



Table 3.26

xtfiBER OF Acntcutnn L flOLDtXGS tX G P REGIOT

rouin€s

Adiyxr

Diyarlrkir

Gazldrtcp

llerdin

siirt

Santiurfa

TOTAL

ttms rith Crops fily
Iurtar Pcrccnt

Famp rith Cropo & Animts
xsEq EEeog ,tbtal $mbgr

l0;26E

11,9&

31,835

{1,E61

8,695

3t,55

2,213

1,691)

3,9:r3

4,239

2,0r5

3,922

7.'

4.0

12.3

't0.1

8.7

't2.5

28,055

40,u7

27,9O2

37,622

21 ,639

27,333

9?.7

96.0

87.7

89.9

91.3

87.5

18,062 182,818

sourccs Grncldoeu Anadotu proiesi(3081 ), Ankara, 1980, p. VII-5.

9.0 91.0 200,880



Table 3.27

trxSER oF AXIlr ts rx GAp pRor,l[cEs (19E2)

Province

Adiyarun

Diyarbaki r

Gaziantep

ilardin

Siirt

Sant iurfa

Totst

806,219

1,U7,949

u2,391

2,277,563

1,859,951

2,56?,350

Sheeo

383,460

837,130

439,620

1,221 ,470

807,250

2,122,90

5,810,310

49,636,000

Goats

513,5'lo

,u,700

3/,0,zm

486,110

742,610

315,720

2,792,920

14,655,000

Angorr
Goatg

-0-

.-0-

-0-

40/',460

174,530

-0-

578,990

3,558,000

lU),249

426,119

63,501

165,5?3

135,561

121+,2&

1.024,213

14,4U,000

67,990

?9J,690

317,990

146,W0

't3r,380

151,U4

1,114,7*

10r055,000

Aninate
Catttc Slarhtcrcd

REGIOilAL TOTAL 10,196,433

TURTEY 92,333,000

source: Turkive Istatistik Yil,tigi-1987(4891), prim rinistry, stete tnstitutc of st.tistics, p. ?05, Tsbtcs
167-168.

Dat. for e I'aughtercd cniilats dcrived frcrn m.nicipal, staughtcrhowcs. Data do not irctrdc aninrts
kittcd ittcgatty or for raerifice. Animatg star.ghtercd nay irctudc othcr 3pcciGs, G.g., ratcr
hrffrto.



Table 3.28

CAIEGfiIES OF LA}ID IIOLDIXG IX THE GAP REGIOI

fera Sizc
ln ha

1.0-5.0

5.1-20.0

20.1 -50.0

50. I - 100.0

tr00.1 +

TOTAL

Xu$cr of
Feil tics

t4t,903

74,&3

72,211

603

1,399

Aggrcgatc
Area in ha

199,08

756,n1

595,559

66,880

473,797

PGrcalt of Orficrg
ln CateoorY

61.4

32.4

5.3

0.3

0.6

Pcrccnt of frmtend
ln Cetcoow

10.5

(0.0

20-9

3.5

25.1

a,0,949 l,gg1,5g2 100.0 100.0

sosrce: Grncvdogu An dol,u proieei(3081), Ankara, 1980, p. vIIl-5.



Table 3.29

SIZ.E AI{D Om.lffiSIUP IN A SAI'{PLE OF ARIC{ILT{RAL EwIBPRISES
(VDRIGNG TAFO,IS) ]N URFA PRCMINCE

(in decares: 10 da = l- ha)

Area Farred bryr Foun of l.and lltern:re
Size of Qrcration kivate Rent€d Strare-cropped 1total Area Perent

in &a da I da I da t in da of !ot'a}

1-50 L6.7 46.4 L6.7 46.4 2.6 7.2 36.0 4-7
5L-100 48.8 61.9 18.9 24.0 11.1 14.1 78.8 10.3

1oL-250 88.2 53.9 67.4 4L.2 7.9 4.9 163-5 21.4
25L or rrDre 310.6 64.1 155.7 32.L L8.2 3.8 484.5 ;!]3g100.0
TOrAr 464.3 60.9 258.7 33.9 39.8 5-2 762-8

source: aksoy et ar.15oo?), p. 51, Table 4.
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Tabl-e 3.30

SAII{PI,E OF TTIE SIZE OF TABIIII}IG OPERTITIONS
IN MERKEZ AND AKCMALE IrcES, T]RFA PRfiTINCE

Size of Operation
in da

24-5A
51-100

L01--250
25L--L570

I(rIAL

Farm Fanilies
l{unber Percent

Area
Decares

Fa::rEd
Penoent

19 21.L
19 zL.L
38 42.2
L4 15.6

90 100.0

684
L r4gg
6,2L5
6,793

15,180

4.5
9.9

40.9
44.7

100.0

source: Aksoy et, al.r(5oot11, p.53, Tabre 5.



Table 3.31

DISITRIBI'TTON OF IAIDLESS EAMITJES IN UREA IL (689 1IT]IECES}
TTD MffiKEZ AID AKCAI(AT,E IIJE IN 1981

(Village lrwentory StrdY)

Ibtal Farm Fanilies f,anfurrring families t"ardless Fanllies
Il/IIce ltrrnber Percent lember Percent Nmber qercer*

Urfa 73,579 IOO.O 42,433 57.7 31,146 42'3
tEkez L4-,727 100.0 7 ,446 50.6 7 r28t 49'4
Akcakale 9-,484 100.0 4,969 52.4 4,5L5 n'6

sorrce: Aksoy et al. ,l5oorl, p. 53, Tabre 6.



Chapter I
ftre Impact of Development upoa the ltaters

of, tbe Euphrates River and its Tri.butaries

The preceding overrriew of the Southeast Anatolia
Development Project (SEAP; cuneydogu Anadolu Projesi/
GAP) leads inevitably to the focus of this report. That
is, what will be the impact on the three riparian users
from developments--both in place and planned--on the
Euphrates River in Turkey and in Syria? These guestions
for the Tigris River are at this juncture less critical
for two reasons: Turkish development of the Tigris and
its basin has scarcely begun, and the regime of the
Tigris downstream in Iraq presents special problems
unlike those relating to the Euphrates. This latter con-
dition results frorn the Tigrisr receiving large incre-
ment,s of water from left bank tributaries throughout its
course in Iraq, while the Euphrates is an exotic stream
in lraq and even in Syria is far more dependent upon
Turkish sources than usually thought.

To address the above guestion, we must review the
Euphrates River from its source to its mouth in terms of
dams, reserr/oirs, and diversions for irrigation as well
as of evaporation, evapotranspiration, water losses, and
return flows. Not all readers may have a generalized
view of how human use of a river system impacts upon the
riverine environment. Thus, a brief review of this topic
is found in this chapter, the final section of which can
be skimmed or skipped without loss by the cognoscenti.

Such a review emphasizes two sets of problems. The
first is to define the above terms as they are used or
can be expected to descri.be activities and phenomena
referred to in the various articles and technical reports
upon which this commentary is based, for it is necessary
to use both Turkish and Syrian materials, references, and
research. In this wdyr the results garnered from each
country cross-check the results from the other and may
serve to fill in gaps in the data, by measurement at
another venuer or by extrapolation. The second problem
refers specifically to the spotty and less than complete
information on certain aspects of Syrian Euphrates devel-
opment activities which must be worked out in detail ln
the pages ahead before the total review referred to above
can be attenpted. To clarify the interrelationshlp of
these elenentsr tre must now consider a general rnodel of
river use in the Middle East
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{.1 Charaatertstl.cs of, l.tiddlle East
River Eyatea usel

Streams in the Middle East are largely rrexotic[ by
nature. That is, they rise in well-watered areas but
before reaching the sea or some inland sink they flow
into an arid zot.te where no more water is added and they
actually dininish in volume through evaporation and
seepage, not to mention human use. The basic character-
istic of such streams is that they have seasonal periods
of high water followed by periods of extremely reduced
flow. For example, whereas the St. Lawrence River has
only twice as much water at high flow as at low flow, the
Nile has more than eight tines as much water in September
as in May, the Euphrates 28 times its ninimum amount, and
the Tigris nearly 80 times as much. Such flows are the
result of winter rains in higher areas, the nelting of
the mountain snow pack, orr in the case of the Nile, the
onslaught of the monsoon onto the Ethiopian highlands.

There are at least six uses for such rivers. In
approximate diminishing order of importance these are:
irrigation, domestic use, hydropower, industrial use,
navigation, and fisheries. The latter two uses are
eclipsed by the first four, of which hydropower is the
least demanding; use of river waters to generate power
usually does not deplete or change them. There are two
exceptions to this general ru1e. Where spawning runs of
fish are concerned, prevention of the breeding stockrs
progress upstream may reduce fish populations, while the
destruction of fingerlings on their way downstream pas-
sing through penstocks and turbines can aLso be a
problem. In the case of the Euphrates and Tigris rivers,
spawning fish do not present a problem.

A second complication may result from river-borne
silt settling in the reserrroirs behind dams, whether
these dams are intended for hydropower generation or
irrigation or both. Excessive quantities of alluvium may
fill in reservoirs and reduce their useful lifespan;
silt-free waters downstream from such reserrroirs may have
increased erosive power with subseguent, channel changes
and/or the undetmining of man-made structures. In the
case of the Nile, water-borne silt had, before the High
Dam, also restored fertility to flooded fields, but this
was-not true downstream on the Euphrates in Syria. This
subject, vis-a-vis Iraq, is not considered here.

Of the six listed uses, irrigation is the most dem-
anding and potentiall.y destructive. For example, it has
been estinated that in Egppt agricultural water use rep-

Irft" 
"o,,t*nt"ry 

in tfri" section is in part sbstracted from Kotars(4896)
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resents 92.5 percent of all water extracted from the
Nil,e(48e8). a further concern where irrigation is a factor
is the quality of the water returned to the main stream
after passing through the fields. Heavy loads of fertil-
izers, insecticides, herbicides, and dissolved natural
salts can make water unpalatable and even unusable for
further irrigation. (This topic is treated more fully in
chapter 10.7r {IIrtEl Po}lution from domestie and
industrial use can also be a problen, although the lou
level of such use in the GAP area (see Chapter 3.2 and
3.3 , 

-E 
tG dininishes this as an j.ssue. As men-

tioned elsewhere, navigation is essentially out of the
question on the upstream portions of the Euphrates and
Tigris rivers, and fishing is of little consequence.

Another source of water, which may be independent of
stream flow but which may play an important part in
detemining the quantity and quality of available water,
is purnping from underground reservoirs or aquifers. In
the case of the Euphrates-Tigris river basin, the agui-
fers which supply the Khabur River in northern Syria are
for the most part located north of the border in Turkey.
As will be shown in Chapter 9, although the conventional
view is that the Khabur and its tributaries provide up to
12 percent of the flow of the Euphrates, the sources of
these streams, and also those of the Balikh farther west,
are spri.ngs rising just inside Syria south of the Turkish
border. These springs receive most of their water, in
turn, from large pervious catchments to the north in
Turkey which are areas of higher rainfall. Prior to new
development plans in Turkey, these springs and the
streams dependent, upon them represented an inviolate
Syrian resource. Now, however, the Turks plan to pump
large quantities of water from these aguifers in their
own territory. The issue of underground water rights is
extrernely cornplicated, and certainly Turkey as weLl as
Syria should benefit from this resource. Nevertheless,
here is another possible source of international conflict
unless it is understood and resolved by negotiation.

Furthermore, while depletion of underground waters
is a najor consideration, there is also the qrrestion of
return flow to streanbeds and to underground conduits or
aquifers. ff the quality of the water running off the
fields and/or seepage back into the aquifers is sig-
nificantly lowered, this can seriously affect downstream
use. If any group is to suffer from this phenomenon
along the Euphrates, it will be the fraqis who are far-
thest down stream.

It should also be noted that return flow from irrig-
ated fields riLI be reduced in quantity because of inef-
ficient use of the delivery system (canals, storagre
depots, purnping stations) and through sinilar inefficient
use and application of water on the farms themselves.
System efficiency in Turkey and Syria is discussed in
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Appendix A. Another source of water depletion is the
amount used by plants (crops and weeds) to maintain their
metabol,isms (transpiration), and also the water evapor-
ated from surfaces (soiI, stalks, leaves, etc.). These
two losses to the atmosphere are subsumed under the ternr
evapotranspiration. Thus, a large part of the water
removed from rivers and resenroirs for irrigation will
not find its way back into the river. Return flow as
such has been estimated for the prrrposes of this study to
be approximately 35 percent of the water withdrawn from
the system (see Appendix A) .

1.2 River Eystens--ln Ovenriew

Let us now take an overview of the systems which
have briefly been described. Figure 4.1 illustrates ele-
ments Middle Eastern rivers have in common. The diagran
is simplified so that it can be applied to numerous exam-
ples throughout the region. Stream flow begins with
natural precipitation at the headwaters of country nunber
one. Water may be impounded for the generation of hydro-
pohrer, with some possible loss through evaporation off
resernroir surfaces. Water then continues downstream to
the next resenroir, which not only is used to generate
electricity but also serves to irrigate fields. Evapora-
tion losEes occur from the surface of the second reser-
voiri losses also occur from fields through evapotranspi-
ration, and through system inefficiencies (leakage from
ditches, evaporation from open channels, etc.). Return
flows may or may not be unacceptably polluted.

Farther downstream, punpage from independent aqui-
fers irrigates additional fields and provides some return
fLow, which may increase downstream quantities but may
also increase their salinity. Losses also occur through
loca1 evapotranspiration. Return seepage from fields may
restore some portion of the'water removed through pr:mping
but may also pollute spring waters. Excessive purnping
uay dininish spring flow trdownstreamrr on the aguifer and
even across the international frontier. (Lag tiure be-
cause of storage capacity of the aquifer as well as dif-
ficulty of obserrration may make cause and effect diffi-
cult to establish in this case.) In country number two
sinilar patterns are repeated, all of which can have
inplieations for countries farther downstream. At allpoints along the river, ehanges in the amounts and qual-
ity of water may affect domestic and industrial use.
These situations can and do occur in numerous permuta-
tions and combinations. At the same tine, it should be
kept in nind that aridity and water need increase as you
rcove from the headwaters downstream, just as, conversely,precipitation diminishes in the same direction.



5

wirh
is time to
this study.

The Impact of Development

the above description of river use in mind,
consider the approach used in the remainder

it
of

a.3 OrgaairatLou of, tba lnalysis

While the intent of this study is to analyze in as
much detail as possible the impact of Turkish development
plans on the Euphrates River, the approach to this topic
begins with a discussion of the actual amounts of uater
involved. fhis, in turn, first necessitates looking
closely at Syrian data and development plans before turn-
ing to a siuilar analysis for Turkey. Thus, the discus-
sion and tables in Chapter 10 wilL present the Turkish
case and artieulate its analytical results with those
downstream in Syria. This analysis ends at the
Syrian/fragi border (with reference to Hit, Iraq) because
of the spec5.al condit,ions prevailing in the latter
country.

The following chapters will examine the use of
Euphrates River waters in logical, though not necessarily
geographical, seq[uence. Chapter 5 considers ?he Annual
DLscharge of the fitphrates Rjver: Tttrkey into Syria and
Syria into lrag. Such a discussion is critical to anyplanning andr/or negotiations regarding the amount of
water available to be used by each of the three riparian
states involved,

The nature of The Euphrates System in Syria follows
in Chapter 6. This allocates aveiage dischlrge incre-
ments to the tributaries in that country. The defining
of such shares of river flow is necessary before an anal-ysis of Syrian use--actual and projected--can be attenpt-
ed.

A further step must precede such an analysis. Thisrefers to the actual amounts of water that must be ap-plied to eaeh unit of developed land in order to neetirrigation requirements based on climatological, soil,
and crop conditions. Chapter 7, Water Use per Hectare
aad AnticLpated Rjver Depletion, undertakes this task in
terans of botb Syrian and Turkish usages.

Once the amount of water necessary for successful
irrigated farming has been determined, it is necessary tolearn the actual amounts of land currently irrigated and
subsequently scheduled for irrigation. Chapter 8, en-titled lrcigated AgticuTture in the Syrian Euphrates
Drainage Basin, considers the numerous reports associated
with this topic and suggests figures cornpatible with
avaj.lable data. A similar presentation will be made in
the sunmary section for Turkish irrigated lands althoughthese have already been referred to in the earlier chap-ters of this study.



6 The Zmpact of DeveTopment

One further area of investigation must be considered
before a final summary analysis of the Euphrates is
given. This is the nature of the Khabur River and lts
tributaries in the Jezirah of northeast Syria. Chapter 9
points out that the flow of the Khabur upon which Syria
places so much enphasis is in fact largely derived from
and controlled by catchment areas inside Turkey. The
Khabur River and lts Tributaries spells this out in
detail sufficient to make this an issue of con.;ern to
planners and politicians.

Chapter 10, Static and Dynamic Views of the
Euphrates River System, will it is hoped speak for
itself. The summary, Chapter 11, takes a look at the
probability of future developments as well as attempting
to estimate the tining of such events. Ancillary issues
such as environmental impacts and ethnic issues are
touched upon, as well as any last minute developments.
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averagrs hnual Diseharge of the Euphrates RLver:
llurtey Lnto 8yria, syria into fraq

ff and when tripartite negotiations take place con-
cerning the use of Euphrates River waters, much wiLl
depend upon a clear understanding of the quantity avail-
able at any given time to be shared among the riparian
users. The first such measure concerns the average
annual discharge of the river. This is no sinple matter
to detetmine, for it seems that every report and evalua-
tion quotes a different set of figures. Moreover, Turk-
ish reports disagree with other analyses for the same
gauging stationsr ds do those for Syria and Irag.

Table 5.L Iists six stations along the river from
Bireelk, near the border in Turkey, to Hit in lraq. The
11 sources of infornation list 1,7 values, excluding one
estimated rrnatural flowrr (see Table 5.L, footnote 3),
none of which agree and few of which offer consistent
data. Possibly other references could be found listing
still more flow or dischargre data, but those would only
add to the confusion. The only new materials which could
clarify the situation would be complete flow recordE from
at least one major station in each country for the same
long span of years, measured in the same way in each
case. It is unlikely that such a data trove will become
available. On the other hand, some sense can be made of
all this if the accompanying tables and graphs are cdro-
fully examined along with the text that fo1lows.

Figure 5.1 shows the information given in Table 5.1,
with upstream data on the left and downstream data on the
right. The points indicated in every case are identified
by the souree from which that value is derived. A dis-
cussion of these sources of data helps to identify what
may be the most accurate picture of average yearly dis-
charge. The lines joining the upper row of values, as
well as the ones joining the lower values, do not imply
natural sequences of flow, but rather are meant to indi-
cate reasonable upper and^ Iower lirnits on such data.

5.1 Discbarge in Iurlrey

Birecik, Turkey, shows two divergent values for
discharge at that point. The greater value is drawn from
the ,southeast I,rtatolia DeveTopnent Project Report (SEAP;

1
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Guneydogu Anadolu Projesi/GAP) (308'l). (lhese comments also
apply to the single value for Karkamis, downstream from
Birecik almost to the Syrian border. ) In this case,
neither the number of years nor the specific years
involved are mentioned in the original report. The lower
value for Birecik is drawn from Clawson et aI.
(CLA) (3088), who in turn cite Hathaway et a1.(48ee) and their
1965 IBRD report on the Keban Dam (Table 5.2). This is
based on 27 years from L937 through 1963, with partial.
data for L964. Evidence discussed below suggests that
the GAP figures are for a shorter and more recent period
of tiure. The accuracy of the CLA data night be ques-
tioned pro foma, but at least the tine span is known.
Sinilar data from CLA for Hit, Iraq (Table 5.3) can be
shown by inspection to be a subset of the data provided
a}-Haditfr1tsoefl by the rraqi Ministry of lrrigation (Table
5.4). As will be seen, these data seem to be consistent
and usable. By inference, the CLA data for Bireeik
should be reasonably reliable. GAP data are probably
accurate for the years they represent, but much depends
upon the number of years and the time span chosen when
considering a river with as irregular a regime as that of
the Euphrates.

The slightLy higher figure given by GAP(3081) for
Karkamis, downstream from Birecik, is consistent with the
formerrs geographical situation. As nentioned in Chapter
5 regarding the Euphrates in Syria, tributary flow from
the Nizip and other smalI streams in Turkey should ac-
count for this inerease. Nevertheless, both these GAP
values appear unusually large.

3.2 Flow ia Syria

T5s 6apt3081) data are in sharp contrast with the next
two values on this chart. The USAID report on Syrian
agriculture(3045'3049) quotes an overall f Iow for the
Euphrates of 271000 Mcru/yr, but gualifies its statement
by adding, rtThe flow of the Euphrates the last seven
years has averaged substantially less, however, about
22.L billion cu m; measurements at the Syrian-Turkish
border.rr The report also lists the flow for the years
L967 and L97O-L977 (Table 5.5). Flows for 1978, L979,
1980, L982, and 1984 are also available from _!he_ Syrian
Arab' nepubiic (SAR) Statistical Abstrac6s (3050)(3216'f,21e) .
The average flow for the years L973-L979 (i.e., rrthe last
seven yearstt) Ls 747 cu m/s or 23,566 Ylc;m/yr, somewhat
more than the quoted 221100 Mcm shown on the graph, but
the question remains that the location where these data
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were taken is unspecified and may be downstream beyond
the confluence with the Sajur, thus possibly accounting
for the increased vaIue.

Inspection of these data (Table 5.5 and Graph 5.21
shons wide fluctuations ranging from 121800 Ylcm/yr to
32,860 l$ca/yr in the space of 36 months. Values for the
earlier years in _thi,g series come close to the 27, o00 Mcm
quoted iy UsAID(3045'304e) and seem consistent trith Cr.{(30e4)
data if an additional downstream increment were taken
into consideration. Values for L973-L975 appear iDoDEt-
lous at first and far too low. It was, holrrever, in the
winter of L973-L974 that the Keban and Lake Assad reser-
voirs began to be filled. on the other hand, inspection
of flow data for other rivers and streams in Syria (Table
5.6 and Figrure 5.2) for the same time period show a sig-
nificant dininution of discharge throughout the country,
outside as well as inside the Euphrates drainage basin.
This period of low discharge on the Euphrates cannot be
explained through reserrroir filling alone, and is un-
doubtedly clinatic in origin. Had this information been
known at the tine, the near confrontation between Syria
and Iraq over the dirninished river flow rnight have been
avoided.

The next value is given by Beaumeng(0033) for Yusuf
Pasha near the head of Lake Assad, upstream from the
Tabqa (Thawra) Dam in Syria. This is an average for L7
years from 1950 through L966, a period of relatively low
water in the entire system (Figure 7.7). It should be
kept in rnind that the close correlation between Hit data
and Birecik data shown in Figure 7.3 perrnits some inter-
pretation of points in between the two stations.

The 14 year average (Tab1e 5.5) cited above has been
placed on the graph at Tabqa, where it still appears as a
Lomewhat low value for th6 site. ShchuLir'r{2102) gives the
lowest value without reference to the tirne span or dates
covered. Indeed, it is so'low that it suggests that he
may be citinq a single yearts di-scharge. The vaLue
qu6tea by sirnnan <ogss>'(raire s. r) is in6onsistent with
USAID data and suggests that he has cited a wrong year
(possibly L9721. Therefore, his datum is not shown on
the graph and is mentioned here only to illustrate the
difficulties surrounding these evaluations. Low, medium,
and high UsAID(3045'304e) averages are also shown for compar-
ison,

It should be noted that the average value for L4
years shown in Table 5.5 is consistent with the low value
given upstrearn by Beaum6rrg(0033). Little is known regard-
ing wirtirts varuel diseussed in Bourgey(0040). rt m6rety
reinforces the idea that long-run average flow rates



4 Average 3ur,nuaT Discharge

should have lower values than that quoted by
a1-Hadit51(3067) , whose higher value is for 21 unidentif ied
years, presunably in a consecutive seguence. The _top
frgalpfroaf'3o4e) datui is as unusuarly high as shchukinrs(210o
is low. This figure lacks time-span (only two years) and
represents an infrequent period of flooding.

5.3 Flow iato Iraq

There are eight values available for Hit, Iraq, and
it is these which allow some estiruation and evaluation of
the correctness of the various data given in Graph 5.1.
The lowest a1-Haditl1(3067) datum is for a single year and
iE consistent with the lower range of river flow. The
second and larger value (moving up the column) is for 49
years from L924-L925 through L972-L973 (Table 5.1).
A1-Hadithi cites the Iraqi Ministry of lrrigation_ a-s his
source for these data. tnspection -=how= thai, gr,A(30881 use
a subset of these data, but since CL,Ars publication date
precedes that of al-Hadithi, the two authors must draw
their data from a third conmon independent source,
undoubtedly that cited by al-Hadithi.

The data clustered about the average value (n = _-4_;
sae Table 5.1) in the column include one based by'94{3088)
upon a shorter run of vears. The same is true for
ai-naaitSir=(3067) value giien in that grouping. The next
highest al-Hadithi value is for 30 years, but is lower
thin that given by g6s11(3063) for the same period:
1940-L959. This inconsistency persists when the data
provided by both are compared by decades as well as for
the entire 30 year period. (Ubell presents his data in
increments of ten-year averages.) No reason is given for
the discrepancies shown by Table 5.7, and it is unlikely
that either writer knew of their existence.

While various explanations suggest themselves, it
would serve little purpose to pursue them at this point.
Rather, the al-Hadithi data (Table 5.4) provide us with a
fairly long and consistent view of river flow. (This
includes by extension the subset used by CLA as given in
Table 5.3, but the longer time span is preferable.)
Ubellrs data would seem consistent with a higher range of
values and, as such, may be rnisleading. The present
analysis prefers to adopt the more conservative view of
the situation. The very high value of 33,7OO Mcm/yr forrrnatural flowrr at Hit--the last item on Figure 5.1--
raises the question of the difference between trobsetlled
or measured, flowrr and rrnatural flow. rr The latter term
refers to stream volume before any human withdrawals have
occurred and, as such, must be estimated rather than
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measured. This last high value is probably a correct
estimate (as demonstrated in Chapter 1o,-.
other values discussed here are often apparently
xobsernred or measuredrr and do not take withdrawals into
account.

5.4 ![he Average negine

What then can be said about the guantity of water in
the Euphrates at Birecik, Tabqa, and Hit? ft appears
that tire sequence of data used'by cu1t'ott' at g-ir-ecii( is
better than the higher figures sfrown by 6ap(3081). How
were the GAP data derived? Table 5.8 suggests an exfl.a-
nation. This table shows the data used by al-Hadithi
for Hit aggregated in 10, 20, 30, 40, and 49 year
periods. Note how river flow can vary from one ten-year
period to the next (left-hand column). AIso note how
increasing aggregations can change and/or obscure htgh
and low periods of flow. While these data represent con-
ditions at Hit, the figures in parentheses are approxi-
mations of natching flow leaving Turkey. These latter
values hlere derived by reducing the Hit figures by 6.6
percent, the average amount shown to enter the systen
from the Balikh and Khabur rivers in Syria. Without
claiming overmuch for evidence such as this, the corre-
spondence between the derived flow for the period 1953-
L964 through L972-L973 and the data given by cAP for
Karkamis should be noted. One may ask if the unspecified
time period upon which GAP data are based perhaps corre-
sponds to this decade of river flow.

Table 5.9 further illustrates the variability and
courplexity of discharge. The four years of great,est flow
(L965-1966 through 1968-1969) have the phenomenal average
of nearly 50r000 Mcm/yr. The smallest consecutive 4
years average about 171000 Ylcm/yr. Within those 4 year
periods, the single largest annual flow egualed 63rOOO
Mcm and the least 1Or700 Mcm. Figure e.Z shows the 49
year series at Hit. The flood of 1969 catches the eye
and dominates. One may ask in P.J. Weatherheadts words,
rrHolr, unusual are unusuil events?tr (3087) (page 1385) . In his
review of unusual events and their impact on ecological
and biological systems he concludes, ttW€ tend to over-
estimate the importance of some unusual events when we
lack the perspective provided by a longer study.rr In this
case, 49 years of data do not seem long enough to provide
an objective perspective. Again, as the statistician
U.J. Moroney says, rrl dislike time series and index
number men. The plain truth is that we can never--except
by an act of great faith--say that an existing trend will
bi rnaintained even for a Short time 

"6""6ii 
6ozl (page
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3721. rf one srere to fit trend lines to the data shown
in figrure 6.7, there would be some upward slope-t=o9 1930
to 19Sg. But the period from 1941 to 1961 would show a
dosnward trend. We are even further blinkered by J.acking
data for the last 15 years (L974-L988). At least, with
49 years available, the lean years of the thirties tend
to Lalance out the abundant late sixties. Such
differences present opportunities for choices based on
political points of view--a fact to be remembered.

To continue downstream from Birecik, the slight
increase at Karkamis is consistent with the regime of the
river, but would a parallel upward value persist at.that
point' if long-run dlta were availablel It seems likely
Ltrat that would be the case. usAlDrt(3045'304e) average rrfor
the last seven yearsrr reflects the unusual-Iy low water
from Lg73 through L975. Whether drought or removals
account for such a deficit, this seems far too low for
long-range pJ.anning. Beaumont r s (0033) datum for Yusuf
Pasba is in a range similar to the lower values shown for
Tabqa (Figure 5:1). Shou1d we then reject the high
values at Tabqa cited by a1-Hadithi(3067)z After all, he
says they are for 21 years.

Since only the Sajur contributes to the river be-
tween this }olation and the Turkish border, a slight
increase suggested by the lower linit line seems more
consistent. It may be that at-Hadithirs choice of 2L
years included years with relatively high water leve1s.
it we aecept cr,A-ts(3088) data for Birel*,-it is reasonable
to e_4pect slightly higher values than those given by the
gAltt3050l and u5etD-ts nlne-year average for rabqa. (There
is also the possibility that the USAID figures refer to a
point at the Syrian-Turkish border, which night account,
for their being Eomewhat lower. ) It also appears that
al-Hadithits higher value for Tabqa is inconsistent with
his other data for Hit. These latter reflect tributary
flows downstream from Tabqa--the Ba1ikh and Khabur--and
should be greater. This increase between the two sta-
tions is shown by the lower linit line. Nevertheless,
about 500 Mcn of the difference is not accounted for with
these, data.

Finally, at Hit, a}-HadithirE(3057) data are most com-
plete. Except for the unexplained disagreement between
ubellrs 66g"tsocs) and his -data, the 49 year series
a}-Hadithi presents is convincing.

5.5 Safe Values



Average Annual Discharge

The gist of all this is that, if we Linit ourselves
to a consideration of obsetrred flow or measured. flow,
then the Longer run, lower average values seem safest for
talk_ifr-g about future river use. Thus, the data given by
gr,A(3088I for Birecik (26,990 Mcrn,/yr) and the as y6ar re-
cord provided by a1-iaAitni|.3067t'toi nit (2g,4oo Mcn/yr)
represent the best data sets this study can provide
(Table 5.10). The data for Tabqa are less certaini a
middle rcrn![e average value (27 r23O Mcn/yr], although less
less thoroughly substantiated than the values for Birecik
and Hi.t, is consistent with them.

There remains the question of natural flotr versus
measured flow, for any diplonatic partitioning of. the
riverrs waters must be based upon the amounts provided by
natural causes. As will be seen in Chapter 10, the
amounts of water already being withdrawn in Turkey and
Syrla have a significant inpact on the quantity arriving
in Iraq. That complication, however, will be considered
in Chapter 9, which is devoted to the Khabur in Syria, is
well as in the part of this study analyzing Turkish use
of Euphrates waters.



Chapter 6

|[he Eupbrates Systen ia Syria

Syriar ds the second riparian user of the Euphrates
River, contribuces water to the system and also extracts
Large amounts of water fron it. Small quantities of
runoff enter the mainstream from wadis along its right
bank, but, with the exception of the flow of the SaJur
(Turkish: Sacir), this contribution is ephemeral, unpre-
dictable, and negligible. The discharge of left bank
tributaries into the Euphrates is much more significant.
The Balikh (Turkish: Culap) and Khabur (Turkish: Habur
and/or circip) support considerable agriculture in Turkey
and downstream in Syriar; these add from 7 percent
according to,_Kolars (this study) to 12 percent acqording
to Beaumf,rrgtoo35) to thd dischargl'downstrl", into rraq. i
further issue is raised if the source of the water in
these two streams is considered. Because these tribu-
taries have their headwaters in Turkey, an additional 5.8percent (if Xolarsrs computations are correct) to 10percent (if Beaunontts larger figure i.s true) of the
total Euphrates volume may be influenced by Turkish water
resource planning. In other wordsr ES much as 98 percent
of the flow of the Euphrates may originate in Turkey.

The aurbitious plans which Syria entertains for the
use of Euphrates waters must be emphasized at thisjuncture. Of primary interest is the guestj.on of exaetly
how much water actually comes from Syria rather than
Turkey. If as Beaumont claims some L2 percent of the
total flow is Syrian in origin, then the Khabur and
Balikh tributaries are secure sources for irrigation

1tt is diffieutt to estioate exactty hor m.rch r.ater is relpved from the Khabur in Turkey
for agricuttural urposes. GAP(3081) r6ports that 6,700 hectsres are irrigeted at the st.te
Prodrction Fann (Devlet Uretm Cifttigi) srd that an rrirportant partrt of the rater cqnes fror
undergroud aouices. lt atso stetes that four purpa are used to suppty rater frcru the Habur
to thc rttppc!'ctcvations.n lt shoutd atso be noted that a rcservoir catted therrAridetr app€ans
uPstream frol Ceyl,arpinar on the Habur on GAP maps atthough no reference to it is made in the
GAP tcxts. Fitutty, GAP rcports a totat of an additional 2,186 hectares irrigated in the sane
region fro smatt pords or reservoirs.

GeYErat dcscriptlms of the strte Prod$e Farm (D.U.c.) can be fq.rrd in: Urfa Provinciat
Goverrment(322t). urfa--ll, Yittigi, 1967 (Dogus ltlstbaasi, Sivas, Turkey: no date), p.207-
212.

Additionat itrfonnation on cAricutture in the Urfa-Harran ratershed (i.e. the hcsdraters
of the Gutap/8atik) is avaitebte in: ll. AyTitdiz, et Et.(3222), ,G.A.p. de uygutanabitecck
Sutama Teknotojiteri.'r in Ankera University Facutty of Agricutture, c.A.P. Tarinsat (atkirma
Sittpozyunr"l8'21 (asim 1986 (Ankara Universitesi Easinrvi, Ankara: 1986), pp. 105-328.
llolrever, no exact figurcs ane provided from rririch to estimste exact rater extractions.

1
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development anticipated j.n their watersheds by the
Syriane. On the other hand, if as much as 98 percent of
the water actually originates in and can be controlled by
Turkish dams and pumps, the Syrians must carefully evalu-
ate their situation and negotiate these details with the
Turks.

The inportance of the above statement becomes appar-
ent when the scope of Syrian plans is shown. As of
1982-83, some 313r3O0 he<;tares of Land hrere scheduled for
irrigation. of these L43 t 000 hectares were in the study
stage, LLl r00O hectares hrere being prepared, and 53r000
hectares hrere in production(485e). The Euphrates Dam
(Tabqar/Thawra) not only provides much of the iupounded
water for these fields, but in 1979, for exampler pro-
duced 60 percent of Syriars eleetricity (2.5 billion k$rh)
from eight 1031000 kW turbines of which six were operat-
ing. As Syriats need for electric energy inevitably
increases, so too will its need for a secure supply of
water in the Euphrates. Any such water coming from
within Syria is not only securely under Syrian control,
but a1so, the larger Syriars donation to the stream, the
more bargaining power it will have at the negotiating
table.

Thus, the questions that need to be asked at this
point are: How much water do the Euphrates and its tri-
butaries discharge into Syria from Turkey, and from Syria
into Iraq? What are the sources of that water? I{hat
denands (extractions, polluting return flows) are cur-
rently placed on the stream, and what can be expected in
the near future? These questions are not easily answered
because 'of the scattered and widely varying bodies of
data and estimates that are available to investigators.
The discussion, graphs, and tables that follow will tryto give the range of such information, to evaluate avail-
able data, and to assess which answers are most like1y to
be correct.

6.1 Relative Sbares
Birecik, furtey

Euphrates Wat€r3git, Iraq

Table 6.1 addresses the amount of water provided by
each of the sources mentioned above. Despite the factthat a uide range of data exists for discharge along the
course of the Euphrates, the figures in this table have
been chosen for their internal consistency and chrono-logical span. The uagnitude of Euphrates fLow has been
discussed in Chapter 5. At issue here are the relatLve
proportions of that flow.

Given a volume of 27r0OO Mcm at Birecikr dn addi-tional 410 Mcm enters the main stream before reaching the
Turkish-Syrian border at Karkamis. This is a fiirty

of
to
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large amount for such a short distance (approximately 25h) , but includes the flow of the Nizip and severalsmaller streams. Precipitation is approxinately 40O qlm
annually; runoff is about 100 nnlyr along this stretch of
the river.

the next measured increment of stream flow is from
the Sajur, which rises in Turkey and enters the Euphratesa short distance inside Syria on the right bank - (Table6.2). WhiLe somewhat greater flow values are shown forTurkey, the dininished downstream flow in Syria caneasily be the resurt of small-scale private irrigation in
both eountnies. A small reserrroir reportedly prinned forirrigation in Syria night further ieduce -sLream fLou
through evaporation and extraction (USAID, 19BO(3045)- RpU
5-7 , page I-184) . A small dam and reserrroir are planned
for the west branch of the Sacir in Turkey (the- EuzeLSuyu). The Tuze1 has an average annual natural flow of
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Tabte 6.f

EUPHRATES RIVER DISCHARGE

FRO| BIRECIX, TURXEY, T0 lilT, IRAQ

Ftoc Added

in ilcm/vr
Cm. Ftor. Perccnt
in ,1cm/vr of Total

Ftoi. €t Birecik
('1937- 1963)

Addcd in Turkcy
Added in Syria

by Sacir/Sajur
by Batikh/Cutap
by $abur

Totat added in Syria

Total, 6dded Syria/Turkey

FtoH at Hit

410

80

190

1.780

2,050

2,460

26,99o

27,1.00

27,480
27,670
?9,450

91.7L

r.3r

0.4/
0.6r
6.02

7.U

8.3X

29,450

fhe purpose of this tabte is to approximate the various shares of Hater added to the
Euphrates betcccn Birecik arrd [it. cLA(3088) data xere used for their tetgth of covcragc and

eeeming internal consistency. In scnE instances, FAo(3065) data uere used for tribr,rtaries
because they ere the onty record avaitabte.

Ihe point made here is to shon the relative votnnes of rater each stream contributes. A

discharge vatue of 29,450 llcm at Hit may trc tor, but the internat consistency ard proportions
are more iEFortant than the actual vatue.

Source: Kotars(4637).
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40.15 Mcm, and the resenroir wi}l have an effective
capacity for irrigation purposes during the months of
June-Ju}y-eugust of 46.3 Mcn. No indication is available
of the area to be irrigated; but, assuming a 50 percent
use of the available water (miniurun resetrroir capacity
5.7 Mcn) , a total of 20.3 Mcm could be removed from the
Sajurrs flow downstream. This is not a significant
anount, but it is one which nay necessitate international
negotiation for the optimum use of th-is-- stream by both
corintries. (A11 Turkish data from GAp(3081) , v-24.)

Continuing downstream, the head of Lake Assad formed
by the Tabqa/fhawra Dam is encountered south of Yusuf
Pasha at the village of Remis. This reserrroir has a
storage capacity when filled to a crest height of 40 m
(300 n above sqq_-level) of 11,60o Mcm (sAR, Statjstlcal
ibstract, 1980(3050)1 and a surface area of 625 sq kn.
Loss by evaporation from this surface is significant and
wi}l. be discussed elsewhere in this study.

An underground aqueduct leads fron a punping station
on Lake Assad, southeast of Khafsah Kabir, to the city of
Aleppo. This is apparently the najor--and perhaps the
only--source of water for that city at present. The
Qweit< River, which rises in Turkey, at one tine supplied
water for. the city of Aleppo. It seems, however, that
litt1e or no city water has come from this source since
ttre 194Os (personal comnunication, Richard Deknejian).
Present use amounts to 22o,ooo cu m/day, which is about
145 1 per capita, for a total of 80.3 Mcrn/yr (usArD(3045),
RPU 2or page I-59.) It is not the Purpose of this section
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AYrrlge of ebovt

III IURXEY 60

so{5ces: FIo(3(b5), s n(3050), USAID(3045), cAp(3081).

a ConFrtcd frcn crrr.ret value.

Euphrates jn Syria

Table 6.2

TIIE SAJUR/SACIR RIVEN

Yearly Average Ftors

lcngth Ftor in cu rVs Dat!
in km Eq min E Ftor in llcrn/vr sre

Ilt syRIA 25.0 0.5 3.0 94.510 FAO, p. 24

48 13.6 0.0 t.9 59.920 sAR, Tabt.4/1
2.84 88.ooo us lD, I.l8{

2.56 80.800

4.44 138.600 GAP rrt-e7
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to consider the impact of withdrawals of this nature.
Houever, it is interesting to note that this amount is
approximately equal to that added by the Sajur upstream.
Domestic deuand will soon exceed this amount. At the
same time, frrrit canning at ld1ib, two cement plants, a
glass plant, and a sugar factory are all significant
water users. Further details of this situation are given
in Table 5.3, which describes the Qweik River. Whil,e
this river does not feed into the Euphrates draJ.nage
system, it relates to water use problems common to both
systems. Sewage facilities in Aleppo are considered to
be trtotally inadequatetr (RPU 20) .

The Balikh (Turkish: Cu1ap) is the next tributary.
It enters on the left bank and receives the bullc of its
water from the Ain Arous (spring) in Syria, near Tel
Abyad on the Turkish border. Additional flow crosses the
border from Turkey, but the consi.stency of this is
uncertain from the data available (Table 6.4). The 116
km length of the Balikh in Syria (SAR, Statl,staL
ebstra'cg(3050), Table 4/Ll is heav-ily utilized for irri-
gation. The same is true for the Culap (Balikh) in
Turkey, where the stream and its tributaries are appar-
ently dry for varying periods of tiure. No data are
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Tabte 6.3

IHE OT'EIT/BALIK RIVERA

Yearly Average Flor{s

Ftfl in ilqVm Deta

Location lEI min E Ftou in llcm/vr Source

Yagiz Kopru 5.05 0.30 1.U 22.02 GAP, ltl'27
(6 yrs)

Syria 7.0 0.0 0.5 15.8 SAR, Tabtc 4./1

renrtin DanP P.u c P, v'24
site

rrar Ateppoc 2.79 88.0 usAlD, I'69

sounces: cAp(308'l), sAR(3050), Us ID(3045).

a The Turkish name for this stream is the Batik. This shoutd not be confused rith thc Syrian
name for the Turkieh Cutap, xtrich is Batikh.

b Th" Kemtim Dan is ptanned by the Turks for the Batik River. l{inim,m reservoir capacity 2.78
lrlcn, effective reservoir capacity 31.72 llcm. [o irrigation hectarage avaitcbte.

c r...it appears thst Dost of this rater is used in trrigation )tetrork 8 do$rstreao in RPU

26... ]letlrork I at l4atkh has 14,860 ha. (USAID)
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available in usable form to indicate the exact amount of
land irrigated or water used in either country along the
Balikh/Culap River system. The quantity must be consid-
erable.

Some estimate of the impact of Turkish use in future
years may be made. According to plans, some 1GOrO00 hec-
tares_ _ lrill be irrigated on the Urfa-Ilarran plain
(eAPGoatl , page v-4) . I{ater for this will come through
the Urfa Ttrnnel from the lake behind the Ataturk Dam.
Return flow from these fields may range between 21300 and
51800 eu m per hectare, depending upon the interpretation
chosen for the data (see tables 7.4 and 10.3). This
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Tabte 6.4

IHE BALIKH/CULAP RIVER

Yearty Average Flors

LerEth of Ftor in ttcnr/no Ftor in Data

Location Record !!g min rc l{cmlYr !ry

IX TURTEY

Incirti 14 yrs 5.09 0.40 2.28 27.39 GAP, III'22
llorozkoy 2 yrs 25.20 0.02 7.96 95.48 GAP, III'22
(oprutuka 2 yrs 4.45 O.O9 1.30 15.59 GAP, III'22

sr,rB-TorALb 111.07

TII SYRIA

lin Arous ? 15.77 189.22 FAO & USAID

SUB.TOTAL 300.29

Cennetik I yr 0.25 0.00 0.03 0.38 G P, III'22
xopruc

TOTALd 300.65

sourcesi G p(3081), FAo(3065), usAID(3045-3049).

' Xoprutuk is on the C.vsak tributary in Turkey.

b S.rlrtot"t ie srm of ftor of llorozkoy and Koprutuk, tr{o tributeries nreasured individuatty.
The Incirti neasurenent is far upotream above Horozkoy.

c Cernretik Xopru is on the Karacurrn in Turkey rhich enters the mainstream in Syria.

d Despite this totat, the nore conservative vatue based on the ftor of Ain Arous 1189.22

ltcn/yr) has becn used in Tabte 6.1 because that is the vslue reportd dornstream in Syria.
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rsould increase the flow of the Balikh by amounts ranging
from 368 to 928 !,/tcm/yr. This would essentially double to
quintuple tlre downstream flow. while this nay present
new oppoffirrities f,or irrigation in Syria, the quality of
this water nay be poor as a result of upstream leaching
and/or dissolved fertilizers, herbicides, and pesticides.
Flooding night also present problems. Again, while men-
tion should be made of these issues, they remain second-
ary to the main purpose of this sectionrs discussion.

The final contribution to the flow of the Euphrates
coues from the Khabur River system, which joins the nain-
stream 40 km downstream from Deir ez-Zot. The use of
this stream in Turkey and Syria and the complexities
relating to its varieus tributaries and ground water
resources justify a detailed analysis in the pages that
foIlow. At this point, it is sufficient to say that therfnatura}r flow of the stream at Suwar is about 56.5 cu
n/s (1r780 Mcn/yr). ft should also be noted that,
wherever possible, data have been used in the calcula-
tions for Tab1e 6.1 that pre-date major dams and develop-
ments along the rivers concerned.

6.2 The Relatioaship B€treen Eupbrates Flow
And TXat of Its gyriau [rLbutaries

Just as the discharge of the Euphrates varies widely
from year to year, the difference in discharge between
Birecik, Turkey, and Hit, Iraq, varies greatly. Some-
timesr ds in L94L, 1951, and 1959, there was actually
less water at Hit than in Turkey. On the other hand,positive increments have varied from as much as 71500 Mcm
(in 1954) to as litt1e as 400 Mcn (in 1944). The average
difference is 2,470 Mcm more at Hit than in Turkey, based
on 27 years of measurements (1937-1953). These varia-
tions are shown by Tab1e 6.5, and by Figrures 6.1 through
5. 6.

Figrure 6.1 shows the incremental differences between
discharge at Birecik, Turkey, and Hit, Iraq, from Lg37
through 1963. (This is the longest consecutive record
for both gauging stations available for this analysis.)
Discharge at Birecik is indicated as a flat line by the
abscissa. As can be seen, no particular trend is evid.ent
in the variation of these differences. Figure 6.2 shows
the correlation--or lack thereof--between the quantity of
water discharged at Birecik and the incremental differ-
ence recorded at Hit, when data from both sites are plot-
ted for the same year.

On the other hand, Figure 6.3 shows a clear positive
correlation (r = O.92) between the total discharge at
Birecik and the total discharge at Hit. This indicates
that the amount of water discharged across the border
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Tabte 6.5

YEARLY FLOJS AT EIRECIK AND HII
In Chronotogica[ Order

EE

1937

1938

1939

1940

1941

1942

1945

1944

1945

1946

1947

1948

1949

't950

195r

19r2
1953

1954

1955

1956

1957

1958

1959

1960

1961

1952

!963

31,500
36,000
33,900
29,800
30,200

27,600
25,400
25,600
27,000
26,400

22,300
?3,200
27,OOO

29,000

30,300

25,200
22,300
26,000

23,200
21,000

At Birccik
Ftor in Ftor in 2-Yr
cu m/s Hcm Ave.

894 28,200

997 31,400 29,800
831 26,200 28,800

At Hit
Ftor in Ftor in Difference
cu m/s llcm in flors

1,165 36,m0
1,120 55,500

1,032 32,500
856 27,000

1,056 53,300

691 21,800

920 29,000

703 22,200
1,007 31,800

62 20,900

E3 23,m0
716 22,600
932 ?9,400
906 28,600

1,012 31,900

588 18,500

827 26,'100

8'18 25,800

655 20,600

574 21,300

u2 27,800
1,076 33,900

935 29,500

1,182 37,500
1,117 35,200
1,079 34,000
1,023 32,500
1,069 33,700

851 26,800
1,047 53,000

809 25,500

1,119 55,300
711 22,400

799 25,200
700 22,100
963 30,400

1,119 35,300
1,2r4 39,500

At iit:
l=27
i = 934 cu rVs
i - 29,500 HcrVyr

- 400
+ 2,500
+ 3,300

+ 600
- 100

+ 1,500
+ 5,300
+ 400

+ 5,000
+ 4,000
+ 3,300
+ 3,500
+ 1,500

+ 1,500
- 500
+ 1,000
+ 6,700
+ 7,600

D i fference:
i = +2,378

826 26,000 ?3,700
4U 15,300 20,700

69?. 21,800 19,600

1,355 42,800 32,300

710 22,400 + 3,900
875 27,600 + 1,500
893 28,200 + 2,400
744 25,500 + 2,900
658 20,100 - 1,200

973 50,700 + 4,mO
535 15,900 + 1,600
749 23,600 + 1,800

1,378 43,500 + 700

At Birecik:
ll=27
i ' 856 cu tVs
I = 27,000 ilqVyr

source: cLA(3088). conFrtetions by author.
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from Turkey into Syria will definitely affect the amount
of sater arriving downstream in Iraq. However, it is the
flow of the uain stream and not the flow of its tribu-
taries in Syria which underlies this phenomenon. This
inplies that variations in the flow of the Khabur in
Syria, shether from natural or human causesr Ddy increase
or decrease the amount of water available in any given
year, but that significant deficits downstream in Iraq
are either the result of water removals from the main
stream by human action in Turkey or Syria or of major
clinatic variations in the catchment area in Turkey.

The question of why, in terms of flow, some years
are lean and some abundant on the Khabur and/or Balikh
remains to be discussed. If these two streams were to be
dried up completely, the flow of the Euphrates wouLd on
the average be reduced by 6.6 percent in lraq, but year
to year variation in the incremental flow reaching Hit
has a more complex relationship to variations in the flow
of the Syrian tributaries (Figure 6.4).

The nature of this relationship is shown by Figrures
6.5 through 5.7. fn the first of these Figures, the dis-
charge of the Euphrates at Birecik has been taken as ageneral indicator of conditions throughout the region,
including the headwaters of the Syrian tributaries. Run-off appears to be a function of the holding capacity and
per:neabiLity of the soil and perhaps of najor underground
aquifers. Thus, the lack of correlation shown in Figures
6.2 and 6.4 (where mainstream flow peaks appear, lf any-
thing, to be dianetrically opposed Lo incrlnental peakl)
has been largely elininated by taking two-year running
averages at Birecik and, plotting them against incrementsat Hit. This assumes that one-half the water within the
watershed will be retained for a given year and runoff in
the next. It should be noted that the correlation is
good for the years from 1945 to 1961 when each two-year
average is plotted against the same year at Hit, but Lfratfor the sequences 194O-1944 and 1952-1963--as shown forthe f,ormer on Sigure 6.6--the diametric opposition offlows to increments is accentuated by the averaging pro-cess. .This, in turn, has been overcome (Figure-6.5)- by
staggering the downstream values by two yeari (e.g., Lg41is correlated with 1938-L939). -Before suggesting anexplanation of this delayed arrival downstreim, it is
reasonable to suggest that, given the flow at Birecik inTurkey, it should be possible to predict the rfnaturalrt
flow of the tributaries in Syria. This may be of consid-
erable importance in the future. (The one caveat to thisstatement is that the discharge data at Birecik must be
accurately.equated with rrnaturalr flow. )Sigure 6.7 suggests an explanation of the incre-
nental lag described above. This shows the measured frowat Hit for each year, beginning in October and endingwith Septernber of the following year, for the perioi
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L924-L925 through L972-L973. (A sinilar time sPan for
Birecik is, unfortunately, unavailable, so some of the
ideas that fo}low must remain as untested speculations.)
Inspection shows that the lag period L94O-L944 (Figrure
6.5) followed the severe drought of 1930-1936 (Figure
6.71. A critical transition year was L945, when the lag-
ged arrival of the increment ended and a year-to-year
correspondence began. This was the eighth year after the
drought that flow had been above average (as shown by the
five-year running averaqe also plotted on Figiure 6.'lr.
This suggests that considerable time is necessary to
recharge groundwater reserrroirs before they are fuII
enough to allow an added increment to be passed down-
stream in the same year.

The impact of excess runoff is less certain, and
because of the shortness of the available record it is
not possible to test the effect of the great discharge of
L959 against later years. Some lag effect is indicated
for the years 1957-1958 (Figure 6.5) following the heavy
discharge at Birecik in 1954, but the data do not uarrant
much speculation. Nevertheless, the above discussion
allows a clearer view of the situation on the tributaries
in Syria. As mentioned earlier, the complexity of the
Khabur system and the emphasis placed on its future
development by the Syrians justifies a detailed examin-
ation in subsequent chapters.



Chapter 7

llater gs€ per Eectare
aad lnticLpated River Depletion

It is of particular importance to establish a
reasonable expectation of water use per hectare of farm-
land (irrigated) in the GAP area. By extension, this
discussion can be applied to similar circumstances in
Syria. (Iraq with its severe drainage problems lead,ing
to salination requires separate consideration. ) As has
been alLuded to in Chapter 4, the amount of water used on
1 sq m (or on each hectare) of irrigated cropland can be
significant. It becomes j-mportant, therefore, to ascer-
tain just how much will be used by Turkish and Syrian
irrigation developments. If a crop reguires 1 m of water
per growing season instead of only 500 mm, water demands
will be doubled.

Moreover, the very large hectarages anticipated byprojects in both countries mean that iqtrnense quantities
of water are at stake. Several agencies have published
computations showing the anticipated water needs forvarious locations during the warm months when plant
growth is possible. Because several methods exist for
computing such needs, because published reports often
give conflicting values for the same or similar Loca-
tions, and because in the Turkish case the definition oftfirrigation water usedrr is unspecified, it becomes neces-
sary to consider carefully the meaning and accuracy of
such data.

Because temperature increases rapidly fron north to
south in the Euphrates river basin and because precipita-
tion decreases in the same direction but is also affected
by topography, the amount of water needed to supply the
demands of irrigation varies from site to siter ds does
the supply naturally available for plant growth. Thecritical measure in this case is potential evapotranspir-
ation (PE). This refers to the theoretical amounf of
water a field crop needs in its inmediate surroundings to
rneet evaporation demands from its own surfaces and from
the ground upon which it grows and also to meet its orrntranspiration demands in order to ensure a healthy
meLabolism throughout its growing season.

a

Potential evapotranspiration is calculated inseveral ways, each beginning with rnonthly and annual air
t,emperatures. More complex methods include wind speed
and other criteria. Evapotranspiration measures are
usualLy eomputed for an entire year, although the growing



2 iilater Use gr-r llectare

season (in the case of the Euphrates roughly from Apri3.
through October) is the period which interests us here.

7.L ltsthods of Conputation

Two methods have been used to compute water needs by
the various authors of the source materials referred to
in this report. The two are the Blaney-Cridd}e fomula
(cAP 1980(3081r, page III-20) and the Thointhwaite methodl.
Both use day-length and temperature as najor independent
variables. Thornthwaiters method does not refer to crop
type, while Blaney-Criddlers does by reference to an €D-
pirical crop factor rktr which varies with crop type and
stage of growth. Neither method takes existing precipi-
tation or soil moisture into account. Part of a croprs
(or plantts) PE need will be met with water supplied by
natural precipitation and/or water stored in the soiL.
The amount thus supplied without supplemental irrigation
is referred to as actua-L evapotranspiration, which in
arid regions may be significantly Less than the PE. I{hat
remains iE the rrrrater deficittt (D) , which must be compen-
sated for by irrigation.

Thornthwaig"{308e) subseguently devised a method of
computing the rrWater Balancett for a given crop area.
with this method, available moisture--either as precipi-
tation or as soil moisture--is subtracted from the poten-
tial evapotranspiration need computed for a given area
with a particuJ-ar soil type (sand, loam, clay), tempera-
ture, and crop (deep rooted, shallow rooted, etc.)Z. In
this wdy, the amount of water needed to be supplied by
irrigation can be computed.

Table 7.L iLlustrates the tlpe of data available
from Turkish sources for.some, but not all locations.
Given a reasonable distribution of such data sites,

lFo, description of these tro mthods and a cocparison of them rith a third, the Pevman

tt*thod, scc: Dume.rd Leopel(30591 (1978), pp. 136-141. corputations by the author of this
text rerc bescd on Thornthraiters Uater Batance for tro reasons. The data (air tefiperaturc
ard precipitrtion) rerc available rhere other measures (rind vetocity, etc.) rere not, Ind the
lreter Batance takes precipitation and growd i.ster into accornt, thus presenting a mre reat-
istic vier of the lgricuttural process. Catcutations rere based on: C.lJ. Thornthraite and

J. R. ltather(3ogg).
?tt ghoutd be mted that Thornthraiters rethod tends to r.nderestimote need rrtrite the

Btaney'Criddte rcthod is smrtrat more exact. The Thornthraite nethod ras used herein out of
necessity (se€ footnotc above). 0n the other hand, such lor estimates may be t6ken to reprc'
sent tha absotute mininrnr arcult of r.8ter necessary, thus estabtishing a base tine for dis'
cussion purposes.
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extrapolations between them for the entire area are
possj.ble. Another source of water use data consists of
values calculated using one of the methods described
above. Turkish sources present computations based on the
Blaney-Criddle method (6ep, 1980(3081) page III-20). The
Thornthwaite method has been used here to check such
values.

The first question to be asked is what is meant byItlrrigation Water Needsrrt the direct translation of the
Turkish phrase quoted in Table 7.L. Both Blaney-Crlddle
and Thornthwaite equate their formulas with the trrotential
evapotranspiration needs of the crop. This refers
directly to the amount of water a field crop needs, but
does not take into account precipitation and soil
moisture which may be available. The Turkish usage night
mean one of three things:

1. Potential evapotranspiration only;

2. The total amount withdrawn from the resetrroir--
which would include potential evapotranspiration,
water losses resulting from system inefficiency,
and the amount of water which eventually finds
its way back into the system farther downstreami

3. Potential evapotranspiration plus the amount lost
to system inefficiency but excluding the amount
returned to the system.

These three possibilities are shown in Table 7.2.

7.2 Def,l.nition of Conponents

As Dunne and Leopol6{305e1 point out (page t62) , sig-
nificant additional water loss beyond evapotranspiration
needs occurs during transfers from reserrroir to the farm
and from the nain canal to individual fields. They sug-
gest that, as a rule of thunb, evapotranspiration needs
should be doubled to account for such losses. Thisproblen in terms 6f Turkey and Syria is discussed else-
where in this study, but for this analysis i.s taken to
be 2.5 times the evapotranspiration. At this juncture,
35 percent of the total amount withdrawn from the reser-
voir is assumed to be ilreturn flow[ to the Euphrates at
some point. in the system. The components considered by
Table 7.2 ares
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flre Stated Yalue--a value given without def,in.i.tion
in tlr.e Turkish example (i.e., just what is neant by the
term nirrigation water needrr and by the figure 9998.71 cu
m/heetare/Apr i 1 -October? )

The Amount Withdrawn--the quantity of water which
would actually be withdra!{n from the resetrroir given a
particular definition of the first term, tbat is, 2.5
times deficit replacement (once deficit replacement has
been determined. See definition below. )

The Amount Returned--It is assumed that 35 percent
of all water drawn from the resenroir will eventually
find its way baek into the river system. This is often
referred to as retutn fLow. (See Appendix A for how this
value was determined. )

Potential Evatrntranspiration--the amount of water
required as defined in the preceding text during the
growing season April through October.

Water Deficit or Deficit Replacement--that portion
of the potential evapotranspiration whj.ch cannot be made
up by precipitation or soil moisture and must be met by
added irrigation water. (This term is used in Table 7.3
and 7.4. )

Water -Loss--that portion of the water withdrawn from
the reserrroir which neither returns to the river (return
flow) nor is used to satisfy deficit replacement. This
disappears through seepage, evaporation from canal sur-
faces, evapotranspiration from wild vegetation, etc.

Fund Depletion--the amount withdrawn from the
reservoir less return flow. In other words, the absolute
drain on the river system (measured per hectare of irri-
gated land) which diminishes downstream flow. This would
consist of trwater lossrr as described above, plus thettdeficit replacementrr which is used to supply direct
crop/plant needs unmet by precipitation or groundwater.

7.? Potentl.al EvapotranspLration

Row I of Tab1e 7.2 assumes that the f igiure quoted in
the Turkish source (9998.7L, here rounded off to 10r000
for convenience) represents Potential Evapotranspiration
(PE) for the period April through october. The total
amount withdrawn given the criteria described above would
be 251000 cu m per hectare, of which L6,25o cu m per hec-
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tare would constitute an absolute loss to the system
(i.e., dininishing downstream flow for use in Syria and/
or Iraq).

Row 2 assumes that the L0rooo cu m quoted refers-to
the total amount withdrawn for all purposes. This would
allow potential evapotranspiration of only 4rO00 cu m per
hectare during the entire growing season and can be
dismissed as unrealistically }ow.

Row 3 assumes that the 101000 cu m refers to the
fund depletion (that is, the amount lost absoluteLy to
downstream flow). This would allow 6rL54 cu m per hec-
tare for April through October. While this night be a
possibility, the PE hras recalculated using the Thornth-
waite nethod and Turkish tenperature and precipitation
data. The result is 9730 cu m per hectare for
April/october. as shown in row 5, Tab1e 7.3. Since the
Thornthwaite method results in lower estimates than does
the Blaney-Criddle method, which the Turks used, it is
obvious that row three does not offer the correct defini-
tion of the ter::n in guestion.

The above discussion constitutes a tortuous, but
necessary checking of the meanings used. It may be
assumed that the Turks are referring to gntential evapo-
transpiration aTone for the months apriT through October.
It now becomes possible to assign evapotranspiration
values elsewhere in the river basin and to consider the
water deficit or deficit replacement in terms of the
water balance, a more realistic measure of the basic
water needs of the various irrigation projects planned
for Turkey and Syria.

Tab1e 7.3 lists the potential evapotranspiration
rates published for various locations in the two
countries. Attention should be given to the top row,
which lists annual temperatures from south to north.
This gives a good indication of the relative standing of
the various stations involved. Because PE is a function
of temperature and day length, it is logical to expect
dininishing water needs as annual temperatures decline.
(See Figure 7.L for a diagrammatic view of these rela-
tionships. )

Va1ues given in the FAo survey(30651 of the Khabur
region are consi.stent with our expectations. Penman
values in row 3 are higher than those derived from the
Thornthwaite method, a fact again consistent with the two
technigues. An anomaly exilts with the GAP(3081) data.
The PE cited for Ceylanpinar is greater than that given
for Nusaybin, although the annual temperature for the
latter is higher. On the other hand, values calculated
for this study using the Thornthwaite method show a con-
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sistent diminishing from south to north (Tables 7.5-7.8).
Thus, FAO data and those derived for the present study
are preferred to the ones given in GAP.

7.1 fater Balaace

A more meaningful value for water use is shown at
the bottom of Tab1e 8.3. The water balances as given by
g6s pagt5065) for Syrian stations and as computed for Turk-
iEh stations in this study show a consistent decline from
south to north. Moreover, these values take into account
the precipitation and ground water available during the
entire growing season for each station. (A soil moisture
retention of 200 mm vas assumed for the Turkish calcula-
tions.) It should be noted that the reversal of values
for Nusaybin and Ceylanpinar in these data is consistent
with the greater rainfall at the former location. (This
may account for the inconsistent reversal of the Turkish
data mentioned above, if the |tkrr values used in the
BJ.aney-Criddle method took this into account through
either plant type or tirne within the seasoni but, since
there is no explanation of the technique used, the
6ap(3081) data nust still be treated with caution.l

It is important to note at this point that values
for the Thorntirw"lg"(308e) water balanee are only 70 per-
eent of the values cited in GAP for the same stations.
Despite the faet that Thornthwaite underestimates PE com-
pared to the Blaney-Criddle method, the difference--even
if only partially accepted--still represents a signifi-
cant saving in water, it the farm/ircigation managers
carefuTTy to7Low the water balance method of applying
water to theit fields and do not over irrigate, a common
failing in such si-tuations.

Given the amounts of water necessary to make up the
seasonal deficit, there remains the question of how much
water each hectare will require when deficit and water
loss are both considered. AIso, the question of absolute
hectarage planned leads to estimations of total loss to
the system.

Table 7.4 provides information regarding total water
demand from irrigation in Turkey and Syrj.a. Beginning
with Siverek in the north, five locations in Turkey and
four locatfons in Syria allow a transect of the major
areas where irrigation is planned. (fwo locations in
Syria and Turkey, Nusaybin/Qanishli and Ceylanpinar/Ras
AI-Ayn, share single values.) Total water demand (i.e.,
fund depletion per hectare times total hectarage) is
onitted from thiE table for Syria and will be considered
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in the section that follows. Total water demand for
Turkey is given in an abbreviated form and is discussed
more eompletely in other sections of this study. Compu-
tations of the water balance for four Turkish stations
are shown in Tab1es 7.5 and 7.8.

Column 2 lists the water deficit per hectare for
each location. (Note that the value for Birecik is an
extrapolated value.) As discussed elsewhere the amount
withdrawn from reserrroirs will be 2.5 times the stated
deficit per hectare (column 3)3. The amount of the water
which re-enters the river system is assumed to be 35 per-
cent of that withdrawn (colunn 4). The water loss per
hectare is the t,otal amount withdrawn less the arlount
returned and the deficit replacement (co1.5). The totaL
amount of water per hectare disappearing from the system
not to be returned is the fund depletion shown in column
5.

Each of these values can be multiplied by the hec-
tarage found near the station listed in column 1. The
results are given for the total fund depletion and for
the total returned to the system. Because these values
are based on Thornthwaitets method, which underestimates
PE compared with Penmants or BTaney-Criddle,s methods,
these figures shouLd be considered as minimal consertra-
tive estimates of tund depletion and return tlow, a77
eJse being equa7. The value for GOTOOO hectares near
Ceylanpinar which will be irrigated by water purnped from
the aquifer supplying the Ras Al-Ayn (springs) is shown
separately in parentheses. However, this water, which
contributes to the flow of the Khabur in Syria will still
have j.ts irnpact downstream either through reduced flows(total fund depletion) and/or water quality (return
flow) .

Even this partial listing of projects indicatesthat, if the furks will irrigate 792,7OO (+ GO,OOO) hec-tares from the Euphrates River, this would result in an
absolute depletion of 8;500 Mcm (+ 700 Mcm) and a return
flow essentially down the Balikh and Khabur systems of
51200 Mcm. This, in addition to evaporation from reser-

Jln indcPerrdent check on these figures is provided by data rel,ating to soviet irrigetion
practiccd in Uzbekistan, a tcrrperate desert arca. 14is11;n(3085) reports that nthe inptied
rithdrar€t rate in 1978 ras 15,436 cu m per hectare.$ tlickl,in refers to: K.I. Lapkin, ye. D.
Rakhimv, andA. V. Pugachev, .tlflprovenrent of rater suppty retiabitity end probtems of partiat
diversion of Sihbrian rivers,B 0bshchestvenniye nauki v Uzbekistane, [o. I (198i), p. 59-6?i
llaro&roye khozyaystvo ssSR v 1978 (iiloscor: xstatistika.t,1j79), p.240. Coturn 3 shors rith-
draxats ranging from 13,525 at Siverek to 17,635 at CeyLanpinar/Ras at-Ayn and 25,900 cu m per
hectare at Deir ez'Zor. Corsidering the nore northerty tatitr.rde of Uzbekistan and its shorter
sLnnters, the vatue cited by the Soviets fatts reasonabLy rithin this range.
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voirs and additional water use from smaLLer projects,
uouLd have a significant impact upon the downstream river
system. An aecounting of water uses based on the con-
plete inventory of projects is found in Chapter 10, wlth
further refinement given in Chapter 11.



Table 7.1

MR|TATION WATER NEEDS . .SUUMA SUYU GEREKS IN IM T
(Mardin-Ceylanpinar)

April
May
June
July
August
September
Ostober

TOTAL

Source: GAp rggO(SOB1), p. lil-36.

cu mlha./mo

405.34
832.47

2,090.s6
2.890.21
2,21il8.08
1,169.28

172.37

9,998.71
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INTEBPRETATPNS OF .SULAMA St'\tJ GEREKSINTMT

(lrrQatbn Water Nccds)a

bsta"d v"rre
9998.71 lnterpretation/
{10.0001 Elolanarion

10.000 Pot€ntialEvapo-
transpiration
Onty PE

Total Amount
lnitially Wilhdrawn

PE+L+R-W

25,000 8,750

10,000
(9998.71)

3,500

Amount Amoud Potential Water Futd
W'ilhdrawn Betumed Evapotransp Loss Depletbn
twl tRl tPEl tLl IFDI

2.5 PE 0.35 (2.5PE) (stated/clmo) W-{PE+RI L+PE

't.

2.

3.

10,000

lo,oooc
(99s8.71)

4,000

6.154 10,000
(99s8.71)

6,2s0 16,250

2,500 6,500

3.84610,000 PotentialEvapo- 1S,3BS S,38S
transpiratbn Plus
Amt Lost (Excludes
Amt Heturned)

PE+trFD

Source: 66p 19gg(3081).

aTime period: April through Odober; All values in cr: m/ha.
b A" 

"tar"d 
in GAP-computed by Blaney-criddle method; 'k' unspecified in r€ld.

c Cf. calculated PE (April€ct). Tabte 7.3, Ceylanpinar.



Table 7.3

POTENTIAL EVAPOTRANSpIMT|ON: TURKISH AND syRtAN LocATtoNs

Locatidra

lrrr.[t prccig.
Arrt t fGrE (C)

GAP

rntr,rt lao (C)
H.p ,l (poci.s ) , FIO

P€f roe.ocr
PfrIta'Il talhod
rro, p. 62

P€l rpr.oct
ihornlhr.i ra falhod
iro p. 6l

P€9 lgr.oct
'rSutrr 5qyu
G.r.ata inini r
GrP pp. ttt.56

t€t Uting
Iho.nthuai ta t.|cthod
OrF ftp d.r. Apl..OcE

Urtcr 31136q3
0!ficir Uiing
lhornthrri ta l.thod
rto p. bZ

urtcr 3rlorrr9
orficit Uring
fhoinBhraita lcrlroda

0ol r' ,rr- Zoc

.'..:,

20.oo'

1,30?

?tt ?rir

(f00 rrr)

-lE.0

q-i$til
ltJtr\6in

(4520/r.63l rn)
t6.9

l, let

r0.360 7720

't9.1

l, rgj

l.a .t - {Fr/
Ccy(rpirur Ul.t. iltn?.!

(t-A lt5 rr .!r.) (aa: t)
lE.e rt.o t6.Z

..1E.- t!.t-

t, t2.t

9.805b eee!.f 89aO.t ro.atib

9,9E 9730c 96a9 EEl1

5910d 7!7!p 66t6 55t0

sou..c6: FAO(3065), qp(30E1 ).

I ?rccipi:rsion rs pcr FAO l1.g I (Fockcr).

- 
A3 st'rcd' hJt qJcatislablr (i.c-, ost of ..q.',rG rith,-S larlr.rure 3c<rJcrrt).- 
::'J:ili;.IlI ffX:- 'rt" ii"-, uv Gre ir cansistanr ri*t rha <ti**crro b.r,i..n pgrm,,

€ rhe revert't of thc Logiot srqJc'rca (b.a.d c! !.np.,'atur. atd,. r6utt3 fro grcrt* arrrtprccipitarim .t Ori3hti.Xqseytin (6g5 lll!) rhm n.. rl.rn-Cqrtarpimr (321t l,rl)j
I 

aasco cn soit rpirturo retcntiqr of 200 nu.' va(ucs in rnr.

I cu nfhaZsroring scaran.
1950.1960 " r957.t960



Table 7.4

AAINUAL WATER RJND DEPLETION
(ar m/ha/yr and Total lrrigared Area per llcnrryr)

0.t lci t
n.gta€ant
cu 0lh. IDI

Locrtion Sce tebtr Zj

Slwrut 5,510
GA' Y.6

urft 6,61E
GAt v-6

Eirrcit ort. 6,500
??? 198r"

xutr)6in 6,910
cro Y-6/
osiihl,i

Ceytrtrpinar 7,070
en Y-L/
n.. tl-Ayn

sYRl^lt VILUES

Tcl. fglir 7,TA

0cir. cz.Zor 10,360

AEI||T
Yltltdr.Il
2.5,O:u

13,m

16,545

16,250

17,275

AEir!t
lrturncd
0.3JrtrlR

6,E21

5 .791

5,6EE

5,U6

4,@ 10,56a

4,319 11,?A

U.trr Fut Ara. Iotet
Lois o(ptctiqr Io B. Tot.t Furd tanrncd
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Chapter 8

Irrigated Agriculture in the
Eyriaa Euphrates Drainage Basin

As Turkey withdraws more and more water from the
Euphrates River, there will be an increasing deficit
downstream, first in Syria and then in Iraq. The am-
bitious plans of the Syrians to develop their portion of
the Euphrates Val}ey through irrigation will further
remove vital water from the stream. The urgency felt by
aII parties regarding this matter can be illustrated by a
seeming contradicti.on apparent in negotiations among the
three riparian users.

As discussed elsewhere (Chapter 2 and Naff and
uatson(385), page 9o), Iraq apfarently has requested a
guaranteed flow of 500 cu m/s downstream across its
border from Syria. More recently, Syria and Turkey have
negotiated a sinilar flow of 500 cu m/s downstream across
the Turkish border into Syria (Curnhuriyet, 18 July,
1987). Granted that the sidestreams entering the
Euphrates in Syria on the average increase river flow by
approximately 6 percent (the Khabur contributeE an
average 1,500 Mcm per year), a significant discrepancy
between the two values must inevitably occur as a result
of Syrian needs. It is for this reason that the analyses
found in this chapter and Chapter t have been made.
Before any realistic and binding agreements can be
reached among the three users, it is necessary to know
what Syria can reasonably be expected to extract from the
Euphrates. This, is turn, depends upon the area antici-
pated for irrigation development as well as the evapo-
transpiration demands already discussed.

An examination of this topic presents serious dif-
ficulties, not the least of which is dated, contradic-
tory, and scarce infonrration. There are four categrories
of investigation: where and how much land was originally
proposed for irrigation, where and how much land did sub-
sequent revisions deem irrigable, where and how much land
has actually been prepared for irrigation through state
run projects, and where and how much irrigated land have
private farmers and entrepreneurs brought under cultiva-
tion? 

.

The first is a matter of record and can be spoken of
with some confidence. The second presents a less clear
picture, but can be estimated with a certain amount of
research. The third becomes much more a matter of hear-
say dependent upon contradictory sources of informatj.on.

1
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Uoreover the amounts are so sma}l that, though apparently
correct, they are given with some hesitation. The fourth
involves pmoblems inherent in the data available for
examintngr private activities which make their disaggre-
gation difficult. In the last two instances the data are
from four to fourteen years old. Despite such caveats
the picture which emerges does allow projections of water
use to be made for the long term.

8.1 Bacfgrouad to the Problen

Prior to 1950 the waters of the Euphrates were
little used. Traditional 1ifts, often cameL powered,
brought what little water reached fields on the riverrs
banks. Following independence, however, speculation in
cotton by Syrian merchants led to a rapid increase in the
number of gasoline pumps drawing water from the river.
The amount of irrigated land along the Orontes, the
Euphrates, and its tributary the Khabur increased from
284,OOO hectares in L955 to 583,000 hectares in 3957
(Sanlavi11"{00c4) r page 23L). Exploitation by settled
nomads and the peasantryr as well as serious problems of
salination and drainage, necessitated agrarian reform and
the organization of cooperatives and state farms. At the
same time the need to utilize the water resources of the
Euphrates received high priority.

A major dam on the Euphrates had been envisaged as
early as L927 by the French, but not realized. Shortly
after independence in 1946, Sir Alexander Gibbs and Co.
conducted a preliminary study for a dam near Yusuf Pasha
which would have irrigated LoOrOOO hectares. Nothing
came of it however, and this effort was followed by a
twelve volume study by the Soviets published in 1950.
Next came a study by the West German Government in 1951
and another by the Dutch consulting firm, NEDECO, in
Lg63-Lg64 ltleiiczep(456e), page 1l,L) . The ifisruption of
the U.A.R. and the breakdown of relations with the
Germans in 1965 left the way open for Soviet participa-
tion in the building of the Tabqa/Thawra Dam, which was
officialJ.y inaugurated in July of L973. The use of the
waters of Lake Assad behind the dan has had a mixed
history still to be resolved.

8.2 Proposed lrrigatl.on
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Table 8.1 outlines the proposed, revised, and actual
irrigation projects relating to the Tabga Dam. The
Soviet proposal oniginally spoke of some 850r00O hectares
that could be irrigated with the waters of Lake Assad.
This estimate was quickly down-graded by the Germans to
650rOOO hectares and then slightly revised by the Syrians
to 54O,OOO hectares. This total consisted of the six
districts shown on Figure 8.1 and below as we1l as in
Table 8.1. tlork relating to all these was unified and
undertaken by the General Authority for the Development
of the Euphrates Basin (GADEB).

Ba1ikh (area #1)
Lower Euphrates Valley (area #2')
Lower Khabur Valley (area #3)
Rasafah (area #4)
Mayadin Plain (area #5)
Maskanah-Aleppo (area #5)

Total

185ro00 hectares
L65,000 hectares
75r000 hectares
25r000 hectares
40rO00 hectares

150,o00 hectares
640,o0O hectares

A Pioneer or Pilot Project was initiated (Table 8.3)
in May L973 on the left bank of the Euphrates 18 km from
the Tabqa Dam in the Raid area. The purpose of this
project was to resettle nearly 601000 villagers who had
been flooded out by Lake Assad. Fifteen villages were
built to replace the 59 that Lrere abandoned along with
the 3Lr23L hectares of irrigated land and 7,495 hectares
of rainfed land lost to reservoir flooding. It should
also be noted that 82 percent of the displaced fami}ies
orned sheep and 50 percent owned goats, the gra1Lng land
for which wis in larle part also lost (itelicz6g(a56e) ] p.g"
3.L0). The original plan called for L9,600 hectares to be
irrigated, a figure which was to have been increased to
381700 hectares by the end of the third Five-Year Plan.
The crops to be grown were primarily cotton, but also
barley, forage crops, sug:ar beets, corn, beans, fruit,
and (for the first tine) rice.

8.3 Reviaiong of Proposed lrrigatioD coals

It was sometime after this that serious probJ.ems
began to develop with regard to the application of water
to the land. al sunmariied in the usalo 1980 reporg(5046)
(pages fl-l and II-4) and intirnated by various press re-
leases from Syria, the Euphrates Basin soils are in large
part glpsiferous, crusty, prone to erosion, and suitable
only for careful applications of irrigation water. In a
November L982 intenriew with the press, Dr. tAbduh
Qasim, General Director of the Public Establishment for
Utilization of the Euphrates River Basin, spoke of the
eollapse of the canals leading to the Pioneer ProJect,



Irrigation in Syria

when rater was channeled through them, as well as of the
Ioss of 5 cu mls into the grounE (l&qfiat rnte:rriewl (te02).

As recently as July 1984 Tishrin$ue() (page 4) reported
that rtcracksrt had appeared in the Balikh canal as a
result of the gysiferous soil on whieh it rests being
dissolved by leaks from the canaL.

ggali;(3046), (II-4) , goes on to state that, rrclass rV
land is marginal at best for agriculture. Since only 64
percent of the land [in the Euphrates Project] is in
classes I through Iv, and 48 percent j.s Classes I through
III, this suggests that less than half of the 6401000
hectares is reasonably good land for irrigation Pur-
poses.rr This report then mentions and suggests a goal of
24O,0OO hectares by 1.980, but rrby 1978 only 7 r4OO hec-
tares had been preparedrtr and suggests a projection for
1980 of 43,2OO hectares. In the interview cited
656v'g(1e02) Dr. Qasin speaks of the possibility of up to
345,000 heetares being irrigated eventually.
11E1ig2skta55e) (page L2g) rep5rts that-by Lg87 an eventull
goal of 24Or000 hectares was to be irrigated by GADEB.

To these figrures should be added the lands of the
upper Khabur basin, which will also receive irrigation
water. These were originally estinated to be 400r000
hectares but a recent news release (N-Thawra, Damascus,
12 March, 1983 {1852) 1 gives a total of L3-t ,900 hectares for
three sub-projects (Table 8.4).

Thus, it would seem realistic to anticipate water
being applied from Lake Assad to an absolute maximum of
345,000 hectares orr more realisticallyt 24Or00O hec-
tares plus another 137,900 hectares on the Ktrabur. This
is not the entire story, however, and the details folLow.

In Rasafah (area 4l the Soviets suggested 1501000
hectaresi the Germans proposed 20r000 hectares because
of the glpsiferous soilsi and the Syrians apparently
planned on 25 r 000 hect,ares. Qasim indicates in his
intervie!J'(1e02) that the entire project has been abandoned.
He also mentions that, while large tracts of the original
Maskanah-Aleppo district have been withdrawn from pos-
sible irrigation, new lands in the northern and southern
Aleppo region totalling 180r000 hectares are to be added.
(These changes are apparently taken into account in the
total guoted in the above paragraph.)

8.{ Produetioa Achieved by State Run ProJects
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There remains the question of just how much land has
actually been prepared and how utuch is actually being
cultivated. No data later than 1985 are available, and
comments based on those may need upgrading. Neverthe-
1ess, the actual amount of land successfully brought into
production seems smalI. Qasim gives 13r100 hectares for
a rrCentral Euphrates Projectrr *4211+, presumably
part of the Euphrates Valley Project previously mentioned
Lv easim (xhiyyat intervierttedzl l , while ttileczel(a56e)
linits this figure to 12,500 hectares in 1985 plus an
additional 10,000 hectares in area L of the Balikh.

The Pioneer Project was revised downward to 32r000
and then 19,000 hectares, although in 1983 only t1t*?8r9
hectares were cultivated. Subseguently, Mileczek
reports 15r000 hectares irrigated and farnred on the Pilot
Project in 1986. Another 27,OOO hectares in the
Ilaskanah-A1eppo area round out this accounting to a 1986
total of 64,500 hectares irrigated.

The slow progress being made can be appreciated by
contrasting the status report on the Euphrates River
Irrigation Project for 197? (USArzsyrian i,greenengtl860) 1

descrj.bed in Table 8.5 with the amounts given above and
in Tables 8.1 and 8.2. In L976 USAfD listed 95,000 hec-
tares as developed, designs completed, bids invited, and
contracts signed for the-Pilot -erojeci, Balilctr, and the
Mid-Euphrates areas. By 1985-86 only 37r5OO hectares
were actua.ly being irrigated in the same areas
(Mileczegta56f)r page t21l . Nevertheless, the project is
being pushed forward aecording to gsgi61(486e) (page 119),
who lists 89,000 hectares being studied in detail,
117r0OO hectares work in progress, and 53r300 hectares
irrigated--a total of 185rOOO hectares as of 1983.

However, these figures include the Maskanah area.
Without their inclusion, figures comparable to USAIDts
would be: 59r000 hectares being studied, 37rO00 hectares
work in progress (excluding 50rOOO hectares in the lower
valley), and 29r000 hectares irrigated--a total of
L35r000 hectares. There appears to be an overall in-
crease of 4OrO0O hectares involved in all aspects of
development, but a decline in actual irrigated area
between 1983 and 1986 of 8,500 hectares. Meliczekrs
figure of 155r5OO hectares Itconsidered irrigablerr for the
area in 1985 is 20r000 hectares less then Metralrs for
L983.

Can
one reads
litany of
optimism,
make this
cator of

such confusion and shortfall be possible? When
the Qasiurr/Khayyat intenriew(1eof) in full, the
bureaucratic ineptitude, engineering over-

and the true difficulty of the region itself
track record seem within reason. Another indi-
the seriousness of production problems in the
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Euphrates Valley is the call for bids for work--on drain-
agl s1'sgg6s by -the rrrigation l.{inistry (MEEDt3ttcr, page
33). Bhis same article mentions a report made by the
French consortium of Gersar and SCET International which
found about 3,000 hectares per year being affected by

;:li:ig i:3. ffi:I J[:'1333;,13u,:L":n'?,"i13,"fl'"t3,!]
page 110), and the lack of results comes into focusr.
Further evidence of the <iisappointments in the Euphrates
Project is that the latest S-year Development Plan for
Syria emphasizes rainfed agriculture and the semi-arid
steppeLands. On the other hand, it should be kept in
nind that large tracts of land are being irrigated and
cultivated by private far:ners large and small.

8.5 Privately cultivated Land

Privately cultivated land is the major consumer of
Euphrates water in Syria. As with other data, statistics
relating to the exact amount are sparse, incomplete, and
seLdom current. There are two main sources of these
data. The Syrian government releases figures from time
to time; these have been available to this writer large-
J-y through references in secondary sources. Another
group of data eomes from LANDSAT iuragery and an evalu-
ation of rrintensively cultivatedtt and other categories of
Land included in tfre usaro (19801 (30a5'30ae) rep5rt. By
their definition, Itintensively cultivated landrr is con-
sidered to be irrigated.

The probleur with the latter data, aside from techni-
cal difficulties aJ.ways associated with imagery inter-
pretation, is that that report uses a series of land
classifications which are discontinuous in space. That
is, the areal units used to define and aggregate infoma-
tion nay occur in two or more widely separated places
with only cursory indications of what is found within
subunits. Syria has been divided into 58 trResource
Planning Unilsn by the USAID report(3045'304e); each RPU in
turn consists of several Production Planning Areas (pPA).
Discrininating among PPAs in a given RPU can seldom be
exact. Table 8.5 shows the amount of irrigated Land in
selected regions of northern Syria as reported from
several sources. In this case, greneral geographic and/or

lTh" inpact of Lmcontrol,ted ptnping on groundrater in Syria as retI as

rater dra*t by the Turks from aq.rifier recharge areas in Turkey ri[1 have a

this resource. This topic is discussed in the section deating Hith the
Ceylarpinar areas.

the use of grornd.
profoud rffect on

rpper Khabur end
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political subunits are the basis for reporting._ Table
b.l relies upon LANDSAT data presented in table fornt
elser*here in the USAID report. Map 9.2 shows the RPUs
for northern Syria. The discontinuous character of units
31, 32, 40 and 57 should be noted.

Given the above caveats, the following may be
stated. Treakle(3062) (Foreign Agriculture) reported as of
L97O that 15Or0O0 hectares of irrrgated land were found
in the Euphrates valley. This was clear-I-y- before Lake
Assad was iilrea. samna;(oee3) and Pitc6"r(076e) both report
about 25,OOO hectares of land lost due to flooding, while
yE11s2sk(as6e) cites 3L,231 hectares (page 110). rn L974,
.S. EI Abd conducted a study of the valley areas where
farners displaeed by reser:rroir flooding would be
relocated. His surivey indicated 128r000 hectares of
irrigated land downstream from the Tabqar/Thawra Dam
(Meliczei(a56e) , pag€ L15) . This amount plus -tiie loEt hec-
tarage mentioned above comes to L59,23L he_qt-a-{-e5, almost
iden€ica1 with Treaklests figure. usArD(3045'304e) in 1976
obsenred/estimated L42,000 hectares of land irrigated in
the trlower Euphrates.rr These latter L,ANDSAT data are
slightly larger than EI Abdrs and Treaklers figures given
losses from flooding and perhaps some increase in irriga-
tion along the edges of the reservoir and elsewhere down-
stream.

A cross-check on these figures comes about when
irrigated land in Raqqa Mohafaza (60,773 hectares) is
combined with that in Deir ez-Zor Mohafaza (95,676 hec-
tares), giving a total irrigated land downstream from
Tabqa of L46,449 hectares--close to the L42,000 hectares
cited above (Tab1e 8.5). While both of these sources
come from USAID(3045'304er, the slightly smaller fig:ure
apparently is derived from Syrian sources, while the
larger is the result of LANDSAT analysis.

In the same wdy, two corroboratingr figures are given
in usArD(3045'304e) fa; the Khabur triuutiry. ttatakah
Mohafaza is }isted as having 80,9O9 hectares of irrigated
land, while areas rraround Al-Hasakah and in the Upper
Khaburtr are listed as having ttapproximately 25r0o0 hec-
taresrr and 60r0O0 hectares respectively.

Table 8.7 allows a slightly different view of the
situation, but with approximately the same results. Re-
source Planning Units 32, 40, and 42 essentially conpri.se
the valley of the Euphrates River. Two additional par-
cels of RPU 40 are found along the Balikh and west of the
lower Khabur. Little irrigated land is currently found
in the latter unitr it would appear that most of the
5o,oo0 hectares attributed to this RPU are in the basin
of the Balikh. In any event, water use and depletion
from such fields will decrease downstream discharge of
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the main stream. RPU 42 is in the A1-Raqga area, while
RPU 32 would repres€nt the Deir ez-Zor area as well as
part of the lower Khabur and an area downstream from the
Tabqa Dam.

RPUs 5o, 38 and 41 cover most of the uPPer Khabur
system and as such also dirninish downstream flow. These
six units in sum account for 23211OO hectares. Conbined
with the 8,940 hectares in units 19 and g1 (which in all
likelihood receive punped water from the Euphrates and
Khabur), the 24L,O40 hectares thus noted are close to the
23L,449 hectares listed in Table 8.5.

RPUs 39, 45, 46, 48, 49r 50, and 57 are more diffi-
cult to assign to river flow or lrroundwater use. The
latter is probably more the case and will be treated
again in the Chapter 9 relating to the Khabur.

The Queik River, while outside the Euphrates drain-
age, is nentioned for two reasons. Although previously
the source of water for Aleppo, its waters are no J.onger
sufficient for that purpose, in large part because of
upstream diversions in Turkey and Syria. As a result,
the city of Aleppo now depends upon Euphrates waters
punped from Lal<e Assad. Current use of 8O.3 Mcur/yr is
considered inadequate, and this cityts dependency upon
the Euphrates must continue and grow. (See Chapter 6.)

The remaining RPUs--33, 51, 53, 54--whi1e within the
study area show no intensive agriculture and in part fall
outside the drainage basin.

The L42r00O hectares cited above for the Euphrates
valley plus an additional 8Lr000 hectares on the Khabur
River made a total (circa 1980) of 243,000 hectares irri-
gated. Included within this LANDSAT-based total would be
47,582 hectares apparently on-Iine through government
sponsored projects (see below) or the 64,500 hectares of
giv"rrrr"nt irrigated land cite& by Melicr"g(456e) for 1985.
fn either case, it is not clear exactly how much of this
land was irrigated previously by private holders.
Additional data are shown in Tables 8.9 and 8.10. Some
confusion results form a lack of explanation of the terms
(and the overlap of areas) Itwinter cropsrt and rrsumner
crops. n

Even assuming that much double cropping is prac-
ticed, water would still have to be applied twice to the
same parcel of land in that case. Both tables show
variation fron year to year which falls within a reason-
able rangle. The greatest difference comes between yearly
totals for the two tables. No innediate explanation of
such variation is forthcomirg, but may be explained if
one set of data comes from canal guages and the other
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from aerial or other suneys. In any event, the average
of all five values given on these two charts is 24or7LL
hectares. This is for all practical purposes the same as
the 243rOOO hectares cited above, a figure arrived at
through compJ.etely different sources.

ff a consentative figure of Z0Lrooo hectares is
accepted and if either the 471500 or 641500 hectares of
goveinment land are deducted (see above), then independ-
ent farmingr should come to about L95r500 ot L76r500 hec-
tares of privately irrigated land, although the absolute
amount of land receiving irrigation water would remain
the same. In any event, the above total represents
recent usage and should be close to what is being con-
sumed in 1986.

on-Line Government Project La4ds circa 1980
(see rabLe 8.1)2

Balikh
Central Euphrates

Project
Maskanah

Total

2Lr2OO hectares

13r100 hectares
13.282 hectares

47,582 hecares

8.6 lgater Depletion f,rou Eyrian
Irigation on tbe Euphrates

The method by which depletion of river water through
evapotranspiration and system inefficiency is computed
was presented for Turkey with best estimates of such
demands given in Table 7.4. A sinilar presentation for
Syria is nolr possible using the values already derived
and with reference to the.amounts of irrigated land dis-
cussed above

Table 8.8 presents two sets of values. The first is
based on the revised plans for irrigating Syrian lands
with Euphrates waters. .The second presents best estim-
ates for the actual amount of water removed from the
system on or about 19803. As mentioned above, data are

ffibyPitcher(074g,oaTabte8.1aremdoubtedtyaneartyrefer.
ence to the piorrbr Project and shoutd not be dor.6te cornted.

1*it" the PE vatus given in labtes 8-4 and g-7 have been catcuLated, the FAO

rcpopl(3055) on thc Khah.r (pp. 79-80) gives tro simitar enpiricat vatues. cotton in the

lftabur area reqrires 120 dafis (15 t{ay to 1 October) and 10,000 to 12,000 cu m pcr hectare.
(This routd not irctr.rde losses due to systern inefficiency.) Another study shored that 17,700
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lacking for more recent periods, but the slow additLon of
new i.rrigated lands, the probable loss of land through
salination and drainage problems, and the substitution of
government sponsored irrigation projects in areas previ-
ously privately farmed mean that the amount under actual
production today is likely to approximate the amounts
shown in this table.

In aummary, 24Lr000 hectares of private and govern-
ment lands require about 31600 Vlcm/yr of water. An esti-
mated return flow of about 2,000 Mcm (naking a totaL
withdrawal of approximately 5,600 Mcm) while augnnenting
stream flow cannot help but increase downstream salinity.

If the fuLl 345,o00 hectares suggested by Qasim for
the Euphrates are raalized along with another 137r90O
hectares on the Khabur, water depleted from the system
will double as will return flow. In order to ful1y eval-
uate the impact of these volumes upon the total Euphrates
system, upstream uses in Turkey must be considered along
with another major source of water loss, evaporation from
rese:rroirs and canals. The special case of the Khabur
with its source areas in Turkey also must be considered
before turning to a final accounting of Euphrates waters
in both countries.

hectares cotton 21200 hectares fruit ard tegucs, and 41400 hectares cereals used 240 ]lcm

Hster or spproximtety t cu m per sq m. These exanptes are in essentiat agrcennnt rith
vatues ssed for the co.tputations described here.

of
the



Table 8.1

PROPOSED, REVISED, AND ACTUAL IRBIGATED LAND PBOJECTS
IN THE SYRIAN EUPHRATES DRAINAGE AREA

(All FQures in hectares)

Localion

TabqalThawra

Proppsed Amt

850,000
(Soviet est.)

Revised Amt

650,000
(German est.)

640,000
(Syrian decision)

345,000 (1983)

135,000 (revised
lor 1980)

40-60,000

240,000 by 1980
"but by 1978 only
7,400 ha had been
prepared'

"4!1,200 by 1980'

185,000

165,000

75,000

20,000
(German est.)

25,000

Adual Amount

't,600
11,500

See Table 8.2

20,240
'Left bank near
Raqqa"

Comments

See also LANDSAT
refersnce sheet
est. for privale land

Deemed unrealislic

Deemed more
realistic

"Central Euphrates
Projea'

"Undenray 1974"

Refersnce

Bouqey, p.346

Khayyat
interview

World Bank.

9.248

World Bank

USAID 1980
V.l, pp. l-31

USAID 1980
V.l, pp. l-31

Bourgey,p.346
Pkcher, p.14

Bourgey,p.346

Khayyat
intErview

Sanlaville
p.235

Pitcher, p.14

Pitcher, p.'14
Sanlaville, p.
23s.

Bourgey,p.346
Sanlaville, p.
23s

Khayyat
interview

Balikh
(area #1)

Euphrates
Valley

-Lower
Valley

-(Area#2)

--Lower Khabur
-(Area #3)

Rasalah
(Area#4)

185,000
200,000

240,000

165,000

160,000

70,000
75,000

150,000
(Soviet est.)

Abandoned
because of
gypsiferous soil

none (1 983)



Table 8.1 continued

IRRIGATED TAND PROJECTS ON THE SYRIAN EUPHRATES

Location ProPosed Amt Revised Amt Ac{ual Amount Comments Relerence

Mayadin Plain 40,000 4O,OOO pireher, p.14
(Area #5) Bourgey,p.346

Maskanah- 150,000 15O,OOO KhayyatAlePPo intcrvi€w
(Area #6) (125,000) (tvanov,p.77)

15,000/ Khayyat
13,2A2 interview

-('near Aleppo') (100,000) (tvanov,p.77)

--northem and 18O,OOO possibly recsnt Khayyatsouthern addition to interview
Aleppo region Area #6 in place

ol original lands

Khabur 400,oo0 Bourgey,p.346
(upper)

137,900 See relerencEs al-Thawra, pp.
this report 41-42

Total:
Areas 1-6 640,000

Eventual Total
per Khayyat
inlerview 345,OOO

Eventual Total
per Melieek 24O,OOO

Totals lncluding
Revised Khabur
Estimate 4g2,9oo

(or 377,900)

Original

RevisEd

Sources: Bourgey(0040), Xnayy"t(l902), yyoy16 gsnl(1262), USRTO(3045), p;166gy(0749),

S.n lrrilb (0064), kanov(2962), aLTh awra( 1 S2 ), Me I icz e 1 
(zts G9).

Of the 640,0@ hectares originally planned, 11o,oOO hectares were to be irrigated by gravity flowlrom
Lake Assad and 530,000 heclares were lo be irrigated by watsr pumped from the reservoiilpitc-her, p. 14).
similar ligures are cited by Meliczek (p. 1 a), 12o,ooo hectares and 520,000 hectares.



Tabte 8.2

ANNOUNCEDOUANTITIES OF IRRIGATED LAND IN THE SYRLAN EUPHRATESGOVERNMENT OEVELOPMENT PNO.EET AREA: I982.83 ANd 1985.86
(Area in hectares)

0istricr

Eal i kh
pi tot
lone 1

Zonc 2

Zone 3
Zones 4.74

Subtota t

tuphratcs Vat l,ey
I,t iddte

Lorerb
Subtota t

lileskane trest
gestc

*21d
422d

Subtora t

IOTAL

t rr i qebt at

't 7.600
22,200

16,500

19,700

66. 500

1/.2 , 500

23, 000

23, 000

lrriqcted 82-632

":loo

..
1 7, 000

1 2, 000
(10,000 ner)

1 2, 000

24 ,300
(21,000 ner)

24 ,300

53 ,300

I rriortcd 85.66t

15,000

,r::aa

rotat 8?.812 / sr.tut

17.000 r

40,000 P

26,000 s

63.000 s

106,000

12,000 I

17,000 P

50.000 s

rc,000

25,000

l 2, 500

1 2, 500

7,000
20. 000

27,C00

64, 500

I = irrigated.

24 ,300
20,000

30.000
71,300

259,300

I

s18,000

20.000

38,000

203,000

Pe

S . bcing studied. p ; unCer preparation.

I'reskene East: Initiated but not conpteted as of 1gg6 (Her,iczek).
Rasafah/'avadin/Lorer Khabur areas abandoned or xork susperded (Hetrat).a inctudes Swadiyah district.

b initiated hJt not corpteted in.l9g5 (ileticzek).
c term used by l,letrat.
d terms used by [{eticzek.
e inctudes lileskenc East.

Sources: i MEticzek(S69), 2 Metral(ag69y



Tabte 8.3

THE EUPHRATES VALLEY PILOTiPIONEER PROJECT

tta.r! piap..cd by Sir At.r!.ta,. Gibb and o.rrncrs: t96Z

8e9rm: Xay l97J

soc.tio.t: lt kn frqr labqa oa th. tart b.nf of th. EuE tr.ta!
urtcf: scrvcd by Pr'mr st'tio.l (deirrna " 6 purFe rith . crgacity of 25 cs o aru r tift of zo,!.

A'C!: 0riqina(
16,000
( 1973r'

ffi* ;iilffir ffi
( 19E3 )

15,000
(:9E6)

,roFord &.rt not .tt.ind.

ihi! projecr Ylt int"ldcd to rQsatttc nclrty 60,000 vir,agcrs {ro hrd bcen ftoodcd out u, tia lt.Asr.dlcservoir' Fiftccn vittag33 havc bccrr o.ritr ..pt".ing :he originat ,g that rcrc abcndoncd.
iha dornrrd ncvision of thc arcl cuttivrtd y!3 apgarentty thc rcsutt of tha l,rrEe rcttc cottapce of tha
originet cancts 

"rd 
thc l'osr of * to'o,ooo cu n pc,'hour or ".t.. ;nro a!s-!yp.ir.ror.s roitr. utritc rhc:::lL:";:'HIIj,,H'..fr;f;;:j1*-,,, at ee iury reE6 7;36;;n(30iil, ,.'-0, rceortld rh.r

ih. cl.opa gror,n oo thc pil,ot pcoject t.rd r5e.ts, corn, baan , fruir, ..id (ror !h.;,.::".?:I:;::.tttt-, but .(3o brrtcy, ror.s. ctoF., trre..

SqJrces: Borggy(0060), xh.147ar Intcrvicr(1902), li.t"in(30971, {.ticz.k(rxxx)



Tabte 8.4

OAMS INTHE EUPHBATES RTVER BASIN IN SYRIA
(lncluding the Khabur River)

9amrPmiect Name

Tshreen (1.6 MW)
Tabqa/Thawra (gOO tvlW)
Baath (64 MW)

Westem Hasakaha

Eastern Hasakaha

lGabuF

Diversions, Ras al-Ayn
Springs to Khabur

Storage Capacitv

1,300 Mcm
1'l,600 lrlcm

90 tvlcm

91 Mcm

232 tr,lcm

665lvlcm

Reservoir Area

70 sq km
625 sq km

2.7 sq km

1,020 ha

3,'100 ha

9,580 ha

805,000 sq m
800,000 sq m
390,000 sq m

Comments

planned, MEED BDA6
see taxt and tables
complered 1986 (MEED)

49,450 ha combined

46,450 ha

42.000 ha

137,900 ha

a Under construqtion March 19g3.

Source: Al-Thawra, gnargg(1 852), p. S.

TOTAL

2,800 ha combined

300 ha
1,200 ha

600 ha

400 ha combined

TOTAL 5,300 ha

Bab el-Hadeed/
Al.Jawayda
AlJarah
Mashouq
Jagh Jagh
Malkeva
Al-Hakima/
Al-Mansouria

23lvhm
2.5lvlcm

61 ilcm

1 lr/cm

Source: Syria Times, SltOllga(l956), p.S.

Al-Wa'ar (Deir ezzor)
Karima (Hasakah)
Abou al-l(ahet (Raqqa)

3.345 Mcm
1.9 Mem
0.62 Mcm

Source: SAR rggoFo50), Taute g/1, p. 68.



Tabb 8.S

S;ATUS REPORTON EUPHRATES RIVER IRFIGATION PRqJECT

0oro: Juty 22, 1976:
lr?r h,

Pitot projec! 
d.y.toP.d 

eO,OOO

8.tikh (!act l) cerructicn ccrtr.ctt IO,OOO
3 t 9r1cd

B.tikh rmrining bict invir.d 
IZ,OOO

Ertikh (!.ct 2) d.signs co,qctcscd 26,000

Iid-E{.grrrta! vrtt.y cm!trretio.r contracts 27,OOO
r i gncct

,ot.[ h.: ;

tlain .nd br.r.tch canrts 600 krn

Sccslary canelr rrd f trrra 9OO t(n

rrin drains (surfrcc) 
5OO k,

sosrc.! u.s. ocpt. qf 511ga(1660), osyrie: Er+hrat6 3acin rainrrOtrtlcr,r8, July ZZ, 1976. ' -- r.''r'€rss J''ln raintcnar,ce projcct AEtaen!,r tigncd at



Table 8.6

USAIDEAR ESTIMATES OF "INTENSIVELY CULTIVATED I.AND'
IN SELECTED REGIONS OF NORTHERN SYRIA

(lncludes LANDSAT tmagery)

l-ocation Amount in ha Comments Source

Euphrates valley 160,000 as o{ 1970 Treakle, p.9(-28,000) llooded by Lake Assad Samman, p.23(-25,000) ttooded by Lake Assad pitcher, p. 15(-31,231) Meliczek, p. 1 10

Lower Euphrares 142,ooo private, to be integrated usAlD 19go
into projecl [RpU gA],

V.2, p. i-111(128,000) (1974) Meticzek, p. 116

Flaqqa Mohafaza 60,779 |-ANDSAT usAtD, V.3,p. 1-85
Deir Ez-Zor Mohafaza 8s.676 I3NDSAT usAlD, V.3, p. 1-87

TOTALa: 146,449

Hasakah lvlohalaza 80,909 I-ANDSAT usAtD, v.3p. 1-82

"around Hasakah" 2S.0OO approx. location unclear, RpU 50 USAID, V.2, p. 1-1G3(4,5421 ("irrQation network #2")
"Upper Khabuf 60.000 ,;irrigation nerwork #3,, hpu 40 USAID, V.2, p. 1-137

TOTAL b: 95,000 Torat, drawn from Syrian
sourcas, approximates
LANDSATdata.

TOTAL a + TOTAL b - 231,449 ha

Sources: Treakb(3062), Samman(0993), pircf,er(0749), USAID 19gq(3046-3047), SAR(3050),
961;q261(4569).

'lntensively cuftivated land'by USAID definition is considered to be irrigated; in the cases cited here
water would come from surface sour€s.



Table 8.7

INTENS IVE AGRICULTURE: NORTHEAST SyR lAa
AS DETERMTNED FROM TANDSAT (28 JULY 1 976)

(Areas in hectares)

Euphrates,
Balikh, Khabur Tribs. Partial Euphrates Within Euphrates within Basin
Lower Khabur (Pumped River, Drainage (Prob. Basin (Probably (No intensive
{Epmped River) GroundwaterL Pumf'ed iiver)_ Groundw4erl Oueik System Aericulture}

RPU Area RPU Area Rpu Area Rpu Area Rpu Area Bpu Area

32 145,000 50 24,500 19 1,700 39 7,100 20 31,200 33 -40 5o,0oo 38b 3,400 31 7,240 45 2oO

42 9,200 41b 2,500

TOTAL 201,700 3o,4oo

Total ol lirst lhree columns = 241,040 ha

Source: USATD 19gg(30a5), Tabte 3, p. l-210.

a Trgris Drainage excluded.
b Partially within basin but all irrigetion included.

Note: See Map 8.2lor location ol RpUs.

8,940 71,200 31,200

46 27,300
48 4,500
49 12,000
50 200
57 19 800

51

53
54



Table 8.8

- WATER FUNO OEPLETON RESULTING
FROM EVAPOTRANSPIRATION ANO HELAIED OEFICITS

Scllcit
torr I

Fut St r-
totat

lotsrrr(
to 3ytt.0

llcil

3127
(2176'

2&

6at

603'
(l04.)

1375

3c9

t52
ao

81

195?

lrt latu"nad
to S)6tan

3u n/h.
Loc! t i oa

Araa lffigat.d
1000 h.

logttccnrnt Dao(.tior| Dep(ttiqr
cu a/he .u il/ha tc!

Pt.m.d Progrr (Scr lrbto g.t)
Lorrr Erdr. 14, 10,160 t6,E:ri iSO{t 9.065(o.ir .s.zo.) (240!r 

(4042)

lil: 
. 

il*. , .2 7 ,07o ' , c6e (E] 6. r 66

Ict lanpr
(Ir!rk.h) 9i.9 7,nO tZ,S45 t2OJ 6.ir5
ror.ts {{l2.g

G77.9t 7L$

p'iv!r. L.,E (.. o, .F.or. lr*, J:T;s^r r.s.ry
.* t 

(x'Y i'1ctl6a Eov.rrr,Ent 3po.Bo,-cd irrigaticr . - srra b.tor)
EUCTr!te!
32,12 151.7
60 so.o 

10'360 16,&35 2551 9,06i7,0m il,6E9 5?1 5,186
(hrbur
50 24.5
38,41 i.9 

7'om 11,'89 281 5,:E6
!9, 3t E.96 

7 '72o 12,5Ls 74 6,75510,360 16,E35 tsl 9,065
rorats Z4l.04o 

1634

Govcrrurnt Sporrsorld lrrigationb circa 1960

\7.6c 7,720 r2,545 597 6,T5,

Sourcs: SEe TablE g.4 lor supporting materials and discussion.

a Figures in parenthesqs show arnounls based on 24o,ooo hectares total (Meiiczel(a56g)1.b Probably includEd in LANDSAT totals given below.
c See Table B.2lor areas irrigated in .t9g2 and 19g6.

321



ChaPter 9

lEhe Khabur BLver and its fributaries

Syria north and east of the Euphrates River is
drained by the Balikh and Khabur River systems. These
streams enter the Euphrates from the left bank below the
Tabqa dam and provide on the average 0.6 percent and 6
percent of the total flow of the river (Table 6.1).
While this amount is relatively smaII, the significance
of these tributaries is disproportionately great, partic-
ularly in the case of the Khabur. The reasons for this
are threefold. Syrian efforts at agricultural develop-
ment have net with numerous frustrations along the main-
stream of the Euphrates, while the lands of the upper
Khabur offer promise of success. The Khabur j.s cited as
Syriars significant contribution to the discharge of the
Euphrates and offers a qtid pro quo basis for Syrian
clai.ms to use of the river. Discharge from these tribu-
taries significantly affects the amount and guality of
water passing into lraq.

Evidence will be presented that more than 80 percent
of the waters of the Khabur and its tributaries originate
in Turkey and can and will be affected by that countryrs
development plans. This, in turn, will affect Syriats
plans for the area as well as the third riparian user,
Iraq.

This region is known in Syria as the Jezirah and is
further divided into the Lower Jezirah, which stretches
north from Deir ez-Zor on the Euphrates to the Jebel Abd
El-Aziz on the west and the Jebel Sinjar (mountains) on
the east of the Khabur River, and, north of this barrier,
the Higrh Jezirah, which extends from Hasakah in Syria at
the confluence of the Khabur and Jagh Jagh Rivers to the
anti-taurus Mountains in Turkey. This gently rolling
plain is the catchment area for the waters of the Khabur
systern which lies 45 percent within Turkey (LO,722 sq km)
and 55 percent within Syria (13,575 sq km). Another,
approxinately 11500 sq km, falls within the borders of
Iraq to the southeast. However, this area as open desert
contributes nothing to stream flow. Rainfall in the
Lower Jezirah is Less than 300 mm/yr and near Deir ez-Zor
evapotranspiration (1r50.4 mn/yr) is more than ten times
annual prdcipitation (148 mn). Elevations as well as
rainfall increase steadily to the north:
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Elevation
inm

300
350
850

1, 150

Average Annualpreci6itationlLocation

Hasakah
Ras a}-Ayn
Siverek
Mardi.n

267
292
548
7L4

The highest elevations in the upper basin of the
Ktrabur are 11919 m at Karacali Dag (nountain); near
Mardin, Turkey (11200 m) t and in the south the Jebel Abd
e1-Aziz (92O n) and the Jebel Sinjar (1,460 tn). The
course of the Ktrabur River extends for approximateLy Lzo
km in Turkey with a slope varying between 5.2o/Oo and
3lo/ao. It flows for another 485 kn in syria to its
confluence with the Euphrates at Bseira near Deir ez-Zor.
In syria its descent is much more gradual, ranging from
o.27o/oa to o.5o/oo. Near Ras al-Ayn the valley of the
Klrabur is 2 to 4 km wide, while south of Suwar it f,lows
across a desert plain. A number of tributaries enter the
Khabur from its left bank. Among these, the Djirdjib,
the Zergane, and the Jagh Jagh would be permanent streams
save for sunmer depletions of irrigation water. Others,
the Breibitch, the Jarrah, Khneizir, and the Rorrmelie
flow only during the height of the rainy season (e.9., in
1963 they had gone dry by July). The disposition of
these streams is shown on lv1aps 9.2 and 9.3.

A main feature of the eastern Jezirah is the Radd
Marsh formed by the uplift of the Jebel Sinjar in the
Iate Quaternary. This blocking of the south flowing
streams diverted them westward to the Jagh Jagh. Evapo-
transpiration in the Radd is so great, however, that only
in tirnes of flood does water find its way in any quantity
west to the Khabur.

9.1 Eydrogeology of the Eigh ilezirah

The High Jezirah is bounded structurally on the
north by the Mardin anticline and fault line. To the
south the anticline and uplift of the Jebe1 Abd eL-Aziz
disrupts the stratigraphic continuity of the region.
Within these lfunits are a series of south dipping strata
ranging in age from the Middle Cretaceous to the
Quaternary' and Pliocene. These beds are of great

lSee Tebte 9.3 and llap 9.1.
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importance for among thern are aquifers which provide the
overwhelming share of water found in the Khabur and its
tributaries (Figure 9.1) .

Four distinct assemblages of strata have been iden-
tified which constitute the major aquifers of the Jezirah
(Map 9.4 and Table 9.4).

1. Eoeene/oligocene Timestones and dolomitesz
these strata, where they are exposed to the north in
Turkey, sen e as the principal recharge area and sub-
sequently fotm the najor aquifer providing water for the
Ras a1-Ayn and other Syrian springs. They have numerous
open passageyays for direct flow as well as great fis-
sured storage capacity. It is estimated that, of the 2
billion cu m of water supplied to the catchment area in
turkey by precipitation each year, perhaps 400 Mcm
consist of runoff while the remaining 11600 Mcm recharges
this aquifer. The major exfluents of all this are the
Ras al-Ayn and the Ayn Aarus near TeI Abiad on the
Balilctr. Even more impressive are the subterranean
reserves, which account, for the steady and nearly unvary-
ing flow of these springs. A minimun of at least eight
times the annual volume of flow would account for such
regularity. The quality of the water thus delivered is
good, with some exceptions where sulphur content makes
them less acceptable for agriculture. Of the more than
ten springs making up the Ras al-Ayn, two are named Ayn
Kibrit (the Spring of the Mat,ch) indicating the presence
of sulphur.

2. Gyspiterous and calcareous rock of the l{iddle
and Upgnr ltliocene: less porous and perneable than the
strata described above, these beds have varying capac-
ities as aguifers with the best occurring where fissuring
due to tectonism has taken pIace. The exposure of these
beds largely near the Jebel Abd el-Aziz in an area of
greatly reduced precipitation also liurits both their
recharge capacity and the total amount of water which
they provide. A total flow of 2 to 3 cu m/s, of which 1
to 2 cu m/s surfaces as springs and the remainder as
evaporation, limits the effectiveness of this source.
Furthermore, karst solution in the g1T)sum makes the qual-
ity of the water highly variable.

3. ArgeTTites of the Pontico-Pliocene: while these
rocks are not entirely impermeable, they provide little
opportunity for storing large amounts of water. An es-
timated total flow of 0.5 cu m/s and poor guality charac-
terizes these waters.

4. Pliocene-Quaternary unconsolidated materialsz
these sands, sandstones, gravels, conglomerates, and
basalts have excellent porosity and permeability and,
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where either precipitation or infiltration from streams
is available, provide good stores of inmediately avail-
able groundwater for the upper saturated zone. These
fo:mations are of particular importance to the east and
southeast of Qamishli, where they acquire waters of the
Jagh Jagh, the Brebich-Jarrah, and the Roumelie and, in
turn, reLease large amounts into the Radd for subsequent
evaporation.

9.2 lurlrish-Eyrian thares of Kbabur traters

The above description of the Khabur basin provides
the basis for an analysis of how water is utilized within
the basin, both wheri it eomes from and where it goes2.
Obviously, the Khabur is an independent system receiving
no water from the Euphrates, but contributing to the
larger stream. Therefore, precipitation is considered to
be the sole source of water passing through the system.
The geologic structures mentioned previously preclude the
addition of underground waters from outside the topo-
graphic basin. On the other hand, the sub-systems of the
Khabur, each within its own smaller drainage area, €X-
change water both above and below the ground with ad-joining sub-basins.

The basic problem facing this analysis was two-fold:
t,o assign amounts of precipitation to the Turkish and
Syrian segiments of the system and to assign final values
regarding runoff in the same wdy, but also to take into
aceount differences in evapotranspiration and use from
one place to another.

Table 9.1 presents the first half of this task.
Sections of each sub-basin were carefully measured and
assigned to either Turkey or Syria. In turn, the precipi
itation falling on each area was calculated and weighted

l*tlte natry sosrces have been consul.ted during the an€tysis and rriting of the aateriats
presented here, one ebove at[ has provi{ed the necessEry background information. This is the
Etudes des reggotrces en eeux souterraines de ta Jezirah Svrienne prepared by the Food and
Agricuttur. Organization of the United llations in cooperation Hith the covernnent of
Syri6(30651. This udertaking covered the futt spectr(m of srrbject mstter fronr basic ctimato-
togy and geology to Lard use and agricutturat economics. Yhite nany of the dats usd r.ithin
it are of neccssity of short tirn span, the lrorkers exercised the utmst caution ard modesty
in making their.anat)6es. llr.rch of the mterial, hoxever, ras presented sotety in terms of
Syrian use of the area. ttrite this ras entirety naturat and proper, the fact that Turkey may

have rival clairm to sme of the rater resources invotved ras noted but scarcely taken into
considcration by the FAo tean. lt hss been necessary, therefore, to rer.ork sections of the
report in order to give a more inte.nstionat perspective to the questions invotved.
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according to north-south variations in annual amounts.
The last two columns on. the right of this table present
the caleulated amounts of precipitation in each subsystem
for each country. Such percentagies can then serve as a
means of weighting the amount of runoff from each
subsystem. (It should be noted that this table has an
internal means of balancing its values which may be
summed from top to botton. )

What becomes apparent nay at first seem somewhat
anomalous. That is, only 34 percent of the basin and 47
percent of the precipitation are found within Turkey.
Yet all the discussion to this point inplies that Turkey
is the predominant supplier of water to the system. This
can be explained and verified with reference to two
facts. Average precipitation in the pertinent portions
of Turkey is 506 rnm per year while that in the Syrian
portion is only 294 nm. Second, evapotranspiration is
significantly greater in Syria. In large tracts of the
latter country included in this analysis, even in the
raini.est month of the year, evapotranspiration exceeds
precipitation rrith no resulting surplus to runoff. In
those cases, where average precipitation figrures were
lacking, proportional estimates based on spatial distri-
butioni'weie irsed (Map I, Endpapers, rAo) Go8sl .

Table 9.2 provides a detailed analysis of water use
in each sub-basin. (It should be noted that sections of
the tributaries analyzed separately in Table 9.1 have
been aggregated in Table 9.2. Capital letters identify
such groupings. ) Because of the cornplexity of the data,
sub-basins shown on Map 9.5 have been stylized for clar-
ity on Map 9.5 and laid out schematically on Figure 9.2.

fn order to explain the analysis, the following de-
scription traces Row rratr from left to right. (The follow-
ing explanation may also be used with Figure 9.2.)

P

G-W
1

G-W
2

This provides the descriptive location of
the river segment referred to in Table
9. L.

F'AO data indicated that this area provided
7 cu m/s/yr to the system.

Of these 7 cu m/s, 2.5 infiltrated into
groundwater and/or aquifers.

At the same time, 2 cu m/s entered the
sub-basin from the Jagh Jagh between
Qanishli and Sfaya. This latter exchange
is between sub-systems and must be
accounted for separately.

F
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R Surface flow removed another 20
downstream.

cu m/a

S Another L cu n/s of spring flow also moved
downstream.

UF A similar sub-system exchange of underflow
in the river alluvia removes 1'5 cu D/E
into the Jagh Jagh between Qamishli and
Sfaya. There is an apparent two-way
exchange of underflow and groundwater in
this area. The end result is a net loss
of 0.5 cu m/s from the Jagh Jagh at this
point. (See G-W, above. )

E In this case no water is lost by evapo-m's transpiration from marshes or semi-marEhes
although in other sub-systems, such j.s the
case.

Irrigation removes 2 cu m/s/yr from the
system through evapotranspiration losses.

Er'

E.
I

Total Surnming the pluses and minuses balances
InrlOut this row'

R+E,+s The natural fTow of this sub-system ist eqpal to that from rivers and springs plus
what is lost through human activity.
(Sub-system exchanges are accounted for in
other subsections.) The amount of water
entering the Khabur from this sub-basin is
equal to 5 cu m/s/yr.

* from Since 100 percent of the precipitation--
Turkey i.e., the source of the above flow--has

been shown in Table 9.1 to have come from
Turkey, 5 cu m/s have been assigrned to
Turkey.

The conclusions reached by this accountingr show that
47.7 cu m/E of the natural flow of the Khabur and its
tributaries should be assigned to Turkey as surface run-
off or from aquifers whose catchments are in Turkey.
Another 9.8 cu m/s originate in Syria, making a totaL of
57.5 cu m/s natural fIow. In other words, 83 percent ot
the total fLoyr of the Khabur originates in Turkey; that
is 7r5Oo ltcm. Irrigation in Syria removes at least 4.5
cu mrls and probably much more of the total 9 cu m/s lost.
Evapotranspiration from marshes and semi-marshes repre-
sents another significant loss which will be considered
again in the summary section of the study. (Figure 9.3
further surnrrarizes these remarks. )
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If tre retr.lrn to the consid.erations posed at the
beginning of this sectionr w€ find a new perspective on
the use of water for irrigation in this segrment of the
Euphrates basin. while a detailed analysis of the Balikh
sub-system has not been possible because of lack of data,
it nay be assumed with considerable certainty that
sinilar amounts of water can be assigned to that portion
of Euphrates supply. Indications are that a similar
conclusion may be reached regarding the waters of the
Sajur to the west. This means that if roughly 80 per-
cent of the raters named above come in actual.ity trom
Turkey, that country, s contribution to the total
Euphrates systern--as demonstrated in Table 6.7--is 29r040
l{cn/yr out of an average of 29r450 tlcn/yr or 98.6
gnrcent I

This conclusion night be of little importance if it
were not for Turkeyrs plans to establish large-sca1e
pumping of the aguifers to the north of the Syrian
border. This may be off-set by the return flow from
Turkish fields which promises to be great. However, such
a return flow, as has been mentioned previously, night
well bring new problems of pollution to downstream areas.
This will also be considered in the next chapter.
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Table 9.3

Lclttds, ELEVATIO|S, ra pmctpttArtor
sYttl AE ?lrrE,

Locet ior

,la?clln

Siwr.t
C.tirrr.p
0iy.rb.ti r
Vl ?.na.lt i r
ILE.)Iin

/Onicht i
Urfr

oei3lrti
/xlJ3o/bin

l.t .t.lyn
/Ccyterpinrr

I.t ?Gr
il.stl.h
l.sr
ocir.r.Zor
Abs (aL

(hrlr
ia3tan h

Jerehrtur

E tcvrt i m
in nltorg

1 150

650

u0
677

575

500

5.7

167

350

335

300

e5t

200

17a

350

350

150

Arrut frig.
Precip. rn

yaar.!

Ie cAP t.cord

6t6 71a (19)
546 

'4! 
(4!)

5t0 .5tt (46)
6Et 6!t (a9)
537 :rO e?)qta €s (25)

Prriod of
Sacrva!iqr

FIO 0.rr

1930- 1960

1qto. 1959

r930. 1959

r930. r959
1910. t9r9
1954. t960

r930.1960

1952. t960

't9r7. r96t

r966.196t
!931.1960
r953. r960
r93r. 1960

1959. t960

1957.1960

r957.1960
r949.1960

652

45a

*?a

109

267

17aa

r(ta
looa

201

201

TJI

.m (66)

€5 (25)

333 (23)

sourcr: Flo(3065), ?rbte tIt.t, our(3061), r.u. Itt.t.
d fajtltcc b, ffo to rrltcct tqrg.tcrn projccticrs.



Table 9.4

s?ltrcs ff ?HE xt6x J€zttlfl

l,lorthartt

lor. rhtn t@ rpriagr; E t rith fte
t.tr rttln 0.002, cu n/t.

Lat.. qr.tity ir ucrttrnt.
rGp.rrtu?. trrr thra tEo C.
toicl.r t.tt th.a 0.5 tlrl. (.OOO5 gy'cu ,.)

t id- Crntr. t

lFrorirr.ty lt Dringr; iighty
vrrirbtt ft*.

Grc.g.d .rqr! tha J.i.t Abd At.Arit.
gatar qratity vri€; that ,ra

lirats!. ir good.
Trnpcrrture: 19o/Zaoc.
teridr: 2.7t264 gtl. (.a0271 .026 g/a, .)

F tor
L.l. fh.tutrrc 0.500 cr, i/!
Ayn Hol 0.300 cu r/r
Iet hbrrp 0.600 cs ilr
Ain Ai.r. o.OtO cu r/t
rr r.df. 0.030 cs r/r

taorlh Ccntrat

Fcr in nrbar.
U.t.r qJ.tity rpparcntty goo<t.

Ayn .t.oard
0-i3ht i

vcry stntt
Irinty in ?urlry

Ain Olvtr
l{arllJya
Srbt Slnrr
0lr 6ursc.n

tlortharn Fro6ti€r

Ayn .l.Ar.b
Ayn Stq
Am lrur
t!3 .t.Am

F tor
0.015 cu a/r
0.012 cu e/r
0.032 cu rVr
0.030 cu rvr

F tor
0.150 cu G/r

?

Sce bctor.
Scr labte 10.5.

Iaturrt Ftor,
(cs l/t)

Sorinq Surlrca

0rishti I 2
Aln Ars! 6 ,t

Attcr lrrig.ridr
Fl,ot (cu rvr)

SDrino Surfecc

lor2 Z

2 crt.

Iote t
F tor

(cu o/s)

3or(
z

Sourcc: FAo(3065), pp. tZ, 26.27,.rrd 195.

" Ayn Jibissa



Table 9.5

rHE t^S AL.ATI (SPIIXGS)

XerE

A. il.rtan (3osth)

lilitr.dc rn

345.3

Ftoy in cu fi/r

2.77

t.t6

6. t6
4.16
t.52
5. t5
6.35
3.rt
0.42

0.t.

lrtalul

t1t6;l&

zuua
t4tEt6€
21ttt&
13t.t8
11/Et6!
15tat8
zStt/&

uua

uE/e
9/E/&

3tEt&
EIEI&

t,lEl&
.tct&
9tEl&

H. t.f
l{a$.n
Jebb.r
Zrrgr
Kibri r. t

Xibrir-2

A. Xibrir (3qrrh) l4a.J

A. Z.rg. (ro.Jrh) 364.J

Ll.'tr2(Xorth) 144.5
Xr'lb.r 7 (Zerg. X.) StZ.5

lhr (hthrr liver
(t00 o dor,nttrcrn frqr tho fronticr)

344. 
'

Irrt of rprings: L.tt grlrtsh: ArkhuD

Zcrken

D janrc
gano3

?ho (hrh,r livcr
(night br.nch r.ptrcen o{ thc conltucnco)

21'6
zo.7

?hc Xhrhrr livor
(Laf t branch 350 n ,frtrcra of thc cmrtircrEa)

3t4.3 z'-t.L

20.8
Ih! fhrbur niv.r
(ootfittragtr frcri thc cqrf tucncc trc brxEh6.)

344.1

r.93

1,0.7

L1.6
61.0

light Bralrh:

l{ain 3tr.xr:

Sq6cc: FAO(3065). Fig. tt.7 qn labtc il.1.



CLaPter 10

Etatie and Dynamie Views
of the Euphrates River Eysteu

The analysis presented in the preceding chapters
allows a comprehensive view of the Euphrates system as
far as the Syrian-Irag border. The Tigris River has been
excluded from this study because it is scheduled for
development at a later date. This omission does not
preclude the necessity of taking the Tigris portions of
i5s 6apt3ost) into consiieration, 6ut to d5 so would doubre
the length of this study. Moreover, far fewer data are
readily available concerning that stream and its more
complex regine vis-a-vis the flow of the left bank
tributaries flowing from the Zagros lt[ountains. In the
same manner, for all the above reasons and also because
of the fact that the current political situation there
would again slow the analysis of conditions in that
country, this study touches upon the situation in Iraq
but does not eonsider it in great detail.

10.1 Constraints oa Dynamic t{odeling

A eaveat must be made regarding this analysis.
When, and if, the development plans of all three coun-
tries are in place and functioning, the fair and effi-
cient management of the river will be an exceedingly com-
plex operation, Each of the three riparian users intends
to utilize the river for both hydroelectric productJ-on
and for irrigation. Even within the boundaries of a
single user, balancing these needs is no small task. For
example, Raif Ozenci, the local deputy managrer of the
General Directorate of State Water Works (Dev1et Su
rslerirzDSI) at the Ataturk Dam site, points out in a
recent intenriew (Turkish DaiTy llenrs, 2 Oci'. L986{1821)1
that while the Ataturk Dam is designed to produce 8.9
billion kl{h annua1ly, electric production will be reduced
to 8.1 billion kWhrzyr when the proposed irrigation pro-
jects come on }ine. Furthernore, a significant quantity
of the power produced will be used locally for pumping
water to project fields. These demands will have to be
balanced against upstream hydroelectric production at
Karakaya and Keban and similar production plus removals
for irrigation downstrean at Birecik and Karkamis.

operating in counterpoint to all such variations



2 StatJc and Dynamic Views

w111 be the changes in natural stream flow tied to cli-
matic variations. Moreover, beyond the initial dead-
water storage filling of reserrroirs, there will be annual
fluctuations induced by human needs. The question
remains: should water be reserved for uninterrupted
hydroelectric production or released both for irrigation
purposes and to insure reservoir capacity in the event of
unexpected flood conditions?

Table L0.1 illustrates the intricacies of such ques-
tions in terms of a situation which has already taken
p1ace. Average monthly flow of the Euphrates at Keban is
shown in the left-hand column. This varies from a oiX-
irnun in April of 5,t27 Mcm to a minimum of 562 Mcm in
September. Making the impractical and politically un-
reltistic assumption that aJ,l, the flow of the stream will
be held back until the reservoir is fi}}ed, considerable
variation in the length of time necessary to reach total
reservoir capacity oceurs depending upon the month of the
year in which filling begins. If the gates are closed in
March or April, capacity will be reached in May or June
of the following year. If the gates were to be closed in
June, capaeity would not be reached until early in April
23 months Later.

The reason for this is whether or not spring floods
can be retained at optimum times. An interesting situ-
ation developed along these lines in L986 when the reser-
voir behind the Karakaya Dam began to be filled in June
of that year. Obviously, all the water in the river
cannot be withheld from downstream users in these cases,
but the two confrontations between Iraq and Syria over
shortages in the flow of the river which have already
been mentioned indicate the delicacy of such timing. In
a similar vein, year to year variations in flow resulting
from clinatic changes can create difficult situations as
shown by Figrure 5.2r.

Table Lo.2 represents a further complication in
river management resulting from monthly variation in
evaporation rates from reservoir surfaces. Such evapora-
tion is in turn a function of the size of the surface
involved. Since reservoirs will be changing volume and
surface area depending upon natural conditions and human
demands, evaporation losses vary considerably. For exam-
ple, given a maximum volume of 301500 Mcm in the Keban

lln the sanre intervier cited above, 0zenci atso is cited as saying that "...it ras hoped

the year-long process of fitting the take (i.e, At6turk Reservoir) routd start in ttte 1988.t1

(Jurkish Daitv,]lers, 2 October, 1985(1821), p. 3.) lt is to be hoped that more than ono year

ritt be used in reality for this task.
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reserrroir, its surface area would be 675 6q kn with
evaporation losses per year of approxinately 1rO00 Mcm.
If the mi.niur.ru operating level were maintained, volume
would be 9r5OO Mcm with a surface area of 260 sq lq and
an annual loss of 390 !tcm/yr. It can sat"ely be assumed
that voLume and surface area will vary throughout each
year and that, therefore, evaporation losses will follow
such changes as well as reflecting annual conditions of
tenperature, wind turbulence, hunidity, uloud cover, etc.

The above considerations dictate the ultinate ne-
cessity of a dynanic nodel of the river, but also pre-
clude such an attempt given the linited resources and
time allowed for this study. one suggestion is that
LANDSAT or other imagery made available on an ongoing
basis could provide surface areas of both large and smaLl
resenroirs. These, in turn, could be translated into
volumes and flow and evaporation rates. once such an
analytical system were in place, river management and
sunreillance would become considerably simpler.

LA.2 I Statia ltodel of the Euphrates
River aad Lts Uses

Given the above considerations, what remains poss-
ible is a static model or picture of the river with ap-
proximations of demands for several time periods and
using average data which have been discussed in previous
chapters.

A further clarification becomes necessary regarding
the variation shown in the approach to the Turkish and
Syrian sections of the Euphrates. Successful development
must take account of a riverine-irrigation and economic-
political-social conditions. Technologry can mean dams
and resenroirs, delivery systems, and the application of
water to soil. Eeonomic, political, and social condi-
tions concern suffj.cient funding, agreements between
usiers and between users and suppliers, and the appropri-
ateness of the fit between that which is technologically
available and the society which will use or reject it.

fn the Turkish case, the ability of the Turks to
provide dams and resenroirs has been clearly shown by the
time of this writing. Although technological diffi-
culties renain, e.9., the conpletion of the Urfa tunnels,
there seems little reason to suppose that given time and
money they will not be overcome. As just indicated, the
creation of delivery systems remains to be proven, but
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again, this
same token,
promises to
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seems possible, all else being equal. By the
the application of the water to the soil

becone reality.
As nill be described in the final chapter of this

study, irrigated agriculture is already underway from
underground sources in the Harran Plain and near
Ceylanpinar. Moreover, the class I and II soils upon
which the butk of Turkish GAP development depends are
suitable for irrj.gation. Therefore, from a technological
point of veiw, the GAP sub-projects discussed in this
study and further to be examined in this chapter should
all be realizable--if time, money, and politics and
society allow.

on the other hand, the developnent of irrigation i.n
Syria appears to hinge upon the quality of the soils to
be irrigated, as well as on problems associated with
delivery systems dependent upon those soils. In fact,
few people displaced by reserrroir flooding have been
resettled, and, as will be seen, glowing projections of
large tracts soon to be irrigated have steadily been
dininishing in size. Moreover, there is considerable
confusion as to just how much land can be irrigated. It
seems that, because of glpsiferous soils, what is
actually happening is that private irrigation of Valley
soils is slowly giving way to centralty controlled irri-
gation of the same plots with little new upland soil
being brought into production. (The one exception to
this may be the projects along the upper Khabur about
which more will be said.)

This is not to say that the Syrian effort is without
econoruic, social, and political problems, but rather
that, in the area of technical feasability, significant
differences appear when comparing the two nationsr
proj ects.

Thus the following attenpt to guantify the amount of
land and uater ultinateJ.y to be used by the Turks and the
Syrians makes two assumptions based upon the tech-
nological aspects of the situation: first, that the
areas designated by the Turks for irrigation can and will
receive water at some future date and, second, that
initial Syrian proposals have been and will be seriously
reduced in size for the reasons stated above.

The conpilation shown in Tab1e 10.4 begins with the
original amounts ci.ted by both the Turks and the Syrians.
In the latter case, however, Chapter 11 considers what
may ultinately be expected of the Syrian development
program, something considerably less than their initial
proposals. Figure 13.8, showing the inrpact of water
removals from the river over time, presents the original
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Turkish estimates throughout, but provides for considera-
tion several leve1s of removal from the Syrian section of
the river.

e Word on the Values tlsed in the Computations.
?sithout detailed on-site measurements of a number of
variables, the values used in computing evaporation,
evapotranspiration, irrigation water needs, conveyance
and farm efficiency, and return flow and water quality
must be based on available data and intelligent estimates
of conditions. Evapotranspiration and irrigation water
needs have been discussed at length in previous chapters
of this book. Evaporation from reserrroir surfaces has
been computed using values provided by a1-Hadit61(3067) '
these faIl within the expected range

Return flow values shown in Appendix A, while fa1-
ling within a relatively narrow range, have presented
some difficulty in naking a final choice for this anal-
ysis. A round figure of 35 percent has been chosen.
This is perhaps generous, and Table 10.3 shows the conse-
quences of ehoosing a more conservative 30 percent and 25
percent for selected cases. On the one hand, this rela-
tively high return flow (RF) value gives the benefit of
the doubt to upstream users that much of what they remove
will find its way to downstream riparians. On the other
hand, considering the very large volumes of water
involved upstream, RF nay present serious problems of
flooding, water-logging and/or pollution to downstream
users. These are uatters that should be resolved first
by on-the-spot experts and then through negotiations
regardingr removal and use rates.

Conveyance and on-farm efficiency and thej.r corol-
Iary, water loss, are discussed in Appendix A. For this
sunmary, water lost to the system has been computed in
the following manner. frrigation water needs (i.e., the
amount of water needed for optimum crop production less
the amounts of water provided naturally by effective
rainf fall and soil moisture recovery), based on Thornth-
waiters method of computation, have been used as the base
value. (As mentioned earlier, while the B1aney-Criddle
nethod gives a closer and usuaTTy hiqher value, data con-
straints Limited this analysis to the use of Thornth-
waite. The values given herein may be considered as min-
inal for the above reason and also because all such
methods assume exact and rational application of water,
something urrlikely under the best of circumstances.)

Given such a value for a specific location, it has
been assumed that 2.5 times that amount of water per unit
area must be removed from river or reservoir in order to
meet all other losses and demands and to satisfy the
plants. Dunne and Leopsl6(305e) (p. L62't suggest aoufting
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the amount of water needed as a rule of thunb compensat-
lng trnonproductivert uses2. This value, however, is
thought -to be too low giveur the condj,tions anticipated
throighout the cAP reiion3. The inexperience of the
usersi, the extreme length and complexity of the canal
delivery system, and perhaps even the inequalities in
land ownership found within the area dictate less effici-
ency of water use.

Given the above, the following relationships are
made:

Total water rernoved from reserrroir or river = 2.5
(evapotranspiration less natural water supply durLng
growing season).

Return Flow = 0.35 (total water removed).

Water loss (i.e., nonproductive use) = Total water
removed less return flow, less water needed to
supply irrigation deficit.
System depletion (i.e. total unreturned for aLl
purposes) = water loss plus water needed for
irrigation.

10.3 Ehe Use of the Eupbrates in Turkey

Map 10.1 and Map 10.2 show the Euphrates River sys-
tern in Turkey in its entirety. Table 10.4 traces devel-
opments along the river from its headwaters to its
debouehement into Syria, ds well as related irrigation
projeets on streams which flow first into Syria before
joining the Euphrates. (In the case of the Balik River
west of Karkanj.s, this stream, while not part of the
Euphrates drainage system, is shown because of its
involvement in the supply of water to the A1eppo area
downstrean.) The numerous minor projects detailed in
Table 1O.4 are summarized for five sections of the river
in Table 10.5. Irrigation areas are shown on Map 10.3
and resersroirs on Map 10.4.

The Keban Dam and resenroir and the smaller projects

zA corptete discr.rssion of this S.restion and rel,ated matters is found in: U. S. Deptsrt-
of AgricutturG, Irrioatiofi uater ncaJirementg(3065), p. 88.

l,r,i"*.,ioffiionsnadeinsouthIesternTurkeybythisauthor.
(see (otrs(3061 ): @r;farn tlater l,lanagemn! in AeEean Turkev.)
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upstream from that site were anong the first developments
to be completed on the Turkish Euphrates. Irrigated
fields, while developed at an early stage in this area,
are of relatively litt1e importance compared to the
hydroeLectric power plants (HEPP) found here. At this
writing, approximately 35rOOO hectares are under irriga-
tion uith perhaps 58r23L hectares scheduled for about the
the year 2000. At that tiure, depletion of river flow,
after Return Flow has taken place, will be 11431 Mcm.

Downstream from the Keban as far as the Karakaya Dam
iE a second section of the developments scheduled by
Turkey. At the present tine, there is apparently no
irrigated famland, but by the year 2000 about 42 .OOO
hectares are scheduled. As noted earlier, the Karakaya
reserrroir began filling in June 1985. I{hen fulL, that
reserrroir may lose as much as 435 Mcm of water from
evaporation annually. By the year 2000, total depletion
of river water for this section should be about 782 ![cm.

The area between the Karakaya and the Ataturk Daus
is by far the most complex and ambitious part of the
Southeast Anatolia Development Project (SEAP, Guneydogu
Anadolu Projesi/cAP). When fully completed after the
year 20o0--and if stated cAP goals are met--370r911 hec-
tares will drain into the Euphrates above the Ataturk
Dam. Of this amount, 22!r5LL hectares will enter from
projects on the right bank (Cat, Adiyaman/Kahta) and the
remainder (150r400 hectares) from the Siverek-Hilvan area
on the left bank. (It should be noted that this area,
though upstream from the Ataturk Dam, is considered as
part of the Lower Euphrates project described be1ow.)

The Lower Euphrates Project, which is the core of
the GAP, is based upon the Ataturk Dam and its vast
reserryoir. Eight different irrigation projects totalling
1r148,51-1 hectares are projected for completion sometine
after the year 2000. A tentative schedule of when these
are expected to come on line is found at the bottom of
Table 10.4 and a more detailed account in Table 11.3 and
Figure 11. 1.

fn addition to the 37Ot911 hectares in the above
paragraph, 777,6A0 hectares will be irrigated on the
southern slopes of the Anti-Taurus Mountains and the
plains stretching to the Syrian border. Of this large
area, runoff from 378r800 hectares will reach the
Culap/Balikh system and that from 399,800 hectares will
flow into 'the Khabur by way of its many northern
tributaries (Tab1e 10.5). At its fullest, the Ataturk
may lose as much as L,47O Mcm annually to evaporation,
and, sometime after the year 2000, depletion of the river
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from evaporation, water loss, and evapotranspiration
night reach the astonishing amount of 131437 Mcn aLong
this section of the stream.

(At this point it seems necessary to pause and em-
phasize the care rith which these figures have been es-
timated and also to point out that these values represent
a complete realization of the projectts many featuresr Bn
eventuality that Eeems less likely to happen as the nag-
nitude of the venture becomes apparent. )

this depletion will be paralleled by a return flow
of 6 r46L Mcm, of which roughly one third will return to
the resenroir and the remaining 4,573 Mcn will flow into
the Balikh and Khabur systems in Syria.

Downstream from the Ataturk Dam is found the
Euphrates Border froject. This includes the Birecik and
Karkamis Dams, both of which are intended to generate
large amounts of electricity. In addition to hydropower,
1011573 hectares are scheduled for irrigation largely
from Lake Birecik and the Araban, Hancagiz, and Kayacik
reserrroirs. Return flow in this case will be about 583
Mcm and total depletion for this section, by the year
2000, about 541 Mcm rising to 11257 Mcm sometime after
that.

In sum, these anbitious plans foresee a region shich
sometime after the year 2000 will have 11350,243 hectares
of irrigated land. Return flow from that land will total
?,4O9 Mcm. In the near future--within the next four
years--non-recoverable water loss (including some evapot
transpiration) will reach L,976 Mcm/yr. If all goes
according to schedule and to p1an, this figure should
junp to 9,966 Mcn by L995. By the year 2OOO it nay reach
L2 ,482 Mcur/yr and sometine after that date night even
soar to 161908 Mcm. The issue is whether or not this ispossible, either technologically,
politically.

ecologically, or

10. a Thc tlge of the Eupbrates Ln Syria

Less detail will be given at this point, because
mueh of what is summarized in Part II of Table 1O.4 has
been covered in chapters I and 9. One further item will
be examined at length, that is, the relationship between
the gyrian Jezirah and the Mardin-Ceylanpinar portions of
6aprt5081).
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Moving downstream in Syria from the Turkish border,
the f,irst withdrawal of water will be on the Syrian por-
tion of the Sajur uhieh enters from the right bank.
Little is known about this project, and in any event its
nagmitude cannot be great.

Next will be the proposed Tishreen Dam, which will
create a lake with a vlluine of 1,300 14sn(3715i and an area
escrmated to be about 70 sq kn with evaporation Loss of
157.5 ilcn/yr. Iqraediately downstream, Lake Assad and the
Aleppo diversion will remove another L,57o Mcm and 80.2
Itcm annua}ly. Lake Assad will also serve five of the six
originally proposed irrigation districts. (Rasafah, Area
4, already has been abandoned.) Depletions from these
various projects are shown on Table 10,4, Part fI.
Another damr' the 64 I.{w Baath, 25 kn downstream from
Tabqa, $ras completed in L985 (Tab1e 8.4). Because of the
importance of the Khabur and its development projects it
will be treated next as a separate element of this study.

Before that, note should be taken of developnents in
both Syria and Trrrkey on the Balikhr/Culap and its
tributaries. Table 10.8 lists the Turkish projects which
will be found in the upper basin of the Ba1ikh (i.e. the
Culap). While irrigation of such magnitude (378,8OO
hectares) would totally dry up any local sources many
times over, the najor problem facing the lower BaLikh in
the years ahead would appear to be the problem of
managing the return flow which night reach 2rL25 Mcm/yr.
Reference is again made to the difficulty in naking such
estimates and to the variation in quantities depending
upon the values chosen (as demonstrated in Table 10.3).
Nevertheless, this becomes a major factor in the rational
planning of future river use.

Anticipating what will be discussed regarding the
Khabur, a maximum estimate shows that Syrian activities
will reduce. Euphrates flow by 2,LOO Mcrn by 1990, by
31500 Mcm, perhaps, in an additional five years; and, by
the year 2000, may be in a position to either take (or
lose through evaporation from rese:rroir surfaces) a total
of L2,10O Mcm annually. As in the Turkish case, reality
must rest in a lesser f.igure of which more is said in
Chapter 11.

10.5 I Critical Pressure Poiat:
Ras al-lya lrea

Tbe Ceylanpiaar/

The sources of the Khabur River are shown in Map
9.1. The najor perennial source of this stream is a
giant spring, the Ras al-Ayn, at the town of the same
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name inmediately across the border from Ceylanpinar,
Turkey. Ebis perennial. spring, which in reality consists
of a nr@er ef outlets (Table 9.4), is one of the largest
in the vorld. Additional water is added to the river by
seasonal surface flows from Turkey in the late winter and
early spring (Figure lo.L). other smaller streams also
contribute lesser amounds of water to the Khabur. These
coae from a conbination of smaller springs and seasonaL
runoff. Tu the east the Jagh Jagh flows from Turkey into
Syria as a perennial stream. Farther east and somewhat
south is a large marsh, the Radd, which impounds
significant quantities of water, much of which is lost
through evapotranspiration. The other streams are
seasonal in character.

The perennial flow of these streams, with few
exceptions, stops just south of the Turkish border. This
is the result of a diplornatic and technological
coincidence. When the extension of the so-caIled
Ber1in-to-Baghdad Railroad was constructed across this
territory, the tracks were located far enough up each
stream to avoid the expensive bridging of year-round
stream flow. Subsequently, when the Turkish-Syrian
border was drawn following World War I, the railroad was
included in Turkish teriitory, but so close does the
border come to the tracks that in many places one
actually steps out of the south side of the train onto
Syrian soil. An unforeseen result of all this was that,
while the perennial streams and springs feeding the
Khabur are in Syrian territory, a large portion of the
catchments and aguifers for such springs and streams are
located under Turkish administration.

The Ras at-Ayn spring flows at a nearly invarying
rate of 35 cu n to 40 cu m/s. (It should be noted that
the figure rr4orr in this case represents a real estimated
value and not the Middle Eastern ttfortyrr.) Figure LO.2
shows this base flow for the Khabur downstream near Suwar
and is plotted as a more conservative 37 cu a/sec.
Winter and spring rains create surface runoff, which
begins in January and peaks sometime in April. Spring
floods would thus provide an important part of the
reserrroir storage planned for Syria on the Khabur. At
the same time, base flow represents a significant part of
the system. The karstic waters of the Ras a1-Ayn derive
from the aguifer which is located largely across the
Turkish border to the north. One account of this
recharge area describes it as rr7r500 sg kmrr (tN Report
No. 960601y, although estimates made for tlie present
study (Table 9.1) are somewhat larger: 10,O25 sq km.
Water bearing strata dip southward from Turkey into
Syri.a, reaching the surface at Ras AI-Ayn and producing
enough head for natural or artesian flow of the waters.
Turkish suriveys list two areas of underground water
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availability in the Mardin-Ceylanpinar district: that
surrounding- Ceylanpinar and another near Mardin-
Kiziltepe. - The Latter is reJ-atively insignificant, hav-
ing an - estimated 13 Mcrn/yr of water recharger - bo! the
former is said to contain a rechargeable supglY of 852
Mcrn/yr available for puurping (GAP, L980 (5uor' , page
III-ro). Figure 10.2 indicates that, if all recharge of
the nai al-Ayn spring lf,ere to cease, the spring wouLd
exhaust its itoreri supply of water in approxinately four
years (graph line 9) , although the invarying -rate of
lpring flow suggests a much larger fund of stored water.

Two main soutrces of water ultimately provide for the
Mardin-Ceylanpinar/Ras aI-Ayn-Jezireh combined region.
These arE precipitation over the watershed which occurs
in the winler and early spring and which declines from
1,305 mn/yr at Lice in -the-north to 333 nn/yr at
ciylanpinai and to less than 2oo mn/yr at Deir ez-%or
(Ulp g.r). This both provides surface runoff and
recLarges the underlying aquifers. A second Eource of
water will be that brought into the region from the
Ataturk Reservoir. While ifris waterrs ultimate source is
precipitation farther up the Euphrates River, it is
lssumLd here that such supplies can and will be provided
as needed and will be independent of loca1 variation in
precipitation at Ceylanpinar.

Seasonal runoff will be partially stored in Loca1
resenroirs such as those at Mardin, Aride and Derik.
Another part will flow downstream into Syria, ES is shown
in FigurL 10.L, ds the peak spring flow. Evaporation
from these resenroirs will represent a net loss from the
system; seepage from them into the aguifer will help to
recharge losses from planned pumping. Locally stored
waters, ." well as water from the main canals leading
from the Ataturk Reservoir, will irrigate fields. Addi-
tional fields will be served by water pumped from the
loca1 aguifer. Evapotranspiration from fields will
represenf a net loss to the system. Infiltration will
partially recharge the aguifer and, in addition, consid-
Lrable quantities of runoff will move downstream into
Syria. In the latter country, plans are underr,ray to
irrigate as much as L37,900 hectares of land in the uPper
Khabur basin. The complexity of this situation is such
that reference is made at this point to Figures 10.3 and
10.4, which diagram those parts of the overall Khabur/
Habur system which are qluantifiable. (The folJ.owing
numbered statements refer to corresponding numbers on
Figure 10.3.)

1. Precipitation is estirnated as the averagie for
the Ceylanpinar-Mardin region tiures the area of
the catchment
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2. The yearly fund of water from the Ceylanpinar
. aguifer is-found in 6apt308l) rr-5.

3. The Mardin-Kiziltepe fund (GAP6ost) II-5).
4. Water use from pumpage is based on GAP plans to

irrigate 60rooo hectares in the innediate
vicinity of the State FaL'm at Ceylanpinar.
This amount is computed as: 60,000 hectares
times 111489 cu m water need per hectare (as
shown in Table 7.4) and equals 589.3 Meat/yr.

5. Remaining flow towards Syria does not take
infiltration from fields into account and
represents the Ceylanpinar fund less the amount
punped.

6. Evaporation from reservoirs will be an overalL
withdrawal from the Euphrates system but nay be
replaced locally from the Ataturk Reserrroir
aecording to need.

7. Areas of
*41 .

fields receiving pumped water (see

8. Area of fields receiving water from the Urfa
Canal: l-40, 000 hectares (Table 10.5) .

9. Area total: note 7 plus note 8.

10. Water Need is that portion of evapotranspira-
tion net by irrigation water supplied by canals
or p'rnping. Natural evapotranspiration and
evaporation also represent withdrawals from
original precipitation. A value of LL,489 cu m
per hectare (Table 7.4) may be considered as a
conservative va1ue.

11. No infiltration value has been calculated for
this diagram,

L2. Based on a downstream flow in Syria from this
area (exclusive of spring flow) of 4.5 cu m/s
(Table 9.2, .

13. Return flow based on 35 percent of water
withdrawn for irrigation times 2OO,000 hectares
(i.e. 2001000 times LL,489 = 2297.8 Mem tines
O.35 = 804.2 Mcm RF.)

Sun:nary: the overall picture given by this diagram
is that punping wiLl reduce the aguifer fund by about
four-fifths of its annual recharge increment or about 57percent of the annual flow of the Ras al-Ayn. Return
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flow will provide 804 Mcm/yr, leaving a positive incre-
ment of 114.7 l{a/yr or an overall flow of 956.7 Mcm on
the western (Khabur) portion of the Khabur system. I{hile
this may seem a positive factor in the picture presented,
water quality of the return flow is also important,
because the open channels of the karstic aquiferr 6s well
as surface streams, will serve as poor filters compared
to sandy strata. It must also be remembered that, while
the Khabur may actually gain water, all of the depletion
occurring in this sub-region of the Euphrates Basin ulti-
nately reduces downstream flow into lraq.

Surface and spring water for the Jagh Jaghr/Radd
tributaries to the east are shown in Figure 9.3 along
with down stream uses of the Ras a1-Ayn/Khabur western
tributaries. Precipitation is estimated to add 851 Mcm
to the eastern area of the Jezirah in Syria. Of all the
eastern tributaries only the Jagh Jagh has perennial
fIow, and some of the water of this stream has been used
in Turkey above Nusaybin for at least a guarter of a
century. Downstream in Syria there is an average flow of
205 Mcm/yr, a relatively small amount compared to the
flow of the Khabur to the west. Part of these waters
flow directly into the system vj.a the Jagh Jagh; the
remainder are filtered through the Radd Marshes where
some 425 Mcnzyr are lost to evapotranspiration (Tabl,e
9.2). Tota} irrigation water needs for the 137r900
hectares of fields in the entire Khabur system would
egual some 11686 l,Icn/yr (L2,226 cu m per hectare), almost
the amount of the Khaburrs average annual flow.

Also at issue at this point is the question of
return flow into the eastern tributaries of the Khabursystem. Depletion of the existing systerns there j.s Lessof a question than the one raised concerning the Ras
al-Ayn aquifer. On the other handr ds much as 258,BOO
hectares of additional irrigation may be implemented in
the eastern portions of the Mardin-Ceylanpinar region.Return flow from these fields would be--at 35 percent of
the total water involved--t,538 Mcrn/yr. If this were
actually to take pIace, the entire ecology of the
downstream area night be drastically altered. I{oreover
the question of water quality addressed in section 1O.z
is again a major issue. Water loss from the reser:voirs
planned along the Ktrabur is estimated to approach 333
Mcm/yr.

Analysis of these data indicates that water loss, etsstated, will possibly exceed the annual flow of the
Khabur, particularly if evaporation losses from reser-voirs take place. Groundwater can supply some of the
needed water as long as this source is not seriously
depleted in the Turkish catchment area. On the other
hand, a significant amount of return flow should find its
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way downstream from Turkey. If this water is of suitabLe
quality, the irnmediate crisis of competition for a
linited resource may be averted, but only at an ultimate
downstream cost through diminution of the total system
beginning back at Lake Ataturk. The system closes upon
itself at Deir ez-Zor. Downstream returns via the Ktrabur
and Balikh are sinply upstream removals less evapotrans-
piration and evaporation and system inefficiency losses.
The overall result will likely be a decreose of flow and
inereaEes in impurities.

10.6 rNatural Flowtr of the Euphrates

Perhaps the most difficult task of an analysis such
as this is attempting to learn what the trnatural flowrr of
a river is when so many humans are manipulating it,
measuring it, and using its waters. All such activities
take place against a constantly changing natural history
of climatic variation. rn the case of the Euphrates only
the broadest estimates can be nade regarding what amount
of water the river would have in it if people would leave
it alone.

The true natural volume of flow in a river shou}d
egual whatever reasonable measured flow can be Learned
plus some estimate of the upstream uses and/or nonproduc-
tive losses.

Table 3.2L lists "frrigated Land Use in CAP
Provinces.tt Of the provinces listed, two will effect the
Ba1ikh and Khabur drainage systems through removals for
irrigation.

Mardin Khabur system 22,256 hectares irrigated
Sanliurfa Ba1ikh system 33,694 hectares irrigated
Two more may have irrigated lands which either

remove water from the mainstream of the Euphrates or deny
water to the mainstream by removing guantities from its
tributaries.

Adiyaman
Gaziantep

This 
.m5.ght 

account

LL,LO2 hectares irrigated!
LA'tg37 hectares irri[ated5

for a total of 8Lr989 hectares

410 percent
53J p"r""nt

extracted for
extractd for

exterior drainage.
exterior drainage.
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worth of water removed from the system. At an average of
IOrOOO cu m per hectare (i.e. L cu m/sq m), a figure
well within the range used in this study, this would
depLete the system by 820 Mcm/yr. [HowevLr, the cApt308l)
prospectus details only 58r3O9 hectares of irrigated
land, using 583 Ylcm/yr, in 1980 (Table 10.6) . This
approximates the amount of irrS.gated land in Mardin and
Sanliurfa provinces. l

Syria has losses of 11570 Mcur/yr from Lake Assad,
plus those from another estimated 241,000 hectares of
irrigated land (see section 8.6: Irrigation in Syria) of
which 1001000 hectares may have been added in the years
since L973. This would give a possible depletion of
2r10O Mcn/yr (based on 140,00O hectares, a proportion of
the depletion shown in Table 8.8 for 24Lr000 hectares.)

Returning to the conclusions of Chapter 5, analysis
entitled fiAverage Annual Discharge of the Euphrates
Riverrrt we night take the 28,4OO licm/yr discharge at Hit,
Iraq, and add to it those portions of the above estimates
which falL within the calendar range of the obsenrations,
That is, evaporation from Lqke Assad is not an issue when
considering a1-Hadithirs(3057) average value, for the lake
had not yet been formed at the time his obsenrations were
made. Even using the 140,000 hectares of irrigated land
in the Syrian Euphrates basin is suspect, for there is
strong evidence that most of that irrigation began no
earlier than the mid-1950s. We therefore must use flow
data covering only the tine since that date or 29r8OO
Mcmr/yr (Table 5.8) (i.e. through 1,973). By the sane
token we must stretch our analysis to add an increment
for Turkey of 82O Vlcm/yr, although for want of clearer
data this will be done.

The end result of all such speculations is:
29 .SOO Ylcm/yr
2,LOO Ylcm/yr

820 Mcur./vr
32,720 Mcm/yr

Hit, Iraq
Syria
Turkey

This figrure is close to the 33,590 Yhcm/yr quoted by
clawson et f,1. {3088) from Hathaway, 

'Adams an& iryae i;
1965. ?heir discussion is given in fuI} in Appendix B.
A further check of these figures is provided by datagiven in the 1983 Statistical Bulletin with Maps of the
fgltcacot (Tab1e 5-1, p.26) .

Carefuf estirnations of the precipitation and annual
runoff uithin the Euphrates drainage basin indicate that
331480 Mcnlyr of runoff is available from that area. By
their map definition, this includes the flows of the
headwaters of the Balikh, Khabur, and Jagh Jagh rivers in
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Syria, ds sell as the mainstream of the Euphrates. It
has been argued that the above streams contribute 7
percent of the total flow of the Euphrates entering Iraq
as measured at Hit (Chapter 6, Tab1e 6.1). It has
further been argued that, of this amount, approximately
80 percent originates in Turkey (Chapter 9, Tables 9.1
and 9.2). In other wordsr dD additional 5.5 percent of
the total originates in Turkey or all but 1.4 percent of
the water entering Iraq (see Chapter 9). This means that
an additional 48o llcm/yr should be added to the DSI
figure to obtain the total runoff reaching fraq or a
total of 33 t96o Mcmr/yr.

If these three approximations are averaged:

DSr 33,960
Kolars/Mitchell 32,720
Hathaway, et al 33,690

100,370/3 = 33,457 Vhcm/yr

t.e may arrive at a reasonable average figure wlthin a
reasonable range of choices for the natural flow of the
river.

7.O.7 Sedineatatioa aad tlater Quall.ty

There remains the question of the guality of the
water which flows both now and in the future along the
length of the Euphrates River. Generally speaking, tur-
bidity or suspended solid load increases with volume,
while salinity (dissolved load of cations and anions)
increases with diminishing volume. Thus, before consid-
ering these elements of waf,er quality, it-is necessary to
discuss the range of volume of water carried by the
Euphrates between extreme flood peaks and extreme low
water.

Figure 10.5 shows the variation in mean nonthly flow
of the Euphrates at Hit, Iraq, for the 49 year period
1924-L925/L972-L973, as recorded in Table 10.1. The DEX-
irnum nonthly flow, which occurred in May 1969, was 51460
cu m/s. The extreme nonthly low nrater, which occurred in
Augrust 1961, was 94 cu m/s. The average annual flow f,or
the 49 year period was 9O2 cu n/s. Momentary peak and
minimun flows do not coincide with extreme nonthly and
yearly aver.ages. Table L0.8 shows the momentary high and
low water values for the above period of time. In 1969
an absolute momentary high value of 7 1390 cu m/s hras
reached (nonth unspecified), and in 1-973 an extreme
momentary low value of 81 cu m/s occurred. (Note that,
in the latter case, the low monthly average was in 195L,
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not 1973. ) Dunne and Leopold suggest that uomentary
disclrarges be used for computing the frequency of hiqh
and low water and the return probabilities of such
eventsGosg).

Figure 10.6 shows the freguency of momentary uaximun
high water on the Euphrates River. This graph has been
prepare4 uging al-Hadithits data and Gumbelrs tech-
irigile(305e)(3057). 

- Extrapolations from this graph should be
considered approximate. Nevertheless, by using this, it
is possible to obtain an idea of the freguency of flood-
ing on the river assuming that the future record wiLl
remain tlpical of the streamrs hydrological past. Thus a
fLood of the nagmitude of that occurring in 1969 will
ocbur, on the averaqte, every 51 years with about 98 per-
cent of all highwater occurrances being less in volume.
A maxi.mum flow of 3,525 cu m/s will occur about every tno
years, while maximum high water of at -Ieast 41600 cu m/s
will take place every four years and will be exceeded in
volume approximately 25 percent of the time.

Figure 10.7 shows the recurrence intenral of low
water conditions. Minimunr flows of 8L cu m/s or less
will occur with a freguency of about 2 percent. On the
other hand, low water conditions of 250 cu m/s or less
will take place 5O percent of the time, that is, about
once every two years.

Very few data concerning the suspended load of the
Euphrates River are available for this analysis. The
river has been described traditionally as extremely
turbid during high water periods. A1-Ha6-1g51Goez) statesl
rrThe average sediment load of the Euphrates River at IIit
is about 2 kg/cu mr[ but he does not specify how this
figure was reached. He also cites an extreme load of 10
kglcu n and a low of from 0.1 to O.5 kg/cu m. He also
indicates that Soviet engineers measured the suspended
load rrnear Deir ez-Zottt sometime prior to L97L and esti-
mated the annual load as 55 million tonnes per year.
Figure 10.8 uses Soviet data given in a1-Hadithi for the
river at Deir ez-Zor. The direct relationship between
the amount transported and the volume of discharge is
clearly evident.

ft is necessary to point out here that much of this
discussion has become moot with the building of the
Keban, Karakaya and Thawra/Tabqa dams on the river. Each
of the reselrroirs created by these dams nohr setr/es as a
settling bdsin, and, with the addition of still more dams
and resenroirs, the river will become less and less
turbid. Nor yill early estimates of the life of
reserrroirs remain valid, for the addition of each new
settling basin will change and lengthen the life span of
those farther downstream.
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It should be noted, BS shown in Map 10.5, that the
river in Syria is incised within the north Syrian upland
and has a rather narrow floodplain bordered by bluffs and
upland surfaces some 60-80 n higher than the river. The
effect there is threefold. Fi.rst, the easily irrigated
land reached by pumping directly from the river is
restricted to the floodplain. Second, the water table
beneath floodplain soil is near the surfaee with conse-
quent problems of drainage and salination. Third, as
resenroirs are put in place along the river in Syria much
of the land fotmerly cultivated by means of small-scale,
p'rnped irrigatlon will be flooded and new soils at higber
elevations have to be utilized.

The outcome of the iurpounding of the river may be
souewhat sinilar to the problems encountered along the
Nile. Less suspended Load will increase the velocity of
the vater in the mainstream with subsequent undereutting
of manmade emplacements downstream and the reshaping of
the channel in unpredictable hrays. (In the absence of
up-to-date and/or complete observations, these comments
must remain speculative. )

Water quality in terms of the dissolved load is an
even more important issue than suspended solid Load.
Fj-giures 10.9 and 10. 10 illustrate two characteristics of
streams vis-a-vis dissolved load. The first relationship
sinply stated is: the less water in the stream, the more
concentrated will be the dissolved load it carriesi the
more uater in the stream, the more diluted will that load
become. That this holds true for the Euphrates is
further illustrated by Figure 10.LL, which plots average
nonthly water volumes (at Hit, which is assumed to be a
surrogate measure of eonditions at Deir ez-Zor, where the
salinities were measured) against total satinity measured
in micromhos/cu B. While the two data sets shown are
separated in tine and space, it is assuned that the
general condition they illustrate will hold true.

Figure 10.10 displays a further relationship common
to streams used for multiple irrigation projects. That
is, the farther downstream and the more times the water
in the stream has been passed through irrigated fields,
the more concentrated will its various dissolved salts
become. Dunne and Leopold(3o5e) cite the case of the
Colorado River, where the salinity of the river at Leers
Ferry is rising 32.8 ag/L for every 1001000 hectares of
newly irrigated land. Comparison with the nultiple
irrigation projects along the Euphrates and its
tributaries is obvious. That this holds true is also
indicated by the two salinity cutives shown on Figrure
10.L1, where the salinity curve for Tabqa is consistently
lower than the cunre for Deir ez-Zor farther downstream.
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Available values for the salinity of the Euphrates
fall between 427 and 760 micromhos/cu m. Figure 10.12
shows the USDA classification of irrigation waters with
regard to dissolved salts. Thus the guoted salinities
(Tables 1O.9 and 10.10) fa1l within the medium hazard
range with the exception of October (year unspecified) atpeii ez-Zor. rhe iao report for the-Jezirah'(3065) stites
that the rivers of the Jezirah are only slightly
salinized (O.27 to O.72 mg/L) and can be used for
irrigation without difficulty. By the same token the tvo
river samples shown in Table 10.10 faII within the USDA
cLassification of C2-S1 of nedium salinity and ned_lqn
sodium hazard. on the other hand, Withers lnd vipon6(3223)
believe that such medium sodium-rich waters should be
used only with coarse textured, permeable soils.

There remains the question of how dramaticaLly
increased hectarages of irrigated land with subsegtrenl
return flow to the tributaries and the mainstream of the
Euphrates will effect downstream users. Maps 11.6, LL.7
and 10.8 show the concentration and distribution of the
most prevalent dissolved salts in the underground waters
of the Jezirah. The general distribution of cations and
anions is shorn on Map L0.5. Dilute bicarbonateg predom-
inate along the Turkish border. This is tlpical of the
good quality of the Jezirah streams at their point of
origin in the north. Nevertheless, greater concentra-
tions of bicarbonates occur along the southern border of
this zone. Excessive concentrations of chlorides are
found. in the Radd Marsh (the result of high evapotrans-piration) and in the south along the Euphrates River, as
well as in the east along the Iraqi border, where
temporary seasonal accumulations of water evaporate.
Sulfates predominate in areas with lower precipitation
and ephemeral streams. While many wells produce water
suitable for agriculture, drinking water from these

There is a question.relating to the above FAO sulivey
of underground walers of the Jezirah(3065). The suggestioir
made in the conclusion of that report is that skillfu1
management of punped wells would provide the best means
of fatming in the Syrian Jezirah. However, little subse-
quent effort seems to have been made to follow that plan,
and, instead, the use of surface waters impounded by dams
(described elsewhere in this chapter) has predominated.
High salinities in a number of wells (see Table 10.10)
may account for this change in development priorities,
but the question remains unanswered.

An early review of the problem of salinity in the
Euphrates Va11ey of Syria estimates that more than 20,000
hectares had already been taken out of production because
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of high salinity; that, in another 20,000 hectares, the
yield had been decreased by 50 percent; and, in 601000
more hectares, yield was lowered by 20 percent. This
amounted to a total loss of about 7O,OO0 tonnes of cotton
per year(2710). That this remains a problem is lndicated
Ly cirrent reports (MEED, 4 oct 19e81 t3zzal that the world
Bank is considering loans to Syria to provide for a
second stage L,ower Syrian Euphrates drainage and irriga-
tion scheme. First stage work, to be completed in
nid-1987, has already been financed by the World Bank and
entails more than 2OOr000 hectares. Second stage work ls
intended to reduce salinity and create an effective irri-
gation network for an additional 120r000 hectares of
reclaimed Land. From these efforts it is clear that ex-
cess sal.inity remains a significant problem in that area.

Turkish data referring to water quality in the GAP
area have yet to become available for analysis. The
original GAP prospectus(3o81) devotes only a brief, non-
detiited commenl"ry-to this subject. ayylraiz et aI .<322?'
indicate that some drainage problems must be dealt with,
particularly in the more s5utirerly portions of the Harran
Plain. They state that, given a salinity measure of 40O
micromhos/cu m as an average value for waters in the
Urfa-Harran region and an estimated irrigqtion need of
11148 mm in order to produce a cotton cropo, such waters
will deliver approximately three tons of salt per year
per hectare (26L mg/L) which must be carefully leached
away. This inevitably implies that such materials would
be transported farther downstream.

The above brief review of water quality in the
Euphrates basin assumes relatively few problems will
occur for Turkish use of the water either from sedimenta-
tion or salinity. In Syria, however, problems are
already occurring along the rnainstream. That these will
be even more serious in the future becomes evident when a
sequential water budget of the combined Turkish and
Syrian river system is made. Figrure 10.13 and Table
L0.11 depict the elements and values in such an account-
ing. A11 data are drawn from this report and are sunmar-
ized in Table 10.4. What this schemata attempts to show
is hotr demands made upon the riverrs water resources will
vary sequentially with withdrawals (!r., w^) and return
flows (RF_ , RF^ ) . Evaporation from rdserrloir surfaces
will also take it,s toll (E- , E^ ) . (Other slanbols used in
the diagram are ttAleprt for'the"water withdrawn to provide
the city of Aleppo, uSE, for the input of the SaJur in

5this is apparently based on PE vaLues rather th6n on the xater deficit shorn by a cqr-
puted rater batance, drich routd be [ess. (See Tabl,e 7.3).
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Syria, and [E.B.P.[ for Euphrates Border Project.)

The results of this prelininary bookkeeping
vis-a-vis the riverrs waters show that after the year
2o0o, if a77 the proynsed projects described in this
report were to actuaTTy be put in place, Syria would
receive 91442 Mcm (299 cu m/s annual average) from Turkey
at the point where the river crosses the border. Initial
wiLhdrawals and return flows in Syria would reduce river
volume just below the Tabqa Dam to a mere 11057 Mcm (34
cu m/s annual average). Additions from the Balikh plus
return flows from Turkey (originating from Lake Ataturk,
but brought across country to the large southeastern
irrigation projects) would increase mainstrearn flow to
2,85O Mcn (90 cu mrls annual average) . Siurilar inputs
from the Khabur farther downstream would mean that lrag
night expect from 4,086 to as Iittle as 3,397 Mcm (130 cu
m/s to 108 cu m/s) annual average.

It was assumed, in uraking these computations, that
reservoirs in Turkey would reduce or eliminate extreme
variation in the flow of the stream between flood peaks
and drought deficiencies both on an annual and long-term
basis. Nevertheless, severe diminution of flow would
result from human activities, and all return flows would
be heavily salinized. Thus it can be reasonably pre-
dicted that the water entering Iraq under such conditions
would be of litt1e or no use save for flushing the main
channel of the stream.

10.8 ConelusLon

rrTotal Depletions to the Iraqi Borderrt concludes
Table 10.4. Given the caveats expressed throughout this
analysis, the picture revealed is a sobering one. Table
10.7 and Figure 10.14 illustrate the increasing strain on
water resources which Iraq must inevitably feel, if a1l
the Turkish and Syrian projects were to be realized.

It will be noted that the rninimum amount of water
received by Iraq varies from 4,087 Mcm in Figure 10.13
and Table 10.11 to 4,473 Mcm in Figure LO.14. This
difference stems from a more exact accounting for return
flow in the forrer case. It also should be kept in mind
that rrnatural flowtt and actual river conditions seldom
coincide. . Moreover, year to year fluctuations sueh as
those discussed in chapters 5, 6, and section 10.7 of
this study further complicate matters, especially if they
coincide with reserrroir filling or, conversely, include
exeeptionally large flood stages. Nevertheless, the
general pattern of steadily impending crisis is clear.



Table I0. t
KEBAN RESERVOIR--RECHARGE RA.TES

ToP CaPacitY = 30,500 Mcm

RechrrEe of Reservoir in fnotrs]anas of tlcm ' Rutning fottt
BcgiminE Date of Rcchargc

Nonth

Jan

Feb

ilar
APT

ltay
Jun

Jut
Aug

seP

0ct
tlov
0ec

Jan

Feb

l,lar

Apr

l,lay

Jun

JuI
Aug

sep

0ct
llov
Dqc

5.13
9.93

1 1.98
12.95

13.51

14.17
14.U
15.62

16.4t

Ave. Ftqr
(Ihouganda

of llcm) jgl

.774 .77

.890 1.66
1.900 3.56
5.127 8.69
4.802 13.49

2.053 15.55

.970 16.52

.619 17.18

.562 17.74

.67 18.40

.783 19.19

.81e 20.00

.774 20.77

.890 21.&
1.900 23.56
,.127 28.69
4.802 33.49
2.053

.970

.659

.562

.&7

.783

.812

.89
2.79 1.90
7.92 7.03

12.72 11 .83

14.77 13.88

15 .74 14 .85

15.40 15.51

16.96 16-07

17.63 16.74

18.41 17.5?

19.23 18.53

20.00 19.11

20.89 20.00
22.79 21.90
27.92 27.03

3?.72 31.83

4.80
6.85
7.83
8.48
9.05
9.71

10.50

11 .31

17 .?1 12.08

18.10 12.97

20.00 14.87

25.15 20.00
29.93 21.80
31.98 26.8'

- 27.82
- 28.18
- 29.05
- ?9.71

: 'o:to

2.05
3.02 .97
3.68 1.55
4.24 2.19
4 .91 2 .86

5.69 3.&
6.51 4.45

7.28 5.23
8.17 6.'.tz

10.07 8.02
15.20 13.14

20.00 17.95

22.05 20.00
23.02 20.97
23.68 21.63

24.24 22.19
24.91 22.%
25.69 23.64
26.51 24.45

27.28 25.23
28.17 ?6.12
30.07 28.02
35.20 33.14

.6
1.22 .56
1.89 1.23
2.67 2.01
3.48 2.82

1.26 3.60
5.15 4.49
7.05 6.39

12.17 11.52

16.99 16.32

19.03 18.37
20.00 19 .34
20.6 20.00
21.22 20.56
21.89 21.23
22.67 22.01

23.48 2?.82

?4.26 ?3.60
25.'.ts 24.49
27.05 26.39
32.17 31.51

.67

1.45 .78
2.?6 r.60 .81

3.04 2.37 1.59
3.93 

'.26 
?.48

5.83 5.16 4.38
10.95 10.29 9.50
15.76 15.09 14.31

17.81 17.14 16.36
18.78 18.11 17.33

19.44 18.77 17.W
20.00 19.53 18.55

20.67 20.00 19.?Z

21.45 20.78 20.00
22.26 21.59 20.81

l{ov

J8n

Feb

tlSr
Apr

r!y

.7t4

.890
1.900
i.127
4.802

u.u
a.93
25.83
30.95

22.34 ir.SC
8.26 22.48
25.16 24.38
30.29 e9.50
35.09 34.30

source: al-Hadithi (3067) 
.



Table 10.2

KEBAN RESERVOIR AVERAGE EVAPORATION
AVERAGE INFLOW

Es

Er2

Jan Fcb

774 890

llar ADr l{ev

1900 ,127 4802

Jun Jut lCS

2053 970 659

215.6 290.6 28/.8

seP 9g! !9v

562 67 783

174.4 1r3.3 48.8 21.1

Annuat

19,999

1ti8/..6

Infto!, Ave.
( in llsi)

Evap. lve.
(m)

t5.5 8.1 56.5 96.6 159.8

Etcv. lrla
ol $q#r vot. Jan

FULL SI'PPLY

845 675 30,500 10.4

840 620 27,000 9.6

IIORI,IAL LEVEL

835 570 ?4,200 8.8

830 5?5 21,700 8.1
8?5 480 19,200 7.4
818 430 16,000 6.7
815 385 14,600 6.0
805 300 11,000 4.7

iII}I. OPERATII{G LEVEL

800 260 9500 4.0

794 2?5 8000 3.5
7& r80 6000 2.8
7n 160 5000 2.,
7n 140 4000 2.2
760 107 2800 1.7
753 90 2000 1.4
746 75 1500 1.2
738 55 1000 0.9
734 45 800 0.7
720 Z0 500 0.3
700 0 0 0.0

4.6 3?.2 55.1 91.1

4.3 29.7 50.7 83.9
5.9 27.1 46.4 76.7
3.5 24.3 41.6 68.7
3.1 21.8 37.2 61.5
2.4 17.0 29.0 47.9

2.1 15.4 25.1 41.5

1.8 12.7 z'.t.7 36.0
1.5 10.2 17.4 28.8
1.3 9.0 15.5 25.6
1.1 7.9 13.5 22.4
0.9 6.1 10.3 17.1

0.7 5.1 8.7 14.t+

0.6 4.3 7.3 12.0
0.5 3.1 5.3 8.8
0,4 2.5 4.4 7.2
0.2 r.1 r.9 3.2
0.0 0.0 0.0 0.0

122.9 16r.6 162.3 99.4 &.6

113.2 152.6 119.5 91.6 59.5

103.5 139.5 136.7 83.7 54.4
92.7 125.0122.4 75.0 48.7

83.0 111.9 109.7 67.1 13.6

&.7 87.2 85.4 52.3 34.0

56.0 75.5 74.0 45.3 ?9.5

48.5 65.4 &.1 39.2 25.5

38.8 52.3 51.3 31.4 20.4

34.5 46.5 4r.6 27 .9 18.1

30.2 40.7 39.9 24.4 15.9

23.1 51.1 30.5 18.7 ',12.1

19.4 26.2 25.6 15.7 10.2
't6.2 21 .9 ?1.4 13.'l 8.5
1 1 .9 16.0 1' .7 9 .6 5.2
9.7 13.1 12.8 7.9 5.0
4.3 5.8 5.7 3.5 2.'
0.0 0.0 0.0 0.0 0.0

12.7 5.5 3%.7

11.0 4.8
8.8 5.8
7.8 5.4
6.8 3.0
5.2 2.3
4.4 1.9
2.6 1.6 110.7

2-4 1.2

2.2 1.0
1.0 0.4
0.0 0.0

EVAPORATION BY AREA AND BY I4ONTH
( In lvlcm)

Fcb illr Aor ilrv Jun sgs oct xov Dcc ArraJlt

5.5 38.1 65.2 107.9 145.5 196.2 192.2 117.7 76.5 32.9 14.2

5.0 35.0 59.9 99.1 13t.7 180.1 176.5 108.1 70.3 50.2'13.1

1002.4

920.6

e/,6.4z?.E r2.0

21.6 11.1

23.4 10.1

21.0 9.1
18.8 8.1
14.6 6.3

sourcc: Bascd on at-xedithi(3067) - 1651gs 8,9,13 (but a 365 d€y year).



Table 10.3

v^ntATlols Itl EsTttl rED LATER USE, Loss, Atlo DEPtETIil

AS A Ftllcrlol oF VALUES CHOSEII

A$urFd t[Drrlt Rcturn taotlprod.Etivc

xccd taithdraun RF . Ftor. _lgs!- sggog$g

to (2.5) (0.35) = 8.75 6.25 sctectcd for
deptetion = 16.25 this sttdy

10 (2.5) (0.30) = 7.50 7.50

deptetion = 17.50

10 (2.5) (0.25) . 6.25 8.8 mst
deptetion = 18.75 Pessinistic

10 (2.0) (0.35) = 7.oo 3.00 ffirst
deptetion = '13.00 oPtimistic

10 (2.0) (0.30) = 6.00 4.00

deptetion ' 14.00

10 (2.0) (0.25) ; 5.00 5.00

deptction = 15.00

Setcctcd l,lost llost

. Pessimistic Optimistic

6.25 8.75 3.00
llonprodrctivc
Loss

I Chengc 0.0 +1OZ -52?

Rctsrn Ftor 8.75 6.25 7.00

I Changc 0.0 -282 -201



Table I0.5

DISTRIBT.ITIOH OF TNRIGATED AREAS OF LOTJER EUPHRATES PROJECT

BY RIVER IIITO UIIICH RETURN FLOTJ DRAI}IS

ReEion

To nrinstrcam
and Lake Ataturk

Cat

Adiyamn/Kahta
Cankara

Hacihidi r
Siverek-Hi lvan

To Batikh in Syria
And thence to Euohrates

Urfa.Haran
Tektek
8ozov8

Baziki (Yaytak)
Suruc

Loxer l-lardi n/Ccyl arpi nar
Deri k.llardin
llusalbin-Cizre
ounluca
Sivcrck.Hi tven

Area

in ha

ui thdrara L

in ilcm

Reservoir Rrturn
Evamration ltol

?2,091
160,000

38,420
3,400

117.000

170,911 <32.lrt

1 57,000

20,000

55,300

44,900
10t.600
178,800 (332)

140,000

192,100

47,000
?,400

17.300

398,800 <34.7X)

304.3
2,204.0

,29.1
46.9

2,024.9

2,597.7
537.7
889.4
742.9

1,680.9

2,474.3
3.318.3

812.0
33. t

238.3

7.0
61.2

3.6
6.8

106.5

771.t
185.2

16.4
m8.7

t,7g8.e

909.2
188.2
320.2
260.0
588.3

?,26r.9

866.0
1,161.4

2e4.2
t 1.6
83.4

2,406.6

To Khabur (via Khabur, Jagh Jagh, ard
other Euohrates Tributaries

To Svria (Batikh and Khabur con{cined)

m,6oo (67,7X)

Total (Turk"v snd Svria)

1,148,511 (100I)



Table I0.5

EXISTIIIG IRRTGATED LAXD IX THE GAP AREA ca. 1980

Location Stream

Stream/Reservoir Fed

Hectares
Euphrates TrihJtarv Comnents

Hacikamil (Sivcrek) Cam 470 enters mainstrcrn
llusaybin Cagcag 7,820 e'ntera Khabur in Syria
Ccytarpinar Habur 6,700 entcrs Khgbur in Syria
Statc Production Farm Snatl reservoirs : 2.1& enters Xhabur in Syria

sTnEAfl ToTAL 470 16,706

Location

Pumoed from Aquifers

Est.neserve Year Bequn Tributarv Coments

suruc 47 ucn/yr 1955 5,900 entcrs Eatikh in Syrie
Harran 190 tlcm/yr 1974 15,203 enters Betikh in Syria
Akcakate Soit ard

Agric. Reform Proj.
suBToTAL BALIXH 22,103

Ceylanpinar 852 Mcilyr 1957 8,850 enters Khabur in Syria
State Production Farm

lki Circiparasi 1968-80 10,000 enters Khabur in Syria
Itlardin.(izi ttepe 13 Hcrn/yr 1956 180

SUETOTAL KHABUR 19,030

PU]iIPED TOTAI. 41,133

fotlt Estinated tJater oeptetion (use gtus toss)

Arcr Dcptetim/ha fotrl Deptetion Return Ftor
in ha (*F-IdqIP 7.4) in cu m in cu nkin

llainstrclrr
Khabur

Bal.ikh

Bat i kh/(hebur 57,839
AL l, Etphrates 58,309

470 8,856
3r,736 10,754
22,103 10,754

4,162,320 2,214,31t
384,305,000 244,293,000
237,695,000 '151 ,197,000
622,000,000 595,390.000
626,162,000 397,631 ,000

source: cAP(3081) 1980, pp. ll-4lll-7. Sec this text for source of corpr.rtations.



Table 10.7

IR QrS PROJECTED SHARE OF EUPHRATES llAtER: 1986 . 2000+

In llcm

(rorst casc sccnario)

1986-1990 1990'1995 1995-2000 2000+

Estimated
nileturat Fton[ 33,450 33,460 33,460 33,460
entlring lraq

Coubincd Turkieh
and Syrian Usc 4,109 13,460 24,562 28,9E7
of Uat€r

Share RcminirrE
for lraq 29,351 20,000 8,898 4,473



Table 10.8

RECOnDED FLoUS AT lllT, lR 0 (in cu n/s)
PART I -- PEAK (1924-1973)

Yaer'

1953

1944

1938

1966

1971

1956

1937

1941

1960

1912

1943

1939

1946

1950

1931

u30
1120

4220

4080

4040

3900

3850

3750

3690

l6tt0

m

I
2

3

4

5

6

7

8

9

10

11

12

t3
14

15

16

17

18

19

20

21

22

a
24

z5

2600

2550

2510

2480

2470

2224

am
2120

2055

1850

1750

1732

1730

1630

850

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

elk Ftor

7390

66114

6072

4980

4816

4810

4730

4670

4660

4610

rt+l

51.00
25.50
17.00

12.7t
10.20

8.50
7.29
6.38
5.67
5.10

1.64
4.2'
3.92
3.&
3.40

3.19
3.50
2.83
2.8
2.55

2.43
2.32
z.?2
2.13
2.U

Yeer

196/-

1936

1965

1926

1937

1928

1935

1949

'1947

1959

1955

1970

1945

1958

1951

't962

1933

1924

1973

1927

1925

t96t
1934

1932

1930

ft+l
m

1.96
1.89
1.8i1

1.76
1.7!

1.65
r.59
r.5,
1.50
1.46

1.4?
1.38
1.34
1.31

1.28

1.24
1.21

1 .19
1 .16
I .13

1.11

1.09
1.06
1.04
1.02

?s!-E-ter m

3548

5450

3/.22

3320

3320

3240

3200

2950

2900

zv0

1969

1968

1967

1929

1963

1972

1954

1948

1940

1952

26

27

?8

a
30

31

32

33

34

35

4540

4530

4500

448/
4435

sourcc: at-radlthi(3067), tabte E-2, p. 228 ard Tabtc E-5, p. 236.

Nr,p3 Pctk and mlninrn mntary f tors do rrct coincide rith peak and minim.rn mnthty srd/or
l€trty lyarages !t rl,t tilEs. l{evcrthetess, Durnc and Leopotd(3059) 

"ugg"rt 
th8t [FoEltrry

dischargce bG r,rsld for thcsc conpr/tltions.



Table 10.8 continued
nECotDEo FL6JS AT HIT, IRAQ (in cu m/s)

PART il -- rirxrl{r{ (1925-1973)

Is!
1973

1961

1970

1962

196/-

197?

1951

1926

1955

1935

1942

1%7
1931

1963

1971

81

94

150

153

162

177

194

196
't96

201

208

209

213

215

218

224

2?6

22E

2?8

236

238

238

240

24E

251

f!

1960

1947

1950

1956

1949

1937

1952

1948

1945

1938

1929

1941

1946

1966

1953

m

%
37

38

39

40

41

4?

43

44

45

46

47

48

49

ilinim.n Ftor JlL
ft|1

-JL50.00
25.00
16.70

12.50

10.00

8.30
7.10
6.30
5.60
5.00

4.60
4.20
3.90
3.60
3.30

3.10
2.90
2.80
2.60
2.50

2.40
2.30
2.20 .

2.10
2.00

llinim"m Fl,or

?r3
261

2&
269

277

2E
28t
281

290

291

298

303

304

304

308

309

330

33t
336

343

359

4U
408

453

n+t

-J!-1.92
1.85
1.79
1.72
1.67

1.6r
1.56
1.r2
1.47
't.43

1.t9
1.35
1.32
1.28
1.25

1.22
1 .19
1.16
1.14
I .11

t.09
1.05
1.04
r.02

I
2

3

4

,

6

7
8

9

10

1t
1?

13

14

1'

16

17

18

19

20

?1

22

a
24

2'

25

27

28

a
30

31

32

33

34

55

1923

r959
1958

19?7

1930

1928

1934

193?

1933

1965

1943

19L4

1936

1954

1940

1959

1969

1967

1958

sourcc! at-ttadithi(3067), Tabtc E-2, p. 228 art Tabtc E-5, p. ?36.

t\ft: Pcet md ninimm rcrEnt.ry f tors do mt coirridc rith pcak ard rnininrrn mnthty ar#,lor
ycarty lvcrugor !t att tio*. llevcrthctcas, orlilre and Leopotd(3059) 

"ugg""t 
th.t rnooErtlry

dischargcl br uccd for therc ccnFutations.
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Table 10.9

SALINIIY AT IIrc DIFBENI TtrATICNS
ON ITIE EIJPHRAIES RNZERA

Lcatidr Jqt reb Mar lgl Mqv .r.r:n J.r+- lgg g. oc9 \9y ry Ayer.aEP

rabq3 550 530 475 420 420 430 480 505 525 565 615 450 497

oeii ez-Zor 660 610 500 455 560 480 623 725 735 760 700 480 616

sonrcer Raslan and Fardavri(27rO) , P. 2L6-

a lnrrber of years gnspecified; probably a one year sanple.
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Table 10.10

CUEOSITICI{ AI{D CITGITIRATION OF SAL]NIIY
IN TTIE S}R,IAN JEZIRAH

mx1o3
'm'l'os/crn 

pE ca !g { Na S14 9% I99: gl4 9% I93 g
H.phrates 0.484 7.3 2.90 1.53 0.33 1.87 0.11 3.72 0.24 0.63 0.06 1,25
&phrates 0.427 7 -l 0.88 L.72 0.13 2.48 0.11 0.17 2.60 0.92 1.08 0.02 2.07

well L.42A 7.4 7.80 3.36 0.18 5.55 0.05 0.33 3.54 6.53 3.37 0.02 2.40
l€ll 12.100 7.1 24.20 58.60 1.03 78.26 0.r1 0.25 2.44 62.10 83.20 11.60 12.20
l{elI 27.923 7.4 18.00 179.20 1.03 230.40 0.33 0.83 8.06 173.80 244.7A 0.02 23.20

sonrce: Rasran and Fard*ri(27]t0]-, p. 2L7.

SAR = Sodiun absorp't.i.an ratio.
a Sarple locatiqrs unspecified e:<cept as sho+n.
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Table 10.1I

THE EUPIIRATES RIT'ER . HEADI'ATEiS IO IIIE
II rlE YEARS 2000+ nPLAlil{Eo SCEXATIO'|
g . totlt rithdr$.tsi lF : rcturn ftor)

ffiior cf Rira

This bcginning amrrrt cquats thc lvcrlgc
rrnatural fLoro ct Hit (p.ge: .ddcd to
mss. p. 121 ) tcss 7Z &d in Syria.

Karakeya Dam ard upetr?al

Xarakaya Dant and upstream

Karakaya Dam and upstrram
At bourdary of Lorer Etphrates prolect aa,
Ataturk Rescrvoir

Smalt Rcservoirs

To L. E. P. irrigation

From L. E. P. irrisation (IHcIe 10.5)

Euphretes Border Projact

Euphrates Eorder Project

Euphrutcs Bordcr Projcct
At Turkish/Syrian border O=1

lncut

31115 xcrnryr

Smatt Reservoirs
To Batikh via Urfc, ctc.
To Batikh vie Urfa, ctc.
Io (hebur vie llabur, ctc.
To Xh&Jr vit fltbur, ctc.

To Syria via Urfa Tunnct

= 89 rPrcccYr

secEcLe 10.5

(orittcd bctor)
(Entcrcd betor)
(Entcrd bctor)
(Entcrcd bctor)
(Entcrcd bctor)

E - 1488

29627

rJ - 1116

2851 I
Rt+ 391

+28902

E - 1171

27431

E- 77

?7354

u - 1u34
8920

RF+ 1788

10708

E - 18/r

10521

rJ - 1665

8659

RF+ 585

+ 9442

E- t0
r.- &9
RF+ 2265
v- 6876
RF+ 2407
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Table 10.11 continued

Hisr cf Rirs

At Syrian bordcr 0 
=1(aco 

ebovc)
Tishreen lcssrvoir crd L.k. Assad

(atso: ltcppo -80.2 and Sajur c +80.8)

llaskanah, Batikh, Lorer Vattey

llaskanah, Batikh, Loxer Vattey
os2
tlayadin Ptain

llayadin Ptain

Betikh (strcsn ftor.)
Hrrran/Urfe (Turkish)
os3
Lo$r Xh.bur

Loxer Khabur

Khabur (strcam flor after extractions)

Ccyt arpi ncr/llr.raybi n ( Turk i sh )
0il o{]E: This totrt diffcrs etightty

frqr thct siven in Dirydll
1O.5 dE to rourdins clrore.)

Khabur (stresr ftor after extractions)
Ccyt s?i mr/t{usayti n ( Turki sh )
0iI

Arorrt

Reviscd Estimtc cxctrding tlayadin Ptrin ard lorrer Ihrhrr

Betow llaskanah, Batikh. LoHer Vattey (see above) + 1065

Batikh (stream ftor) + 190

Harran/Urfa (Turkish) RF+ 2?6

944?
E . 1727

7715

rJ - 102?8
- 2513

RF+ 3r7l)
+ 1066

e - 1039

a
RF+ 36:t

392
+ 190

nF+ 2?$
2848

L - 1942

9(b
RF+ 579

1585

+ 
-2!.167l)

RF+ 2407

4086

3522
+94

RF+ 2407

&?3

- 130 fl*clyr

= El r//rlcctyr

Source: Table 10.4



Chapter 11

llbe Years Ahead

Four years have passed since the initial collecting
of data ror this study began. During that tine and aE a
Dore complete picture has emerged fron the first reports
--often glowing, often overly optinistic--issued by
Turkey and Syria regarding their respective plans for the
Euphrates River, the world at large has become increasi
ingly anare that water, not oil, will be the key to peaee
and war in the Middle East. In November of 1988 scenar-
ios regarding the future impaet of water shortages

t"T:l'Tltn'li=gi:1""ii",:3.ii:'31i"*t"i7a'I"i3lEr.I#;
rrWhen water feeds the flamesrr (21 November, 1988, pages
47-481. To quote briefly:

Nov. L2, 1993. War erupted throughout the ltiddle
East today in a desperate struggle for dwindling
water supplies. Iraqi forees, attempting to smash a
Syrian blockade, launched massive attacks on the
Euphrates River valley. Syria answered with missile
attacks on Baghdad....

11.1 A RealiEtic frognosis

The conclusions given at the end of the preceding
chapter might seem to substantiate such a grim picture,
but it should be remembered that the events described in
Chapter 10 are based on the assurnption that all of the
Turkish plans and most of the Syrian plans will come to
fruition on the tight schedule indicated by its charts,
tables, and diagrams. Those projections spell troubLe
sometime shortly after the year 2000; the scenario
quoted above advances that date by about a decade. Care-
ful consideration of the data and tine frames presented
in the preeeding chapters indicates that less land will
be irrigated than first sur"mised and that many projects
will come on line considerably further in the future than
predicted.

In fact, interviews conducted in the sumner of 1988
with Southeast Anatolia Development Project (SEAP;
Guneyd dsgu Anadolu Projesi/GAP engineers and
adninistrators, ds well as wj.th other interested parties,
suggest that 2030 night be a more realistic date for the
completion of GAP and that, even in Turkey, less land may
receive water than was first intended. fn the case of
Syria, evidence is accumulating that the Euphrates proj-

1



The Years IJtead

ects there will be significantly reduced and are even now
being cut back.

other isEues will inevitably effect the ultiurate
dimensions of GAP and the Syrian Euphrates. In Turkey,
overall project management and coordination is, at the
time of this writing, being debated. Beyond the problems
of finishing existing projeets and beginning the renain-
ing ones are complications relating to production and
marketing decisi-'ris and the final disposal of whatever
crops are grown. Inequalities of land ownership are also
attracting attention and the question of the Kurdish and
Arabic speaking minorities within the region must be
addressed. Even the initial authorship of the idea of
GAP has become a matter of some interest, particularly in
the Turkish press and in view of continuing political
developments in Turkey.

DJhile it is not the purpose of this study to
consider the latter topics in detail (a detailed
discussion of them can be found in a future volume in
this series) , it is necessary to try to refine, in tetms
of most recent developments, rrthe general pattern of
steadily inpending crisisrt with which Chapter 10 ended.
Because of the dynamic nature of the situation, even suchtrfinaln comments will need further clarification by the
time these pages reach the readerrs eyes.

The Turks, moreover, have long been known for theLr
diplonatic acumen, and here too they are showing their
alrareness of the delicacy and importance of the impact of
the projects they are undertaking on the Euphrates and
the Tigris Rivers. This chapter concludes with a brief
eonsideration of Turkeyrs rrPeace Pipelinetr proposal, a
bold and imaginative approach to resolving some, if not
all, of the water problems of Southwest Asia. It is on
this note of hope, intimately intertwined with GAP, that
the study ends.

11.2 C"urreat Status of, GAP--Eeptenber 1988

In order to attempt to predict how much land will
ultinately be irrigated by GAP, as weII as when various
projects--i.e., river water depletions--will come on
line, it is necessary to review the sub-projects which
have been described and to list their status as indicated
by press reports during the month of September 19881.

lR"f".*"" is nsde particul,arty to a series of feature artictes by Ismet Bcrkan rtrich
appeared in Cufiuriyet at thst tirlE. other sources (Eksores, !gf!.y.g,!, Turkish Dai tv llers)
rere consulted rhcre appropriate. As ritt be scen, there is internal cotrsistency b€tieen the
anatyticat descriptions of this str.dy and the aforenentioned reports. The conctusions reached
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All conments which follow refer to this tine period
unless othetruise noted.

The Keban Dam, Hydroelectric Plant, and Reservojr.
Although this project is not part of GAP, it is closely
related to all downstream events on the Euphrates. The
heavy rains of Spring and Surnmer 1988 filled the Keban
Reserrroir; hydroelectric production continues. No sig-
nificant problems are apparent, though unverified con-
ments regarding the need for maintenance and overhauling
of the generators at the power plant persist.

The Karakaya Dam, Hydroelectric Generating Plant,
and Reserltair. The dam has been completed; the
reserrroir is full; five generating units lrere instalLed
by early 1988 and the sixth and last came on line in
November 1988.

The Lower Euphrates Project, which includes the
Ataturk Dam, the Urfa Tunne1s, the Urfa Hydroelectric
Generating Plant, associated canals and irrigation
projects.

on the Ataturk Dam, work is progressing at an uneven
pace (see discussion in the section which follows).
Estimates now indicate that the dam will be finished in
l99L-L992, although 6ome optinistic reports suggest the
first generators will be going on line by the Summer of
1990.

The Urfa Tunnels are to provide 328 sq n/sec (2
times L64 sq n) of water by gravity flow to the Urfa-
Harran area. Early estimates predicted that the tunneLs
would be conpleted sometime in 1988, but technical diffi-
culties of an undefined nature, plus lack of funds, nott
indicate that the tunnels would be finished by September
1989 at the earliest. As of September 1988 the tunnels
were 64 percent complete; that is, L7 km of the intended
26.4 km had been excavated and about 25 percent lined
with concrete. Twelve access shafts were in operation,
and another four were planned. Working, housing, and
commissary conditions for the tunnel laborers hrere
reported by the press to be below minimum standards.
Payrolls were also reported delayed.

Concern has been voiced in the Turkish press that,
because the tunnels night not be completed until after
Autumn 1989, the main portion of the Ataturk Dam, if
completed as scheduled. for the Summer of 1990, would
impound water above the leve1 of the tunnel entrances,
thus complicating their completion. In any event, the
tunnels and the dam are of nearly equal importance. Many
of the optinistic prognostications of GAP's role in the
Turkish economy and of its ability to pay for itself are
based on .dcconpdnying irrigation projects coming into

in this sectiqr are atso sLbtentiated by f ietd observations made during the sumer of '1988 by

the author.



The Years j.}tead

production. Thus the tunnels occupy an important posit
tion in the cAP.

The Urfa Hydroelectric Generating Station is located
at theexit of the Urf,a Tun*els and is intended to gener-
ate energy for local use. Work on this was contracted in
1985 and is continuing.

Three major canals have been contracted for the use
of the waters of the Urfa Tunnelg! one contracted in
1980, one in 1985, and one in 1985. These are scheduled
to be finished by 1991 in tine to receive water from the
completed tunnels. Gravity flow should provide J.rriga-
tion for L42,0O0 hectares. This figure differs slightly
from those in official documents (fable 11.1), but the
discrepancies are so slight that there is no apparent
reason to revise the data given earlier in this study.
The characteristics of a sub-unit found on the Harran
Plain are given in Table LL.2. Other Reports suggest
that uater will arrive in the Harran area in 1992.

At some unspecified later date contracts will be
tendered for additional canals to provide water to the
Mardin-Ceylanpinar area from the same tunnels. Approxi-
mately 140,000 hectares will be serrred by gravity flow
and another 192,100 by additional pumping.

Preliminary studies are undervay regarding the
Siverek-Hilvan Project (punped) and the Bozova Projeet
(pumped). Press reports show a combined total of 2191500
hectares for these two schemes. No f irm date i-s
scheduled for beginning work on these projects.

Euphrates Border Project: the Birecik and Karkamis
Dams. Work was programned to begin on these in L987, but
to date nothing has begiun.

Siric-Baziki Project. This project is in the Pre-
Iiminary Study stage of development.

Adiyaman-Kahta Project. This project is at the I'Ias-
ter Plan stage of development.

Goksu-Araban Project.
ably to begin in 1990.

Work on this project is prob-

GazLantep Project. For the Hancagiz Dam, construc-
tion costs.according to the 1985 contract were calculated
to be TL 30 billion. Money spent to September 1988
amounts to TL 59 million, less than 0.2 percent. Rumor
reports a similar situation for the Kayacik Dam. Work on
pumping stations rtpossibly will begin next year. rr
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The fol,lowing comments refer to the Tigris River
portions of GAF.

Kralkl,zi and Dl"cle (Tigris) Dams. Work on these two
dams is continuing. The irrigation canals will be built
Iater.

Batman Dam. Work on the dam is continuing. One
diversion tunnel is completed, and work on the second ls
in progress. Construction on the main body of the dam
will begin later.

Batman-SLlvan. More Preliminary Studies are being
conducted.

Garzan. Preliminary Studies are continuing.

ITisu Dam. This project, which threatens to inun-
date the historic town of Hasankeyf, is still only in the
planning stage. Work will begin on it rrin the years
ahead. rr

Cizre. Work on this dam was scheduled
L989. frrigation canals will be constructed

to
in

begin in
L992.

11.3 A Revised Tine Schedule for GAP

A revised schedule of dam construction, reserrrolr
filling, and irrigation works is shown in Table 11.3.
The material shown in this table reflects the original
estimates for various projects as shown in Table LO.4,
but the sequence and timing of events as shown is based
upon more recent reports and upon an assessment of the
financial and planning aspects of GAP as discussed in the
section that fo11ows. While all dates are conjectural,
the extension of completion time(s) into the twenty-first
century could result not only from technical difficul-
ties, both real. (e.9., problems with the Urfa Tunnels)
and anticipated, but also from financial shortages
(discussed in the following section) and the largeLy
unanslrered question of what crops can be grown which will
find a ready and profitable market within or outside
Turkey. 

.
Informal talks with a number of concerned Turks

indicate that the extension of completion dates from
thirty to fifty years for the entire project is entirely
reasonable. Comparison of Figure 10.14 with TabLe lL.3
and Figure L2.L shows the anticipated depletion of
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approximately 10 billion cu m of Euphrates water occut-
ring not by 1990, but more likely sometime near the year
*s10.., fn the same way, depletion of L2.5 billion cu m
magr ber d3layed until nearly 2o2a, thirty years after the
initial.ly projected date. And again the absolute
depletion of over 16 billion cu m may occur Eometime
around 2O4O.

A more imnrediate and predictable problen wili accom-
pany the irrigation of the Harran Plain and the Ceylan-
pinar area. Work in both of these projects is undemay
and, with the filling of the Ataturk Resetrroir and the
completion of the Urfa Tunnels, there will be an almost
automatic demand that the water, because it is available,
be used. This, in turn, will lead directly to increased
return flow, first downstream on the Balikh River and
thereafter in the Jagh Jagh drainage, area both in Syria.
It has aS.ready been shown that such return flow must
inevitably present problems of pollution to downstream
users. Turkish engineers are aware of this.

Although no specific public discussion of the
problem has come to the attention of the authors of this
study, infomal talks have suggested a number of solu-
tions: impoundments to retain dirty watert by-pass
canals, either west to the Euphrates in Turkey or south
to the Euphrates below Deir ez-Zori injection below
ground (though the problem of the Ras al-Ayn aguifer must
be confronted, if this hrere to be done); or possibly
free flow downstr€arnl-c€rtainly the least acceptable,
laissez faire approach2.

!{hatever the outcome to the above questions, their
general effect must be to slow the pace of development of
GAP in its totality. Before turning to sinilar problems
in Syria, a brief review of financial and other matters
in turkey is in order, although a complete financial
analysis is not the intent of the present study.

11.{ FLaaacl.al and llanagerial Aspects of GAP

Development of the Euphrates River began modestly.
The idea of GAP began to acguire a resonance of its own
with work on the Karakaya Dam and was fully articulated
for public appraisal and approval with the prospectus

ztt shor.rtd be noted that rotrting the return flor. rrest routd create probl,ems rith the
saters of Lake Assad, rtritc routing the RF to betor Deir es-Zor xoutd sinpty pess errch
probtens atong to thc lraqis.
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issued by the General Directorate of the State Works
(Dev1et su rsleri/Dsr) in 1980(3081). rn the years that
follosed, more and more attention has been directed to
tbe use of the irrigation water to be made available.
Gloring projections of its impact on agricultural produc-
tion in Turkey, in addition to the undeniable utility of
tbe electricity produced by the new and anticipated dams,
have made credit for its conception a sought after
political prize.

According to the Turkish press, claims have been
uade by both Turgut ozal and Su1e)man Demirel that eaeh
deserved the credit for GAP, Demirel for activity during
his time as Prime llinister and oza]- both as an electrical
engineer and planner for the DSI and as Prime Minister.
Other parties, such as the Democratic Populist Party
(SHP), have not taken sj-des and refer to the proJect
sinply as rtgovernment property. rr Human interest was
added to all this when the former mayor of Urfa, Cemil.
Sacikamiloglu, recently claimed authorship by citing
ideas which he had presented in the early 1950s to both
Ce1al Bayar and Suleyman Demirel for the use of Euphrates
saters near Urfa.

More serious issues concerning GAP began to reach
the public in late L987 and 1988. In March 1988,
&tnlwriyet reported that Ata Insaat (the consortium
building the Ataturk Dan) had received only T1 80 bil-
Iion, but anticipated doing at least tL 200 billion worth
of work in 1988. The Akpinar Group (responsible for the
Urfa Tunnels) was reported to have received approxiurately
TL 10 billion and to be nearly three years behind
schedule. In June 1988, there were 8r200 workers filling
tuo shifts on the Ataturk Dam, but, in JuIy, 7 rO0O of
these were laid off for 20 days because of unpaid
receipts of TL 15O billion owed Ata Insaat by the govern-
ment. Such palments reportedly were originally scheduled
for the previous January.

At a briefing given to President Evren during his
visit to GAP in June 1988, Assistant Permanent Undersec-
retary of the State Planning Organization, Dogan
Yonrkhan, recalled the original estimate for GAPrs com-
pletion in L994. He then pointed out that, tg^ achieve
this deadline, TI 64.6 trillion (i.e., 1 x LOLZ ) would
need to be invested, including a current need for TL 9.4
tril1ion. Meanwhile, in april of 1988, additional money
vas allocated to the courpletion of 13 dams in Turkey from
government.ilPublic P4rtnershiprr funds. Of the TL 74 bil-
tion (i.e., 1 x 109) thus dlsignated, TL 18.9 billion
vent to the Atraturk Dam and TL 2.5 billion to the
Karakaya project. Ministry of Housing and Public Works
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Director Bulent Gultekin announced that, by the end of
1988, the governmentrs investment in GAP would reach TL
230 billionr.

Howeverr ES late as 23 August of the same year, it
was reported that the government owed contractors working
on GAP approximately TL 125 billion.

In 1983 cAP contracts for the Ataturk Dam lrere
estimated at TL 102 billion and for the Urfa Tunnels (at
L981 prices) IL 27 billion, but, by August 1988, work was
reportedly estimated to be costing TL 1 billion per day.
As Ismet Berkan pointed out in Cumhuriyet in Septenber
1988, the biggest problen facing GAP is the financial
one. To paraphrase his words, no more than one-fourth of
the Lower Euphrates Project is finished or under con-
stmction. This is not to mention other projects, such
as the Karkamis and Birecik Darns and the many proJects
scheduled for the Tigris. Some of these have already
been started (see surnmary given earlier in this chapter),
while others have not yet even been contraeted.

Nevertheless, there is }ittle doubt that, with so
much at stake both financially and politically, as much
as possible of GAP will be completed as money becoues
available. It is also reasonably safe to say that the
Ataturk Dam and resenroir and the Urfa Tunnels and thegravity flow projects associated with them nill come on
line in the near future. On the other hand, the many
additional projects described and analyzed in this study
may be delayed for years or perhaps decades, not through
technical difficulties but for the reasons touched upon
here..

Another set of problems must also be considered inpassing. These relate to the articulation of the proj-
ects, their coordination, and their eventual realization
with products for the domestic and world markets. Even
the timing of technologiaal events has evoked concern, as
in the case of the conpletion of the Urfa Tunnels and the
filling of the Ataturk Reserrroir. A similar such situa-
ion concerns the height to which the Ataturk Resernroir
night be filled. During President Evrenrs visit to GAP,
the General Director of DSI observed that, if it were
filled an additional 30 m, its useful life could be
extended for fifty years. However, such a reviEion can-
not be lightly undertaken.

In response to these and other issues concerning
project management, President Evren suggested that a

5By Decenber 1988, the exchange rate ras approximatety $1.00 = TL 1,700.
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special Ministry for cAP be established within the
governnent. Very little had come of this suggestion to
date. This nay have been due in part to the national
referendtrm, actually a vote of confidence, held in the
Autumn of 1988, but it was more likely that other
measures described below were felt to meet the need for
coordination and further study of the many problems
generated by GAP. In any event, Premier OzaI has main-
tained control of the government at the tirne of writing
and is continuing as steadily as possible with work on
GAP. (Noteworthy of the Premierts couurritment is that his
official airplane is named ttcAP.n)

The government response to calls for better manage-
ment of GAP was to create a Project Management Unit (PUt )under the responsibility of the State Planning Organiza-
tion in the late FaIt of 1986. The Undersecretariat for
Research and Project Promotion is responsible for the
PMUrs coordination and supervision. The PMU is to seek
out international consulting firms with suitable
experience rhich relates to GAP and its problems. The
PMU also is to identify and prepare the terms of
reference of the studies to be conducted by such consult-
ing firrrs and to supenrise the work they carry out.

A main office of the PMU located in Sanliurfa and a
liaison office i4 Ankara are to design and plan studies
of the following:4

L. A review of the ttexisting social and economj.c
structure and resources of the regionrr and of
the problems and potentials thereof.

2. Alternative modes for industrial development
offered by the region, including agriculture and
trade.

The rtidentification of future policies for rural
and urban development of the region.rt

Investment opportunities and the magnitude
needed for social and economic development of
the region.

The identification of regional development
strategies and financing strategies for plan-
ning, progranming, and budgeting.

The planning of investments for rural areas.

3.

4.

5.

5.

4sou."", Goverrupnt of Turkey, State Ptarning Organization, undated xerox (1988).
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Development of soil, water, manpohter, and other
resources in rural areasr ds well as social,
economic, and physical ones.

Securing positive urban development through the
control and direction of investments within GAP.

The PMUrs first task was to call for bids for a GAP
Master Plan contract. The work was eventually secured by
the Japanese fitm of Nippon Koei, which has subsequently
established offices in Urfa. They are specifically en-
joined to develop an Agricultural Production Design aimed
at maximizing the production of both export and domestic
crops. (A penultinate draft of this design was completed
by the suuner of 1988.)

Studies have been undernay to establish an Economic
Development Ageney for the promotion of investments in
the region. There are also plans for an emplolment
agency, both to create jobs and to find workers for jobs
as they occur.

Other rorks which are underway include: an frrigat-
ed Agriculture Research and Education Group to be head-
quartered in Urfai the improvement of the airport at
Urfa; and a cooperative effort between the Ceylanpinar
Agricultural Station, the various offices in Urfa, and
the Agricultural Division of Cukurova University which
will carry out experiments to determine the best crops
and methods of planting in the areas to be irrigated in
the near future.

In addition to the many official actions, some of
which are described above, independent, private initi-
ative is at work within the region. It1any large land-
holders within the area have already invested in gasoline
pumps and plastic irrigation pipes senred by wells
drilled on the Harran Plain south of Urfa. Several
thousand hectares of land uere being irrigated in this
manner in the sunmer of 1988, and shops selling similar
equipnent were to be seen on all sides in Urfa. Despite
avowals by some of the landlords that their tenant
farmers could not be taught the necessary techniques, it
was evident that the new technology lras diffusing rapidly
throughout the region.

This, in turn, raises questions of the possible din-
inution or.exhaustion of the aquifer underlying the area,
which in turn feeds Syrian springs to the south. As
mentioned elsetrhere, return flow from these fields also
uay begin to infl-uenee water quality in Syria. Another
iten of concern noted during a field reconnaisance in the
summer of 1988 was the profligate use of water in unlined

7.

8.
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ditshes being applied to fields by-guess-and-by-gosh,
rather than under the superrrision of trained irrigation
experts.

In sulnmary, the many elements described above indi-
cate a situation in a state of rapid development and
flux, one wherein litt1e more than impressions can be had
untiL a more stable second phase of GAP is estabLished.
As stated above, many parts of GAP will come on line,
some slowed, some expedS-ted, by current conditions. ALL
of these, in turn, will inpact upon Syrian p1-ans and
activities downstream on the Euphrates and its
tributaries.

rt is now time to re-examine the Syrian situation
and to predict what is to come.

11.5 Future of Syrian Eupbrates Developmeat

By the Summer of 1986 a pattern of development along
the Syrian Euphrates had begun to emerge. original plans
full of high hopes to irrigate 640,00O hectares of land
were revised downward drastically. Almost all of these
dovnward revisj.ons were the result of unexpected prob}ems
relating to gypsiferous soils, which dissolved upon con-
tact with water leaking from new canals, thus disruptingr
the entire system as it was being put in pIace.

Recent estimates by the Syrian government indicate
that only from 24O,O00 to perhaps 250r000 hectares of
land will _be irrigated when the projects have reached
completions.

The significance of these figures is diurinished when
it is reallzed that L5or000 hectares were irrigated by
private punping prior to the beginning of the government
program. Moreover, although 64r500 hectares had been
lost to the flood-waters of Lake Assad, another 311000
hectares of irrigated land had been disrupted by land
reclamation works, and another 7,4-9_5 hectares of dry-
farming land had aiso been g16e6g6(456e) (p. LLo) .

Table 11.4 summarizes the ongoing status of the
projects attempted and realized to date by Syria.
Columns 2/1/4 of Part I, rtProposed, but Unrealizedrrr

ffireport8afigureof240,000hectares;ctoseaccountingbasedon
fetrat,s(4&9) d"ta (p. 119) ptaces this arrount at 259,300. ilo def inite Hay exists at
present to resotve this differencc.
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represent estimates of land studied Itgenerallyrr and rtin
detailrt which were designated in L977. These exclude the
Resafe (L24r300 hectares), Mayadin (100,o00 hectares),
and Iower Khabur (37o,oo0 hectares) units which have
either been abandoned (Resafe and Mayadin) or suspended
from further development. This shows a major cutback
from the original 640t000 hectares.

Columns 5/6/7 show the areas and amounts of land
being carefuLl-y studied, worked upon, or actually in
irrigated production, eirca 1982-1983. This new totaL,
while sualler than the previous one, includes 541000
hectares scheduLed for production on the Upper Khabur.
This latter area does not and will not draw vater
dlrectly from Lake Assad, but rather will depend upon
waters of the Khabur/Habur originating in Turkey. While
all of this land may not come into eventual production,
the total for the main valley of the Euphrates approaches
that cited by Metral of 269,000 hectares versus the
governmentrs estimate of 24or000 hectares.

Columns 8/9/LO of Part III show the amounts of land
actually in production through irrigation in 1982-1983.
This amount is consistent with the slightly larger area
(54,50O hectares) reported in 1986 by Meliczek. It
should be kept in mind that significant amounts of
privately irrigated land were still being fatmed in 1982.
Estimates of these are shown in Table LL.5.

While it may be assumed that such pri.vate enter-
prises will eventually be incorporated into state run
projects, that must remain for the future. Table 11.6
attempts to estimate what the end result will be. It is
somewhat facetiously called a rBest Guesstimaterr, because
of the many political, social, and financial factors
which may intervene, in addition to even more unforeseen
physical constraints upon these projects.

Nevertheless, this table presents what is considered
to be a most likeIy future sj-tuaton. The hectarage shown
for the main valley (259,300 hectares) is thought to be
consistent with the 240,000 hectares figure cited
earlier, but derived with a finer attention to detail.
To this is added the 137,900 hectares planned for the
Upper Khabur. While these latter areas will depend to a
geat degree upon what happens upstream in Turkey, if all
goes optinally there, the land and water is available in
the High Jezirah to sustain this amount of new irrigated
fatmland. ' Thus, while the total may err on the side of
optinism (do not forget that the Upper Khabur portion of
this grand total was not included in any estimate of
hectarage for the main valley), it is this amount of
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irrigated land which has been used to estimate ultirnate
water depletion resulting fron Syrian activities sometime
in the future.

The various depletions which night result from the
several total hectarages discussed are shown in Table
LL.7. Those above the rrBest Guesstimatert in column I are
unattainable. Those figures appearing below it in the
column represent possible interim guantities or, perhaps,
stopping points, if all does not go well. Given these
estimates, it is now possible to return to Figure 11.1
showing the total estj.nated amounts of water to be
removed from the Euphrates River in Turkey and Syria
before entering lraq. As mentioned previouslY, the esti-
mated amounts shown for Turkey appear to be attainable,
although the scheduling of such depletion events will be
extended into the twenty-first century.

Perhaps the safest estimate of realizable projects
for Turkey, all else being equal, would be the conditions
shown occurring between ?OLS and 2020--that is, deplet
tions amounting to 12 r 385 Mcrn/yr. By the same token, thetrBest Guesstimatert removals (61895 Ucm/yr) for Syria may
not occur until the same time, although in this figure
they are shown as completed by 2010. The extreme
depletions shown in the 2000 to 2ooo+ column of Figure
11.8 will certainly not happen as far as Syria is
concerned (i.e., L2,o79 Mcur/yr), nor should such reuovaLs
by Trtrkey (161909 Mcm/yr) be a cause for present concern.
Thus the total figure which may eventually reach Iraq in
2O2O (L4 rL79 Mcmrzyr) is close to the amount asked for by
that iountry (i.g.', 44g cu m/s vs. 500 cu m/s).6

By way of comparison, in the year 2000 according to
this revised schedule (see Table 11.3), Turkish deple-
tions may amount to 6,824 Mcm/yr and Syrian depletions to
approximately 5,7OL li/.cm/yr, allowing an estimated 20r935
Mcmlyr (664 cu n/s) to enter fraq. If the new A1eppo
diversion mentioned in the above footnote has come on

6l further caveat r.rst be nade at this point. Dr. Abdr.dr Oasim, in an intervier lEntioned
eartier (section 8.3), has spoken of an additionat 180,000 hectares of Lard to be irrigatcd in
the northern rd southern Ateppo reEion. l,{eticzek (Tabte 11.6) [ists, hrt does not cmnent
on, a simitar figurc of 212,000 hectares. lJhite tittte else has appeared regardir€ these

hectarages, Patrick seate(4805) (in his biograpy of Hafiz al-Asad, Asad . The struoEte for the

X.!.*!ElgS.!, p. 445) ststcs, [The sixth Five-Ycar Plan, 1986.90,...diverted ELphrates Hater

Hestrapds to the fertite ptains north ard south of Ateppo.'3 lf this has happened or happe.ns,

approximatety 2,5@ llcil/yr deptetion of the river shoutd be edded to the amunts spoken of
here. Thie csdimate is based upon simitar deptetion values for the Ateppo.llaskanah

sub.project discussed eartier (see Tabte 10.4, part 2). Return ftor (RF), that is,
additionatty poltuted H6ter. as opposed to undiverted river flor, routd atso be irrreesed by

1,351 tlqvyr. Hoeever, such RF might be trapped topographicatty near Ateppo, tht[l raising
this deficit incrsnent to 3,86t0 fcm/yr (see note to Figure 11.1).
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diversion mentioned in the above footnote has come on
line by that time, this amount could be reduced to 19rOO5
$cm/yr or 603 cu mrls).

Whatever happens, the quality of such water can be
seriously altered by contaminated return fl-ows. Also it
must not be forgotten that a signi-ficant portion of such
fLow will reach Iraq via the Urfa Tunnels and the Khabur
and Jagh Jagh Rivers, a fact that may present special.
problems for Syria.

Much of uhat has been said above relates to elusive
and nearJ.y intangible events and attitudes, and the
equation may swing in either direction. That is, on the
one hand, profligate use of water with little attention
to consenration or quality will exacerbate the interna-
tionaL situation; sor too, night a run of very dry years
in the catchrnent area. On the other hand, the failure to
attain large areas of irrigated land in either upstream
country would also increase downstream flowi so, too,
would runs of more hunid years.

The salient fact remains that the use of the
Euphrates and Tigris rivers by Turkey, Syria, and Iraq
presents questions, problems, and opportunities uhich can
only become more pressing in the years ahead. Time
exists for the diplonatic negotiations needed to attain
some balanced use of these vital resources, but that time
is growing perilously short. Countries other than
Turkey, Syria, and Iraq may also become involved.

The section which follows explores one hray in which
this might happen.

11.6 Iurkey and tbe l.tiddle East pax Aquarum

A nerr paradigfm is developing in southwest Asia. In
the past, there were trhavetr nations with ample petroleum
resources and nhave notrr nations , which hrere petroleun
barren or petroleum poor. The nations of the peninsula,
as well as lran and_fraq, were essentially the tfhavestt,
while Turkey, Syria/, Lebanon, Jordan, and Israel weretrhave nots.tr But tiues change, and net circumstances
present a dj.fferent paradign in which food production and
security based on ample supplies of water are beginning
to weigh as heavily as petroleum profits in the inter-

7Re""nt discovcries of petrotem and netural g8s near Deir es-Zor may change Syricts posi-
tion vis-a-vis this issr.re.
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national scales. Population pressure in southwest Asia
is forcing the fact to the fore that Turkey is the only
viable Eiource of surplus water in the region and that
on-going development of Turkish and Syrian hydrologic
resources has already made this a critical issue for
diplomacy.

Proof of the above
(excluding the Maghrebi,

that, in the Middle East
percent of the population

depends upon surface waters which cross an international
boundary from some other country and that 90 percent of
the Arabic-speaking world depends upon water from non-
Arab sources. Specifically the population of fourteen
nations (including the UAE as one unit) in southvest AEia
in 1983 totalled 145.7 million. By the year 2000, they
are expected to increase (by consenrative estiuqrte) to
zga niilion, about 61 percent-more (Table 11.81{a870).- (It
should be noted that Sudan and Egrlpt, while included in
the accompanying illustrations, have been omitted from
this discussion, because the Nile Basin countries
represent a separate set of conditions and problems.)

Figrure 11.1, which shows the availability of water
throughout the region, expands upon the above idea.
Attention is called to the group of countries with no
surface water. With the exception of Irag and lran,
these are the trhaveil nations of the original paradigrn.
To their right on the figure is a second group, not act-
ually part of this discussion, which may be consideredrrdependent[ nations, fot, although they are amply suppli-
ed with water, that water comes from across international
borders. Jordan also falIs within this group, for its
two streams, the Yarmouk and the Jordan, are shared with
neighbors. Next are found Israel, Syria, and lraq, which
have some supplies directly under their control--because
of orographic rainfall in the hills and mountains of the
Levant and the Zagros and Elburz Mountains. However,
najor proportions of their supplies flow from outside
their political boundaries. Lebanon and Iran may be
considered independent as far as water is concerned.
Properly managed, those countries have sufficient water
to meet their projected future needs.

At the far end of the graph is Turkey with an abun-
dant surplus of water, all from catchments within its own
borders. (There are three exceptions to this last
statement, namely, the Orontes [Asi], the Coruh, and the
Meric, but they are of relatively slight importance.) Map
11.1 shows,the occurrence of surplus water throughout the
region. From this distribution, the comments made above
regarding self-sufficiency should be apparent.

A note on sources of water other than international
riVers is in order. In Saudi Arabia(4880)(4879)<4878)<4877r<4876)

is
50
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underground aquifiers provide at present spectacular
results and the promise of such in Libya with its Great
Manmade River pr-oj""g(a8B)(48?4,<4875). Thi; cannot and rrill
not last. Just as the United States is on the verge of
exhausting one of the worldrs largest aquifers, the
oglalla iandstone of the Great Plaiis <48rzt ,'so to6 are
there signs that water tables are dropping rapidly
wherever they are being tapped throughout the !'tiddle
East. The Azraq Oasis in Jordan is a minor but
significant exaurfle of this already having happene6(4871).
Such underground supplies are not a solution to the
problem.

By the same token, desalination of sea water would
have to be accomplished at a fraction of current costs to
justify its use for agriculture. This works well for
domestic purposes, particularly where ample supplies of
energy exist as in the Enirates, Kuwait, and Saudi
Arabia, but desalinized water for crop production, such
as wheat and barley, reguires ten to twelve times the
quantities used by cities and industry. Moreover, sea-
water is desalinized at sea level, but it is used on
fields at much higher elevations. In the case of Saudi
Arabia, many of the agricultural areas now in place and
producing are 200 to 500 m in elevation. Punping costs
can become prohibitive under these conditions.

In view of the above comments, a central deveJ.opment
in this complex picture is GAP. As has been shown in the
previous chapters, if every project listed by Turkey and
scheduled for completion within the next thirty years
were to come through, the impact upon the flow of the
Euphrates would be dramatic. In turnr ds Syriats plans
for irrigation and hydropower come on line, additional
depletions will take place from the Euphrates. This
means that GAP will continue to put increasing strain
upon the Euphrates and Tigris Rivers, the two largest
sources of water in southwest Asia.

Given increasing populations, lowering water tables,
and GAP, what can be done? What is being done?

Negotiations between riparian users of the Euphrates
have, in the past, encountered difficulties. At first,
as a result of o1d disagreements, Turkey and Syria had
litt1e to say to each other. That situation has changed
sigrnifiantly since 1987r ds Syrian officials have become
inereasinqtly aware of the inplications which GAP hoLds
for their 'country. In July 1987, Prime Minister Ozal
visited Damascus and, upon his return, announced the
signing of a protocol with Syria guaranteeing a minimum
flow of the Euphrates of 500 cu, mrls across the border at
Karkamis into syria (4882) .
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This amounts to nearly 16 billion cu n/Yr, well
sithin the range demanded by Syria in the earlier negotia
ations. On the other hand, this is the same amount
demanded by Iraq in 1967 (3235) . Syrian use will fall somer.r
uhere between 5 and 7 billion cu m annually. If the
larger figure is approached, then Iraq will be left in
short supply. Thus a further solution to the problem
nust be found. As of December 1988, a full account iE
awaited regarding a tripartite meeting of Syrian, Iragi,
and Turkish ministers in late November to discuss the
problem of sharing the Euphrates I s water(4883)(4884)(4885'(4886) .

In addition to the Tarkish DaiTy lVenrs, Al-Eayat (29
Novernher, 1988) reported that, dt this meeting, little
was acconplished beyond the roinisterial assumption of
direction over a previously appointed technical connittee
intended to review the utilization of the waters shared
by the three countries. By March 1989, the committee is
to determine flow volumes--presumably with regard to both
natural flow and the amounts to be removed by each
riparian user. Turkish Public Works and Housing Minister
Minister Safa Giray is reported to have said that the
committeers formation indicates Turkeyts willingness to
cooperate in the management of technical work on the
uaters of the Euphrates River.

The presence at this meeting of Iraqi Agriculture
and Irrigation Minister Karim Hasan Rida and Syrian Min-
ister of Irrigation Abdul-Rahman al-Madani signifies the
importance placed upon such talks and reflects Turkish
diplouratic ability as well. Less clear is the alJ.eged
demand by Syria that the original 500 cu m/s--noted above
--should be doubled. (fhis latter item may be the result
of inaccurate reporting, for no other reference to it has
been found as of the tine of writing. )

Of much greater interest is A-L-IIayatt s reference to
a meeting between Turkish Minister of State Mehmet Yazar
and Syrian Deputy Prine Minister for Economic Affairs
Salim Yasin in Ankara early in November. It is reported
that an accord was signed at that time calling for thejoint construction of a dam on the Euphrates River on the
Syrian side of their mutual border. At first grlance,
this night appear to be the Tishrin Dam (nentioned pre-
viously in thj.s study), construction on which is
scheduled to begin in 1989 and to be completed in L992.
(This dam corresponds to the Yusuf Pasha Dam, which was
proposed for a nearby site, but never built.) However,
the artield continues that, to date, "no feasibility
studies or surveys have been carried out.tr ?his excludes
the Tishrin Dam from consideration and indicates that it
is possible that a new dam is being proposed.
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The question then beeomes: where night such con-
stnrction take place? Any impoundment of water in Syria
upstreau from the Tishrin site would very likely flood
Turkish territory, and, since the Karkamis Dam is planned
in Turkey close to the Syrian border, one possible con-
clusion is that the Turks may have decided, for both
diplonatic and austerity reasons, to scrap the Karkamis
program in favor of something south of their border.
Ttris would have little effect upon cAPts total planned
productivity or upon river flow, for the Karkamis was/is
to be solely a small hydroelectric facility with
estimated water depletion resulting from evaporation from
its resenroir amounting to about 57 ltlcm/yr (see Table
10.4.) Moreover, sinilar or greater losses night occur
from a more southerly reservoirrs being built in Syria.
Thus the overall change in effect upon the Euphrates--and
upon the conments made in this analysis--would be neglig-
ible.

According to AJ.-IIayat, Turkish Minister of Finance
Ahnet Alptemocin, in a speech before the National
Assembly in late October of 1988, announced that naJor
expenditures $rere to be |tminimizedtt, except . in health
senrices, fuel oil, and fire prevention, and that only
essential investments in infrastructure and defense would
remain untouched. The Ataturk Dam uas one such program
to be spared with its completion date remaining 1990-
1991. In the same vein, irr unspecified State Planning
Office spokesman announced that investment in major
infrastructural projects which have yet to start will
either be much delayed or set aside indefinitely. Evenprojects relating to GAP which are underway will be
rescheduled with later completion dates, the Ataturk Dam
and Urfa Tunnels being exceptions to this decision.

Returning briefly to the question of cooperation
between the three riparians, the possibility of success
in these matters seems to be increasing. This is con-
firmed by Syrian Arnbassiador to fuikey Abdul-Aziz
al-Rifalts 1986 statement to the Turkish press, trTwo
neighbors do not struggle for waterrrr and Iraqi Ambas-
sador to Turkey Tariq Abdul-Jabarts statement in the same
article, xThe waters of.the Euphrates and Tiqris Rivers
will bring us a little closer t-ogetherrr (4881) . -

Early j.n L987 Prime Minister Ozal suggested an
anssrer to the escalating water shortages of countries to
Turkeyrs south. This is his trPeace PipeJ.inett, which
would carry water from the Seyhan and Ceyhan Rivers as
far south as Medina and Mecca in the west and from the
Tigris River in Turkey to the UAE in the east (!Iap L1.3).
The international eontractors Brown and Root have already
presente.4-_. an introduction to a feasibility study of this
ProJect(4887).
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Their initial presentation suggests 3.5 Mcu per day
(1.28 x 109 cu nTyrt of water fi5wing south 1n tha
western pipeline (Map LL.z) and 2.5 Mcm per day (0.9 x
1oe cu qy'yrt in the east. Various reports give the
combined cost of these ventures at between $17 and $ZO
billion. Bechnologically feasible, theEe seemingly
expensive Lines could deliver water--according to Brown
and Root--at one-third the cost of a sinilar desalinizea
quantity.

WhiLe Premier Ozal has not mentioned conpensating
for GAPrs depletions, if and when they occur, sinilarj.nter-basin transfers originating in Turkey could solve
in a reasonable way the pioblem 6an presenls. Map LL.z
shows the distribution of surplus waters throughout
Turkey. Each slmbol indicates the total amount of sur-
plus after evapotranspiration and other natural losEes
have been subtracted from estimated precipitation. lfhe
eurpty portion at the top of each s1mbol is the amount
estimated that wi}l be consumed by agricultural and
domestic activities. Some river basins wil,l need
augi'mentation. The cent,ral, west, and northwest parts of
the country are already suffering water shortages. The
south and east, however, have ample surpluses capable of
satisfying both Turkeyts needs and those of its southern
neighbors. Some caution must be exercised with this
initial, and adnittedly rough, estimate. This is indi-
cated by figure 11.3, which correlates the total surplus
remaining in each basin after anticipated depletions with
the total available run-off before in-basin use.

The Euphrates and Tigris Rivers have sufficient
surpluses (according to the data provided by DSI--see
Table 11.9), but are further committed to downstream
usersr ES is the Coruh. Any basin fatling within therrbefore and afterrr, less-than-five-bil1ion-cubic-meter
category will probably need some supplementation in the
future. Those having original flows of between 5 and 10
billion cu m can probably get by, but have little to
offer the others. . This would be especially true during
runs of dry years. It should be noted that the Seyhan
and Ceyhan Rivers are in this marginal category,
prompting qtrestions about their suitability for use as
sources of water for the rtPeace Pipelinerr, particutarly
in view of the water shortage that may develop in Hatay
along the Orontes (Asi) River as dams are built by the
Syrians at Zwizun and Kastun (!fEED, 11 November, 1988) .
Much more . hope can be attached to the Eastern
Mediterranean and Eastern Black Sea Regions. But, in any
case, the fact remains that, properly managed, the water
resources of Turkey could alleviate much of the water
shortage in the Levant and the Peninsula.
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How real a possibility is the rrPeace Pipelinert? Are
the Turks serious and whatts in it for then? An unusual
insight may be gained from the writings of Korkut Ozal,
the younger brother of Turgrut OzaI and co-author with hin
of a paper, tron the Principles and - MethodE of
ttydroelectric Development Planningrr (4888) , aJ.though
referenee here is made to an independent article by
Korkut OzaL, ttDevelopment of the Euphrates Basin in
Turkey--a Case Studyi <3743' . One wondeis if he had not
consulted his older brother before corn'nitting his ideas
to print. He wri.tes:

Generally speaking, cooperation between the coun-
tries within an international river basin is indis-
pensable to resolve conflicts and to increase €con-
omlc efficiency of resource utilization.... The
settlement of international water disputes cannot be
made according to international law. Such law does
not and cannot exist. It becomes therefore the
responsibility of the concerned countries to develop
a solution to their own problems. This is usually a
delicate task, since it is an operation of finding a
point of compromise for many diverging claims and
demands which normally have their origin in contro-
versies other than the one under discussion. These
other controversies may even involve issues which
may be regarded, by concerned countries, as issues
pertaining to national prestige. Under such diffi-
cult conditions, speculative attempts to resolve aL1
these conflicts in a single negotiation are bound to
fail.... However, those failures should not be
considered as indications of the impossibility of
cooperation in international basins. The Turkish
experience gained on its international rivers with
the USSR and Greece suggests that, by a carefully
planned seguential approach to the problem, con-
structive and successful cooperation can be
achieved....

There is a strong elernent of hope and rationality in
these words.

Whatrs in all this for the Turks? By making life
more secure for their southern neighbors, they would be
able to secure, in turn, their southern flank. This
would make GAP and its arnbitious goals more attainable as
well as allowing the redirection of more resources to
domestic affairs. It might even mean that, through
closer relations with the Syrians and the Iraqis--not to
mention the Jordanians and the Saudis--Turkey would be in
a position to act as an inter:nediary between various
interested groups, not excluding the Americans, who wouLd
find it to their advantage to accept a more quid pro gluo
relationship with their NATO alIy.
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And courd the Arab nations possibry accept beingdependent upon the Turks? rii=[, -.i; water suppriedwould be a supplement, not the entiie supply of anycountry. Irro-reover, the Turks have i".g uelir 'dep-ndent
upon the Arabs_ for petroreun and i".-t[" roans to buythat much needed -"rr"1gy. rt is *"=[-""ii*"ry that Turkeywourd be seen as_having trrg same ambitious intent for theentire lrriddre East is ,ight trr"'IJ.ii.rt union or theUnited States.

speculation on such matters is the realm of thepoliticar scientist and trre aipi.r.t.- However, given thegrowing thirst of the soutrreln i;;dr, the water to thenorth, and an increasincly undeniabre need for coopera-!i""- among atr . the "ooiiii"= G;;r;Ja' i' such a ,,peacePipelinerr, it is quite clnceivabr; itrat we wilr see inour rifetime .a. yai aqua.r, ir, ahi; puit 
"r the MictdteEast, one in which rurfley wiri piiv-.il-inportant role.



Tabte t't.1

c'AP, cotrrPARATlvE HECTAMGES ro BE TRRTGATED: 19Bo AND 1987
(ln Hectares)

Localion 1980 l9g7

Urfa-Hanan 1S7,OOO .t42.000

Mardin-Ceylanpinar 14O,OOO (gravity flow) ISO,OOO (gravity flow)
192,@0 (pumped)a 178,ooo (pumped)

Siverek-Hilvan 1O4,3OOBozova ss.3oocombined 219,600 21S,Ooo

TOTAL 7o8,7oob 685,000

Source: tggo data lrcm Gep(308't); t 9g7 dara lrom cumhuriver(4890), seprember i 7-19, 19g7.

aThese liguros conespond to th6 Derik-Mardin area.
b For a complete listing of proieas see Table 10.4.



Table 11.2

A SUB.UNIT IN THE HARMN PI.AIN IRRIGATION AREA

Ahmet Aydeniz
Sanliuda lnQation

2d Division Construction
Celik Kalip Workshop

Unit 1

General Direclorate ol General Hydraulic Works
XVth Region-Sanliurfa Plain lrrigation

Engineer: Ahmet Aydeniz
Estimared Cost: lo,goo,ooo,ooo TL
Discounl: 2.68o/o
Discounted Contract Cost: l0,00S,42O,OOO TL
Area to Be lnQated: 24,920 ha
Small Manu{actured Channels-Total Length: 700,035 m
Mlctd ChannelProduction Capacity: 600 m/day
Date ol Work Completion: 30/10lg0

Assofied Types ol Small Canal Lines 4O2
Siphons 1,502
Canal Separalors (i.e., tlow diviriers) 54
Chutes 19.1
CanalEnd Struclures 4Oz
CanalElbows 831

Sourca: lnformation translated verbatim from a signboard south of Urfa near Harran.

Authors' note: Cost per hectare - 401 ,501.6 TL.
Cost per m6terol canal - ,1.4,292.2 TL



Table 11.3

GAP PROJECTS AND RIVER DEPLETIONS-REVISED ESTIMATED SCHEOULE
(Depletions in trlcm)

Ys3F

1988

1988

1990
1991
1992.199s

Post 1995

2000

2005

2010
20't5

2A20

Prciecta

Keban ResorvoiP

Karakaya ReservoiP

Small upstream projecis
Alaturk Reservoir
Harran Plain
Misc. smallproiec;ts

Mardin€eylanpinar
(gravily flow)

Misc. smallproiecits
Derik-Mardin-Ceylanpinar

(pumped)
Siverek-Hilvan (pumped)
Bozova
Misc. smallprojeas

Karkamis
Birecik
Goksu
Araban

Adiyaman-Kahta
Gaziantep (pumped lrom

Birecik Reservoir)
Siric-Baziki
Misc. remaining projects

Estimated Total

Deoletion

986

{ts

241
1,471
1,688

232

1,606

165
2.1s7

1,539
595
215

57
113
344
247

1,433
547

1,567
967

Aggregate

Total

986

1,42'l

1,662
3,133
4,821
5,053

2025
2030

2040

6,659

6,824
8,981

10,814
1 't,409

11,624

1 't,681

1 1,794
12,138
12,385

13,818
14,365

15,941
16,908

source: Table 10.4. see text lor comments on sequencs and timing of evEnts.

a Matching ol dates and projects conjeclural except lor .l9gg.

b ln place, having been eompletEd earlier.



Table 1 1.4

ESTtltr/ATED PRO,ECTWATER DEPLETION AND RETURN FLOW
FOfi THE SYRIAN EUPHMTES AND TRIBUTARIES
(Areas in h€ctares; water llows and losses in [ilcm)

Project

Name

Sajur

Tishreen Dam
(reservoir evap.)

Aleppo
diversion

Lake Assad
(reservoir evap.)

Baath Dam
(reservoir evap.)

Maskanah

Balikh #1

Middle
Euphrates

LowEr
Euphrates

Upper
Khabur

TOTAL 460,300 3,298.3 7,893.9

Source: gs1p1(4869), Table 1, p. 119.

a Depletion rate in cu mAa/year is shown in parentheses.

80.2

.t,570.0
1,570.0

t.
Proposed in 1977

lrrigated Relurn Water

AIgea Fbw Loss

???

157.S

116,000 783.4 1,45s.0
(12,s4s)

191,600 1,109.2 2,O6o.s
(10,7s4)

29,700 280.5 soo.o
(16,83s)

123,000 1,115.2 2,A70.7
(16,83s)

il.
Proposed/Actuat 1 982-83

lrrigated Return Water
Area Fbw Loss

???

74,300 591.2 932.1

1 06,000 613.7 1 ,1 4o.O

29,000 273.9 488.2

s0,000 4s3.3 841.8

ilt.
ln Producrion 1982-83

lrrigated Retum Water
Area Fbw Loss

???

80.2

1,570.0

??

80.2

54,000
n2.o17)

313,300

24,300 163.9 304.8

17,000 98.4 182.8

12,000 108.8 202.0

349.4 648.9

2,180.5 5,701.2 53,000 371.'t 2,339.8



Tabte 't 1.5

PBOJECTAND PRIVATE DEPLETCIN AND REruBN FLO\AF
IN THE SYRIAN EUPHRATES AND THIBUTABIES

(ca. 1982-83)

Hioh Private Fstimate |.qg private Estimate

Depletion Rate 13,379 cu mrhab tg,37g cu mlhab

TotalArea 196,000 ha 176,500 ha

Total Depletion per Year 2,622.1 Mcn, 2,361.2 Mcrn

Proiea Area 53,300 ha 53,000 ha

TotalPrcioct Deptetion 2,339.8 Mcmc 2,339.8 Mcmb
per Year

TolalDepletion, 4,961.9 Mcm 4,701.0 Mcm
PrivatE & Public Use

Sources: Calculations by aulhors.

a Prolea depletion based on "in prcduclion, figures, col. 10, Table 10.5.
bAverate of lhree depletion rates; se€ cot. 2, TablE 10.4.
c lncludes Lake Assad and Aleppo diversbn.



Table 11.6

PUBLIC PHOJECTAND PRIVATE WATER DEPLENON AND REruRN FLOWS
UPON @MPLETil)N OF ALL PRG'ECTS-BEST .GUESSTIMATE€

Project
Name

Sajur

Tishreen Resenoir

Aleppo Diversion

Tabqa Dam Reservoir

Maskanah

Balikh

MUdle Euphrates

Lower Euphrates

Sub-total

Upper Khabur

(See Table 10.4)

TOTAL

Land lnigated
in hec{ares

74,300

106,000

29,000
(16,83s)

50,000
(16,83s)

259,300

42,000
(12,s4s)

49,450
(12,54s)

46.450

397,200

Retum Flow
in Mcm

501.2

613.7

262.9

2153.3

1 ,831.1

260.0

648.0

combined

2,739.1

Total Water Lo*s
in Mcm

?

157.2

80.2b

1,570.0

932.0

1,140.0

488.2

841.8

s,209.8

483.0

1,203.0

combined

6,895.8 +

?c

...evaporation f rom surf ace...

...evaporalion lrom surface...

SourcE: Meliczek(4569), taUte 1, p. 1 19, and Table 10.4, this study.

a All private shares are assumed to be integrared for this estimats.
b.Rapio urbanization of the Aleppo area will undoubtedly increass this figure. Also, Meliczek lists but does notdiscuss 212'000 hectares in the Aleppo area ihal may possibly be irrigated all or in part. Such a development
would, naturally, dramatically increase the ligures shown hErein.



Table 'l 1.7

WATEH USE ON THE SYRIAN EUPHRATES..POSSIBLE WATER
DEPLETIO}.IS AI.ID RETUBN FLOWS FROM VARIOUS ESTIMATES

Estimare rffiffi:. -"l,llff- alffi:*
Highest Ptanned Estimare 7s2,9oo s,s3o 1i.,otg(Table tO.4)

Proposed but Unrealiz€d 4OO,3OO 3,28g 7,894(TaHe 11.4, No. t)

Best'Guessrimare' 397,200 21gg 6,g96(Table 11-O)

9{"*"y and lnigared g1g,3oo 2,1g1 5.701Table 1't.4, No. ll)

lniTated: 1982-Bg

HQh Estimate, borh pubtic 249,gOO 4,969and private
(Table 11.4, No. llt)

Low Estimare 229,gOO 4,701

Source: Tables 10.4, 1 1.4, 1 1.6 ol this study.



Table I t a

PoPUt'ATlo{ 1983 ANo Esrll/ATEo PoPut-ATtoN GRowrH To 2ooo
IN MIDOI.E EASTEBN AI.IO I.IOFITHEAST AFRICAX COT.IXTNTCS 

-'

cqrrtry

UAE

(wri t
S.uil Ar.bia
Onn
YarrEn An

Yrnn tDt
(L ibyl I
(Es)Dr)
(Srdrnl
Jordaa

I 3ra.t
Syrir
I roq
Lcbrrrcn

I rln
Isrlcy

Pogrt.tiar 1963

, .'d_

!.2
1.7

t0..
t.t
7.6

e.0
(3.6)

(65.2)
(20.6)

3.2
6.1

9.6
la.7
2.6

.2.5

_(5.0

E.t. ,s,r(.risr 2000 I :h..lt
rrt06

Iotr t
( t.!! L./E./S )

lota t
( inctrding L/E|S)

1.5.7

2r5. r

2.0
1.0

19. r

4.0
12.0

1.0
(7.0)

(6f,.0)
(I1.0)

6.0
t.0

17.0

26.0
1.0

7.t .0
55.0

234. C

337.3

67
76

E]
8a

5E

50
( 106)
(19)
(59)

E7

??

77

77

15

57

al.

60.6

36-7

Sourca: tlortd OevelocrrEnt geoort, Uortd Sank (oxf orct Univars i ty ,r6s, lgg5).



Table I 1.9

THE NA'ENTY.SIX ORAINAGE BASINS OF TURKEY:
TOTAL RUiIOFF ANO SURPLUS RUNOFF, ca. 2OOO+

(in lvbm)

9

l0
l1
12

13

Yo. {!ilri

? raric
2 {rriErr
J Sqsurtul
. (uray €Ea

(ta Acgc.n)
5 icdi I
6 (ucrJk tlrrtcrct

(Littt. I.nd.r.r)
7 Sunll rrtEerer

(Bi9 ilGrELrar)
I ttar i AtdGni t

(U xcdi tarrtncrn)
Anr.tya
Aurdqr
At.rcay
Sakaryr
B.!i (ar.dani!
(Y 3l.ck S€.)
Y.!iI irmk
(izil, trnrk
(ony!
Cogu lkdcni:
(E lrc{i tarr.nc.n)

i6 Scyh.n 7,0@
19 Asi (Oron..r) I,ZOO
ZA Ccyhan 7,210
?1 Firat (Er.phrrtcs) I3,4E0
2Z Dogu (rrrdcnil 16,000

(E 8t.ck Ser)
23 ConJr 6,L&
24 Arls 5,j60
ai vrn Z,S9O
26 Cicte (Iigrir) ?1.ttO

?orAL r6a.730

?otat
lurof I

I ,250
;.620
5, J50

2, e00

1,E10

r, t20

?, ero

7,760

I 1 ,2(0
110

{50
6, 030

10,060

5,5(o
5,200
1,160

12,270

Iarira tof
lrricrtlcr

&11.6.
t00. 23

1 ,7U.71
g:te.l9

t,Joll.30
l1 .50

2. t26.6J

1 ,175.92

1,92E.79

3r2.16
74E.1

2,*.13
95 1 .66

3,e6r.1E
t,,973.20

2,.39.2.
712.13

3 , 426.33

r , 165. 76

l,6t 5 . .E
1t,06E.67

9.24

w.17
2,863.52

676.11
5 . ?53.36

59,250.32

oaatic
Ura

50. c

629. C

1L7.2

16.0

0.5
12E.0

..

822-c
rE.5

127.0

96.0
lZl.9
$.6

s2. s

io!a t
u!a

691 .5
;,129.2
t.35t.9

357.i

l.30E.s
:59.5

2,t26.7

t,173.9

r,926.S
312.:
7(E.3

l, i86. r

970.J

3,189.0
5 ,07i.2

e5l. 1

77E.7

3 ,.26.3
t, t65.8
3,615 .5

15,15t.2
9.2

3(r,.2
2,863.5

576.t
5.253.!

61 ,7m.L

Sr.rptl.
lulrt

$t
6,291
3 ,69t
l, .96

501

961

6e3

6,585

9,frt
-2

- a9E

2,54
9,07D

2,lil
1,121

3,c97
1 1 ,49.t

1,634

v
3, 594

16,3?9

tJ, gg1

5,@6
2,676
1,914

r6- 5t7

rzl, t@

ir,l.Dtla ta
t ot tottt

La.6
84.6
55.1
6l .0

27.7
E.8

21. r

Ita.9

E2.8
. 0.6
.66.2

.2.2
90.3

It.6
tE.l
e2.2
93.7

tt.5
2.3

69.8
,1.?
90.9

94.1
(a.1
75.7
75.9

66.5

:5
:6
t.

2,520.1

Source: pgl(a860), chapter s. Values in corumns 2-5 compured by these authors.

a DSI gives two ligures for irigable land. The smaller figure under "Benelits after development" has been usedto compute these values- An average water loss ol ine cubic meler cer sguare meter has been taken asaverage depletion lor Turkey, a ligure based on computations for the Euonrates river basin by these authors.



None of the Euphrates records cited represents .henatural river f10w. rn order to esti-mate the average"naturaI" river f10w, it is necessary to add the amountsof water diverted to the flow *."",riea at 
"o*" fo:"r,tbelow all major tributaries. using figures from thereport of Hathaway, Adams, and Clyde_-_in which estimatesof j-rriqrat.ion divLrsions in_ ru,rke-y, syria, ."d -i;il aremade--it is possible t,o calculate'at estlmated naturalriver flow-

Di-versions were est imated as net divers ions aftertaking into account "return f 1ow,, f rom irrigaCed r"'ra"whose areas and cropping patterns were made available tothe authors.

Appendix B

Natural River Flow

CALCUI.ATION OF AVEMGE .NATUML' FLOW
OF EUPHRATES RIVER AT HIT, IRAQ

(Milliards ol Cubic Meters)

Month

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
sep
Oct
Nov
Dec

TOTAL

Measurod River
at Hit. lrao

1.86
't.94
3.14
5.77
6.5.4
3.27
1.48
0.86
0.73
0.90
1.2'l
't.54

29.24

Diversions
in Turkev

0.00
0.00
0.00
0.07
0.17
0.30
0.37
0.33
0.18
o.o7
0.00
0.00

1.49

Diversions
in Syria_

0.05
0.07
o.24
o.24
o.37
0.46
0.s2
o.44
0.29
0.14
0.09
0.05

2.96

Tolal 'Natural'
River at Hit

1.91
2.O1
3.38
6.08
7.08
4.03
2.37
1.63
1.20
1.11
1.30
1.59

33.69

Source:GailA.Hathaway,HarryW.Adams,andGeorgeD.Clyde,@
Problems' Keban Dam-Euphrates River, Report to IBRD (December 1965), as gir"n iict q(3ffi),p. 205.
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