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Abstract

The vast Southeast Anatolia Project (GAP), reviofakthe Upper Mesopotamian civilizations, is for the
largest part articulated on the Atatirk Dam amahliurfa Tunnel & Feeder System. Fifteen yearsréfie
commissioning of the Atatlrk Powerstation and tearg after the Euphrates water started to flonhen t
Harran Plain for the first time, this major devetmnt is outlined by some of the original solutions
witnessing the ambitious planning and technologye®s. These solutions could also inspire other
developers involved in similar projects.
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INTRODUCTION

Draining the North-Eastern Taurus range, the Euphrand the Tigris Rivers demarcate in Turkey the
Upper Mesopotamia, extending more downstream itayrd Irag and building finally the "Shatt-al-Afab
that likely inspired the Biblical vision of ParadisFor about three decades, the Turkish Governigent
implementing in this area one of the most fasamptvater developments of modern times: the Southeas
Anatolia Project (GAP). The exceptional potentighergy of land, sun and water of the two rivers was
predestinated for implementing the Atatirk Dam #mal anliurfa Feeder System, heart and aorta for the
whole GAP, which, in turn, implied the executionmimerous modern infrastructures such as highwags a
factories. Aiming at improving the quality of lifi@ this poor area, the Project reflects a combamatf
technology with a chain of studies including enmiment and cultural heritage. Having often to beabrds
and invent groundbreaking solutions, thanks tolibelet Su Isleri's support, the craftsmen assodittghe
planning and realization of this development coalsb comply with their conscience for environmental
harmony. The following presentation will not exhéuely relate all interesting technical issues bist
extraordinary Project but will attempt to illuseahese aspects, helping perhaps to relativizentbkeading
impression left by some infant deficiencies repbity tendentious European media. Before descrithiag
selected innovative solutions, the main systemsaterelated to the Euphrates Rivare overviewed i.e.
the Atatirk Dam and anliurfa Tunnel & Feeder Projects at the first plabut also the Yaslica Tunnel &
Pumping Station Project that is a kind of repli€#éhe former at smaller scale.

HISTORICAL BACKGROUND

Initial project framing were carried out in the §0giving the priority to harness the lower couoehe
Euphrates River, between Keban and the Syrian hofig dams were initially contemplated: Keban;
Karakaya, Goélkoy, Karababa, Birecik and Karkamighwwo main pumping stations at Bedir and Hilvan.
Later on, to avoid the construction of the Bedimping station, DSI decided to give up the Goélkdynday
raising the Karababa dam at the elevation contaeglimr Golkoy, i.e. with the same head (184 mjhad
implemented at Karakaya, this initially called Hi¢farababa Dam becoming then the famous Atatirk
Project. The construction of both the Ataturk Damd ¢he anliurfa Tunnels, masterpieces of thenliurfa

1 The Southeast Anatolia Project is a huge developrimeluding e.g. many hydraulic structures suchdams, powerplants,

pumping stations and canal systems depending oEuphrates as well as on the Tigris, among whichynwf them are still
outstanding.
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Feeder Scheme, started at the beginning of the BBltst the Atatlirk dam crest was reached in 1880
the first unit commissioned in 1992. Even if thanpbetion of the concrete lining works in one access
gallery and the commissioning of thanliurfa HEPP are still outstanding, water from Atatirk Reservoir
started to flow in the Harran plain in 1995 aftezating 2 temporary steel conduits bypassing thecttres
still under construction.

OVERALL DESCRIPTION OF THE SCHEMES

Located downstream of Keban and Karakaya, in thimate foothills of the Anatolian range, the At&tur
Dam is the third large development step along tiyehiEates (Plate 1, Plate 2). Due to geological itiomd
including the proximity of the Bozova fault, thendasite could not take advantage of the Karababgegor
having to be shifted upstream of it.

The anliurfa Tunnel & Feeder System (Plate 3) ensunesconveyance of 328%a between the Atatiirk
Reservoir and the main canals supplying the 4 larggation perimeters: Harran,anliurfa , Mardin and
Ceylanpinar. Currently, this system supplies thasquotality of the 130'000 ha net irrigation ardathe
Harran and anliurfa perimeters with a rated discharge of 12%snOnce all infrastructures in the Mardin
and Ceylanpinar perimeters will be completed, it sapply a total net area of 400'000 ha. It cosgsithe
following structures:
The Ataturk Dam (Fig. 1, Fig. 2): 184 m high ardmed rockfill dam.
The Approach Channel (Fig. 3): 3.14 km long andn8@vide natural channel stabilized with basalt
riprap.
The anliurfa Tunnel Inlet Structure (Fig. 4): 2 gateanibers equipped each with one 7.1 x 6.5 m roller
gate allowing a rapid emergency and long-term reaisce closure of the 2nliurfa Tunnels. The gates
can be lowered manually (by their own weight) aldwen the Tunnels are operating (for the case of an
underground collapse or hazard on the downstreaes)ga\s additional safety measure, this arrangémen
Is supplemented by upstream stoplogs (for instamdecilitate interventions on a jammed roller gate
One set of stoplogs only is available since sutdrientions are unlikely to occur simultaneouslpath
Tunnels. One single gantry crane serves both deteloers for stoplogs operation.

The anliurfa Tunnels: 2 twin pressure tunnels @ 7.62m 26.33 km long.

The anliurfa Tunnel Outlet complex (Fig. 5): 2 separgate chambers equipped each with hydraulically
operated Radial Service Gate and Roller Guard Géte.Service Gates, being easily accessible im thei
raised position, can be inspected, serviced orinegbawithout interfering on the tunnel operation.
Remaining under pressure in its raised positioa, Guard Gate is complemented by a horizontal gate
allowing inspection and maintenance work on ther@uzate without emptying the tunnel. Stoplogs are
provided at the downstream extremity of the chamoginecting the gated section to the stilling hasin
They are used in case of tunnel inspection or ma&jpair to the Service Gate. Given the importarfce o
these gates on the system operation, an emergersgl@enerator is available, which also serves the
equipment and devices of the Control Center in chgower supply failure; Theanliurfa Tunnel Outlet
Control Center (SUTOCC), from where the wholenliurfa Tunnel & Feeder System as well as the
Yaslica Tunnel & Pumping Station can be controllai$o designed to control and monitor in future all
irrigation perimeters supplied by the Euphratesewand, possibly also, from the Tigris); Thanliurfa
Domestic Water Pumping Station (Fig. 6) provideatétk Reservoir water to theanliurfa City Water
Treatment Plant.

The Stilling Basin (Fig. 6): 84 m wide and 284 nmdocanal, which is partially stabilized with post-
tensioned anchors.

The Main Outlet Canal (Fig. 7): 3.9 km long coneréhed canal with 8 m depth and 36.5 m width
terminated by the Mardin Regulator.

The Mardin Regulator: 5 x 6.80 m radial gates auilihg the 204 i¥s Mardin/Ceylanpinar Main Canal
supplying water up to a distance of 200 km.

The Harran/anliurfa Branch Structure (Fig. 8): smooth tramsitofftake tapping 124 ¥#s from the Main
Outlet Canal to theanliurfa HEPP Headrace Canal.

The anliurfa HEPP utilizing the 50 m drop availabldla head of the Harrardnliurfa Branch (Fig. 13,
Fig. 14, Fig. 15, Fig. 16): 50 MW HEPP, equippedhw of the worldwide largest horizontal Francis
turbines (2 x 62 rifs).

The Headrace Canal: rectangular reinforced conceetal embedded in an alluvium fill.
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The Forebay and Power Intake structure (Fig. 9, . 16.70 m wide and 55.50 m long basin with 2 x
55.6 m long side crests ensuring the natural Isagllation of the Main Outlet Canal System whenever
the anliurfa HEPP is not operated.

The anliurfa HEPP Bypass Outlet (Fig. 11): 2 x 5 m widén chutes conveying the water from the
Forebay side crests to the powerhouse stillingbasi

The Powerhouse Stilling basin (Fig. 12): 13 m dé&3om long and 59 m wide basin stabilized with post
tensioned anchors.

The Tailrace Canal (Fig. 18): 3343 m long and 28v@ide concrete lined canal.
The Harran Regulator (Fig. 17): 4 x 4.5 m radiakgaontrolling the 85 ifs Harran Canal (Fig. 19).

The anliurfa Regulator (Fig. 17): 2 x 4.5 m radial gat®ntrolling the 39 ffs anliurfa Candl (Fig.
20).

Smaller, but actually similar in the general coricepcept the higher level of the irrigated areguieng
pumping 22.5 s over 30.5 m, the Yaslica Tunnel & Pumping Stat8cheme (Plate 4) also taps water
from the Atatirk Reservoir, via a 1.49 km long tehrBival regulation is being implemented in theima
canal, whereas middle and high pressure sprinidegsly enhances irrigation by gravity (Fig. 30hi§ kind

of pilot project comprises the following structures

The Tunnel Inlet Structure: a gate chamber equipygtda winch operating a rolling trashrack, ashasl
an overhead traveling crane operating both thdags@nd the rolling guard gate.

The Yaslica Tunnel: horseshoe pressure tunnel @m.8nd 1. 49 km long terminated by a dead end.

The Pumping Chamber: downstream part of the hoosephessure tunnel with a width enlarged by 2.20
m over a length of 80 m housing 17 submersible mmtonps.

The Collector Canal (Fig. 27): open-air formed aete canal with 3.70 m depth and 7.40 m width fied b
the 17 pumps.

The Conveyance canal (Fig. 28, Fig. 29): 425 m lexignsion of the Collector Canal feeding the 3 km
long Buffer Pool Canal terminated by the first riedgor.

The Control Building: open-air house shelteringaalkiliaries and control equipment for the 17 pumps
including the data transmission to the SUTOCC.

CONSTRUCTION OF THE ANLIURFA HEPP WITH SPECIFIC LAYOUT CONSTRAINTS

The development of enormous irrigation areas lii@sé of anliurfa and Harran was logically planned to
extend over a long period (a minimum of 6 yearthaoriginal GAP planning) so that the installat@frthe
power generation equipment could not be justifiedh® time of the construction of the powerplant.
Normally, building a powerplant without the powearngration equipment workshop drawings is considered
not feasible. Thus, the dilemma was either to btild powerstation with equipment, it being likely
uneconomical, or purely and simply giving it up.

Many alternatives solutions were therefore scratidito attempt building the powerplant without Imgvi
available the final design of the electro-mechdrécgipment.

Straflo turbines were initially considered and wbbiave undoubtedly represented an excellent satutio
the more because the Atatirk Reservoir water s @fesediments and maintenance works could have
been easily carried out during the winter perioéwthe power generation is discontinued. Howeber, t
developers of the Straflo concept were not supmgrthis solution, arguing that experience was too
scarce to risk a 50 m head.

Vertical Francis would have allowed a rectilineaydut of the power conduit from the vertical shaft
down to the connection with the spiral case. Thegryplant would have been fully conventional, but it
would have required substantially higher civil wenkith deeper foundations, as well as completion of
most of them, whereas the generating equipmengnlésiargely dependant on the manufacturer.

Vertical Kaplan similarly to the Straflo turbineould have had the advantage of requiring a religtive
small powerhouse volume with flexible operation ditions. However, they would have required more
care and skill for maintenance.

Bulb would have induced an excessive generatomweland mechanical weaknesses.
S-type might have been subject to excessive vinati

2 Design of Mardin, Harran andanliurfa Regulators as well as Tailrace Canal weteobElectrowatt/Dolsar scope.
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Under these circumstances, only horizontal Fraooigd be reasonably considered, but this impligcakp
diameters beyond the range of ever made horizéméaicis machines (maximum 2 units due to powerhouse
space restrictions).

Besides, the costs had to be minimized to complth withie economical constraints set by a delayed
availability of water. Therefore, a completely ngawerhouse design concept has been developed from
scratch, namely to define the simplest and theueksminous first stage casing structure that wqusd be

able to roof the units (Plate 5).

By accessing the units through large hatches wsig@ntry crane rolling on the roof of the machiaé and
straddling the hatches, the powerhouse could beipatly confined below the tailrace water leveducing
the open-air part to the gantry crane.

Eliminating for safety reasons all kind of downatre controlled pressurized concepts to achieve, in
emergency cases, the release of the Forebay frisesuflow, a chute concept discharging into the
powerhouse stilling basin was selected as "Bypaske

Being obliged to keep the Mardin Bridge trafficaliering the whole construction and, on the otherdha
aiming at achieving an architectural unity, 2 syrtnmoal Bypass Outlet chutes were provided, the Uy
which was ruled by the bridge piers.

The limited availability of foundation rock downsam of the bridge represented a critical desigrstcaimt.

It restricted not only the location of the powerkewownstream, but it was also ruling the excamathdahe
bridge area. With these severe geotechnical camstrantegrating the transformers inside the aantr
building and locating the latter on a large berraiast the vertical wall of the excavation behind #tcess
platform, thus achieved an optimum solution, ndy atructurally but also architectonically.

The layout of the 2 units having to comply with #mea served by the gantry crane, the latter bafiged

by the distance between the 2 chutes (34.5 m), momsymmetrical layout of the unftsappeared
unavoidable. This disposition required a 90° cwf¢he conduit upstream of the turbine, whereasdtiadt
tube became rectilinear. With regards to head &gabeés layout is therefore equivalent to a conioera
one, provided that special skill is applied in degig the conduit shape so as to avoid an influefidbe
rotating streamlines on the turbine efficiency. sTlionduit shape can be realized either verticaily o
horizontally, the latter being obviously preferafe geological and dewatering reasons.

REALIZATION OF THE YASLICA 10 MW PUMP SCHEME DODGIN G THE CONSTRUCTION
OF A PUMPING CAVERN

Similarly to the anliurfa Tunnel & Feeder Scheme, the Yaslica Ptagj@ned at building a complete feeder
system, minimizing the civil works capital costs accordance with a delayed implementation of the
electromechanical equipment governed by uncerggndibout the construction schedule of the irrigatio
perimeters. Three concept alternatives with difiedecations of the pumping station and type of pam
were considered:

Open air pumping station located at the outleheftunnel, equipped with standard horizontal oticair
pumps.

Pumping station in a cavern located more upstreathesuipped with standard horizontal or vertical
pumps.

Borehole shaft pumps with motors located in an egiepit above the Atatiirk Normal Retention Level
(EL 542.00) the pumps being located in a pumpirgndber at tunnel level.

The first alternative faced unfavorable geologicahditions at the tunnel outlet, jeopardizing nolyahe
tunnel excavation, but also the implementatiorhefpumping station and of the long pressure cosdiiite
second alternative was rather conventional butctheern implied many drawbacks such as the geolbgica
risk during excavation, the external pressure dueghe limestone karstification, as well as operatio
difficulties due to the dispersion of the structusnd a long access gallery. The technical vighbilftthe
third alternative, with long transmission shaftsabngs and intermediate couplings, remained quesbie
due to frequent and delicate maintenance works.

3 The erection being now completed, it may be dt#tat with the CAD/CAM manufacture technology, thigout has not posed

particular problem, neither for the design nortfoee manufacture. Besides, no spare runners aresaggetiie to the minimum
sediment content as well as the availability ofltdreg winter period for maintenance works.



The original solution eventually adopted (Plateu@)izes standard submersible motor pumps with the
following advantages:

Favorable geological conditions, the pumping chamaloel the pumping yard at EL 555.00 being located
in the Plicated limestone.

Elimination of the difficult downstream part of thennel as for the second and third alternativesab
Pumps and motors are standard with many referemcddwide.

Far from being a drawback, the relatively smalkgied discharges of the units allow a more accurate
setting of the water supply and a more flexiblerapen in case of restrictions.

Shorter construction time than for the first andosel alternatives.
Obviating the problem of flooding, this solutionsignificantly safer as the second alternative.
Minimizing the civil works by merely eliminating ¢hpumping station, it is also by far the less gostl

Yet, the submersible pump concept required solgatisfactorily the problem set by the vortex reaglt
from the operation of a large number of small unitsthis instance, several designs locating thapgsiin
niches arranged laterally along the pumping changsleeording to symmetrical as well as asymmetrical
layouts have been initially contemplated. Evenyya#l simple wall located in the sagital plane o th
pumping chamber and discontinued below the 17 slofihe pumps could optimally solve the problem.

CONSTRUCTION OF THE 328 M¥%S ANLIURFA MAIN CANAL WITHOUT DILATATION
JOINTS

The very large dimensions of the Main Outlet Carthg extreme operation conditions, (temperature
variations and gradient, internal and external quress) as well as the imperviousness requiremenpised a
challenging structural design. All solutions invioly a structural concept with joints would have teda
prohibitive, impractical and unreliable caissonridation concept. Thus, a reinforced monolithic ctcal
design (Plate 7) was worked out with the conditidhat the unavoidable microfissuration would be
sufficiently distributed to achieve capillary andtertight shrinkage cracks. To minimize the coat] &
ensure everywhere a sufficient distance to the redadining bounding surfaces, the reinforcemens wa
limited to one single net layer. A thick no-finencoete draining foundation was included in the giesi

To rule out the formation of external pressure.
To compensate the over and under breaks of thé eatavation mostly blasted in basalt.

To realize a sound surface allowing an accurateephent of the reinforcement, it being crucial for
adequately distributing the cracks.

This no-fine concrete foundation is drained by temen pipes located on both sides of the invert. A
geotextile filtering layer is provided at the irfaze with the foundation rock.

Whenever, the Main Canal crosses clay seams, therete lining thickness was increased to 30 cmewhil
the reinforcement was changed for a double lay@0ohm reinforcement bars.

For the sake of completeness, it should be merditimat in spite of the above conservative desigrcept,
considerable seepages were observed at the twwadeaoutfalls of the Main Outlet Canal (700 and B§0
As such losses could not be tolerated, the spdtific capacity of the cracks became an importasuesthat
was investigated on the spot with a device spgoiieloped for this purpose. A good correlationldde
ascertained between the specific crack lossestenidtiegrated overall canal losses.

A progressive decrease of the drainage dischargkl de measured at the drainage outfalls. Afteheac
season of operation, the specific crack capacitasmement was again carried out, whereas a perfect
correlation with the overall discharge at the digfaould be ascertained. Eventually, after a fexarg of
operation, the drainage discharge abated to irfgignt values. The phenomenon of concrete swelling
(comparable to that occurring with wooden barrels)well as a certain colmatation of the cracks lhkayy
explain this "happy end".



CONTROL AND REGULATION OF THE  ANLIURFA TUNNEL & FEEDER SYSTEM (SUTFS)

The SUTFS is limited upstream by the Approach Ckina branch of the Atatirk Reservoir, and
downstream by the Regulating Structures at the hadfathe Mardin, Harran andanliurfa Canals. It
comprises the following main control, regulatingeonergency structures:

Tunnel Inlet Gates.
Tunnel Outlet Gates regulating the overall watgpdyto the 4 major irrigation schemes.
Mardin Regulator regulating the releases to thediuteand Ceylanpinar Systems.

anliurfa HEPP turbines wicket gates regulatingrédeases to the Harran ananliurfa Systems.
Uncontrolled crests of the Bypass Oultlet.
Harran Regulator regulating the releases to theadaBystem.

anliurfa Regulator regulating the releases to tdiurfa System.

Thus, the Tunnel Outlet Canal supplies 2 distriouystems partitioned by the drop of tlamliurfa HEPP:
The Upper Systems (supplied by the Mardin Canlad) Mardin and the Ceylanpinar Irrigation Schemes.
The Lower Systems (supplied by the HEPP Tailracea@athe Harran andanliurfa Irrigation Schemes.

The SUTFS is "upstream controlled", i.e. the walischarge in the whole system results from thesi@ti
and the control of a centralized Authority (DSIdamot from the consumers (as this would be the idse
would be "downstream controlled"As the commanded areas will be fundamentally sitition of water
scarcity once their infrastructures will be fullpnplemented, the concept of an "upstream controlled"
distribution system was implicit, even if some "d®tream controlled" areas at primary or secondangakc
level could also be contemplated in future. It velwious that sooner or later, the water efficiemaly
become crucial. Thus, as far as thenliurfa Tunnel & Feeder Project was concerned, timgeahis aim
assumed to implement a sophisticated control & todng system enhanced by the most accurate water
measurement technology. It was also mandatorydarera safe and stable operation in emergencytisitua
or in case of device failure. This was achieveccbmbining self-regulating and stable hydraulic apis
with a reliable and flexible high-tech Process GantSystem (i.e. including full monitoring and
redundancy).

The key target is the accurate control of discheweddranchings. It is realized by the combinedatpn of:
"Head-regulators” located at the head of offtaldagals achieving a discharge control.

"Cross-regulators" located on the supplying cansi flownstream of the Head-regulators achieving the
water level regulation required for a stable antlieste water deduction.

Thus, water is dispatched by successive accuratsumement of the head discharges downstream of the
head-regulators. Normal practice is to locate thadhregulators on the smaller canals because thlécitm
relative error on the discharge reflects in a loalesolute error. Consequently, the Atatirk Dam Miaedin
and the Harran Regulators are assigned the roteosk-regulators, whereas the Tunnel Outlet Gétes,
anliurfa HEPP and theanliurfa Regulator the role of head-regulators.sTthoice is justified by the fact
that the HEPP is technically predestinated to fbednetwork with constant power, thus operatin{jxaid
opening of the wicket gates. Basically, the gatesaaitomatically operated by the Process Contrete®y
including PID regulating elements: "H/Q-Regulatorahd "Q-Regulators”, (Plate 8). Numerical and
laboratory simulations have allowed optimizing {h&rameters, proving also the perfect stability haf t
system operated according to all service and emeyggtuations.

Consequently, the control & regulating concept laes in the following way the structures that hipeen
described in the above general presentation dBtEFS:
Tunnel Inlet Structure

The Tunnel Inlet roller gates are operated withetactrically powered winch and are not used for
regulation.

4 In an "upstream controlled" system, the Authodtgpatches water according to a schedule predefiyehim, whereas in a

"downstream controlled system", the consumer offtak abstracts) the discharge of his choice from trstesy. An "upstream
controlled" system is normally less efficient, lalgo substantially less costly.



Tunnel Outlet Structure

The Tunnel Outlet Structure represents the mostregorm and main element for the Control and
Regulation of the anliurfa Tunnel & Feeder System. The hydromech&mgaipment is used to secure

the irrigation pre-determined releases and mustigeahe highest possible level of reliability, bese it

is a most crucial control element for the entiretegn. It is therefore equipped with redundant adntr

structures and measurement devices.

The radial Service Gate regulates the dischargaat Tunnel Outlet. As these gates have to be tepera
on a continuous basis, each of them is doubled lyuard Gate designed as vertical roller gate,
permitting the quasi-normal operation of the Tusrdiring inspection and maintenance activitieshen t
Service Gate. However, in contrast to the Serviage§ the Process Control System does not coh&ol t
Guard Gates.

Mardin Regulator

The discharge released by the Mardin Regulatorrescine water supply to the Mardin/Ceylanpinar
Irrigation Systems.

The 6 gates are electrically operated (with mamyeration also possible) and fitted with remote and
local control allowing emergency closure in castadard along the Mardin Main Canal.

In order to ensure a constant supply to the inogasystems in case of reduction of thenliurfa HEPP
capacity, a compensating discharge will have taftoxe the side crests being then conveyed via the
Bypass Outlet. In case of emergency reduction @Hharran/ anliurfa discharge, the wicket gates of the
anliurfa HEPP units are operated accordingly, antpecial reaction” of the Mardin Regulator is
programmed to anticipate the positive surge waeegeding from the Powerplant Forebay. In case of
power supply failure, the gates can be manuallyaipd, so that emergency closure is always possible

anliurfa HEPP

In periods of low demand, if both turbines haveb&shut-down, in case of maintenance or in case of
total failure of the 34.5 kV network, the releasasirrigation have to be secured by the Bypasdedut
Installing the required head on the uncontrolledeSCrests, the Mardin Regulator can then be usedtto
the required discharges to the Harramliurfa branch. In practice, however, to increttse discharge
accuracy, the Mardin Regulator can be operatedeas HRegulator, thus regulating directly the Mardin
Canal required discharge.

In case the Bypass Outlet is operated when the iMadnal is not operated, the water level in the

Forebay does not need to be controlled and thenalige flowing in the lower systems is uniquely
controlled by the Tunnel Outlet Gates.

Bypass Oultlet

The Bypass Outlet is an emergency device assooidtbdhe anliurfa HEPP. It is used in the event of

closure of the turbines (for any reason). An ovyaping of the Tunnel Outlet Canal and/or Headrace

Canal could have catastrophic consequences. ThasByPutlet eliminates this risk by fulfilling the

following 5 functions:

- Spillway in case of emergency closure of the MaRiagulator.

- Safety structure in case of regulation deficiencgantrol failure.

- Regulation facility during starting of the poweritisn

- Conveyance structure in case of Powerplant breakdow

- Free crest (independent of human intervention apdpenent operation) close to the Power Intake
contributing to the hydraulic stability of the heacke system.

The Bypass Outlet is designed with 2 uncontrolkgéril crests located along the Powerplant Forebay.

Being uncontrolled, it is a fully automatic andiable safety device.

The capacity of the Bypass Outlet is sufficientdivert the maximum discharge required by the

Harran/ anliurfa irrigation perimeters and to take overegection surge wave subsequent to the rapid

emergency closure of the Mardin Head Regulatorcdse of need, both chutes could even divert the

whole anliurfa Tunnels discharge (328%s) during a very short time, avoiding therewith jona

damages.

The regulation level set 5 cm lower than the C8#éimakes allowance for waves or possible smatjsu

occurrences. It also takes over most of the ujgttion surges.



Harran Regulator

The 4 radial gates are electrically as well as rmywperated and fitted with remote and local caint
allowing emergency closures in case of hazard dlloaglarran Main Canal.

anliurfa Regulator
The 2 radial gates are electrically as well as raiypwperated and fitted with remote and local coint
allowing emergency closures in case of hazard alleaganliurfa Main Canal.
Unlike the Mardin Regulator, which has the Bypaa#tl€ as uncontrolled escape, the Harran and

anliurfa Regulators are not fitted with a safetyide against flooding. Special emergency featufes o
the gates control system substitute this.

Control and Regulation Concept

The control concept for the SUTFS is based ondhewing basic requirements:
Maximum safety for the operating personnel andrktallations.
Efficient and reliable operation of the irrigatisohemes under all operational conditions.

High availability of the regulating systems throulgigh quality and redundancy at critical points, on
account of its importance for the SUTFS.

Minimum adverse environmental effects (e.g. atmesplpollution, pollution of the irrigation waters)

Gradual expendability without the need of modifyegsting control schemes or major replacements and
disturbances of existing control stations.

Basically, the whole control system operates falljtomatically. However, the concept of automatism i
limited to one single "rank", i.e. neither redundhierarchical safety concept) nor standby sysitem
provided for the operation of the SUTFS. In casdad@ire of the automatic regulation equipment s
inform the operator and manual operation has tdniie&ated. Moreover, each system is independently
supervised and protected.

The Control and Regulation concept is implementediata processing system with different autonomous
modules, whereas the Process Control System isggooafed according to the 3 following levels:

Data Acquisition Level:
Measurement (water level gauge, ultrasonic diseéhargasurement, position transducer)
Local Control Level:

Control/Power Panels, Water Measurement PanelgeBsoControl equipment included in Regulating
Structures Outstations.

Master Control Level:
Process Control equipment included in the TunndledControl Center.

The regulation is achieved according to the conaéptDistributed Intelligence”, i.e. the regulatios
performed at the Outstation of each RegulatingcBire. Each Outstation (Tunnel Outlet, Mardin Ragar,
HEPP Power Intake, HEPP, Harramhliurfa Regulators) is equipped with local prooessbut is
additionally monitored and controlled from the SUTO.

The regulation, remote control and supervisiorhef $TFS are performed from thanliurfa Tunnel Outlet
Control Center (SUTOCC) located at the Tunnel QuiM information, commands, displays, alarms, set
points, voice communication and data exchangescallected, evaluated, processed and issued at the
SUTOCC. The operating staff located there "contrthe flow rates in the canals assigning a "disgear
setpoint” to the regulating structures playing rihie of Head Regulators, whilst the water leveltrgzsm of

the control structures playing the role of CrosguR&tors is automatically regulated according tavater

level setpoint”.

The various regulators can also be controlled femycalled Outstations, where semi-automatic orlloca
manual operations can be carried-out, independdriiyp the SUTOCC if necessary, according to the
principle of distributed intelligence.

Modes of Operation

The concept of process automation permits theviatlg modes of operation and supervision of the whol
SUTFS (including its secondary installations):
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Fully Automatic Control from the SUTOCC workstati¢operator's desk). This control level depends on

the availability of the Station Process Contro{&PC).

Remote Manual Control from the SUTOCC.

The operation of the Regulating Structure gates lwarperformed manually from the SUTOCC, all

necessary indications and supervision being availddere (SPC in service). This mode of operat®on i

mainly used in case of non-availability of one oore of the H/Q-Regulators at the Outstations. The

manual individual commands to the gates are dyeetht to the local Gate Control/Power Panelshea t

Signal Transmission System. Non-availability of fbeal water measurements may also require this

mode of operation.

Local Automatic Control from the Outstations

- In case of a transmission problem between the SUT @@l one or more Outstations, local automatic
operation from the H/Q-Regulators is possible bynuadly entering the water level or discharge
setpoint values using the H/Q setpoint adjustmentcgs provided at each H/Q-Regulator Panel.

- Control of the gates is then automatically perfatmprovided all local water measurements are
available. Such operation may also be requireége ©f non-availability of the SPC at the SUTOCC.

- The H/Q setpoints can be transmitted via telephmma the SUTOCC to the Outstations, providing a
kind of local control operation with local and/oemmote supervision. During this local control
operation, the presence of an operator in the @tidgss is of course required for H/Q setting artteot
control/supervision tasks.

Local Manual Control from the Outstations

- One local Gate Control/Power Panel is availablegach gate in all Outstations. The gate control
remains always possible manually from this panelyided the corresponding gate selector switch is
on manual position. The main purpose of this Lédahual Control is to provide control of the gates
for maintenance as well as for operation of thaliurfa Tunnel & Feeder System, if the SPC, Signal
Transmission System, Water Measurement Panels @QeRidgulators in one or more Outstations
would not be available for automatic operation, tage control being then performed manually,
following instructions given by the operator viéefghone from the SUTOCC.

- The Local Manual Operation also allows each indigidgate to be driven for maintenance or any
other required test.

- All gate positions are displayed in cm on the loGalte Control/Power Panels, e.g. for operation
without the Water Measurement Panel or H/Q-Regulatoservice. Each panel has one digital
indicator for this purpose. Furthermore, the gaisitpn signal is available at each panel outgoing
terminals in digital form, for transmission to otle®ntrol and regulation equipment.

Process Control System

The process control system includes the followtags:

Independent and fully automatic control of the gdia the regulation of the water level or disclearg
according to a "setpoint” entered at either the-R&gulator Panel or at the SPC.

Control of the gates according to operating rules.
Full process supervision with timer.
Supervision of all measurement values by trappaig or erratic values.

Supervision of the consistency of all dischargepaiets and measurement values (e.g. discharge
continuity over the whole system).

Data transmission to the Central Control Statiamated in the Control Center.

Manual gate operation concept

The manual operation is possible at following level
Equipment level:

One hand-operated pump per regulator is providdi tive hydraulic equipment for manual operation of
the gates.
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Local Control Level:

The gates can be operated manually from the loedé @ontrol/Power Panel if the selector switch
"Remote-Local-Off-Maintenance" on the panel is@et'Local". In such a case remote manual control is
not possible. Control from the H/Q-Regulator (sé@tpentered remotely or locally) is also not poksib

Remote Control level:

Provided the local Gate Control/Power Panel setesstitch is set on "Remote”, a remote manual contro
of the gate(s) is possible from the SUTOCC, whée ¢ontrol of the gate has to be changed from
"Automatic" to "Manual" by a selector switch locadten the mimic board. The push-buttons on the
mimic board for manual opening or closure of theegare then active. Manual raising and lowering of
the gate shall be limited to steps of about oneemgdjustable) for each command, thus avoiding
undesired operation due to operator lack of atbentif the gate control is switched to "Automatittie
gate is operated in the automatic mode and itsingeis fully controlled by the Station Process
Controller (SPC).

Automatic regulation equipment for Water level / Discharge regulation
Water level / Discharge regulation:

The H/Q-Regulator compares the measured actualr watel / discharge with the setpoint value and
builds up the control signal directed to the gdtgsening or closing control signal). The regulatorst
match with the conventional quasi-constant PID-bitrawith independent parameters. The water level /
discharge setpoints are basically data signalstsetite SPC to the Outstations, but they can beredt
locally at the Outstation H/Q-Regulator. For optimg the system stability, the water level reguilaito
(H/Q-Regulators including a discharge regulationdaie) receive additionally the anticipated steady
state discharge.

Indirect flow assessment:

For the needs of the H/Q-Regulators as well agddundancy (in addition to direct measurement), the
discharge is also assessed from the level/presiffeeence between both sides of the gate and dte g
opening (Q = f[ H,a)).

Operation concept:

Basically, the opening of the different gates (mbine wicket gates) controlled by the H/Q-Regulato
must be equal, i.e. the opening difference canrcéed one opening step. When the discharge has to b
increased, the gate having the smallest openiagésated to the next opening step. Conversely, \ilneen
discharge must be decreased the gate having thtegr@pening is operated to the next closure $tep.
adjustment steps are to be set as parameters.

All gates can at any time be switched from autoenBitiQ-regulation to manual control or, conversely,
from manual control to automatic H/Q-regulationchse their position have been manually set aiér af
switching on the automatic mode, the regulator prtigressively readjust the gate equalization with
operation resulting from each discharge correction.

If all gates are switched to "Manual" (gate conftdly manual equivalent to gate availability zerthe
regulator shall follow the manual operation andegan alarm in case of inappropriate command (e.g.
excessive difference between setpoint and actuak)aThe gates can be smoothly taken back by the
automatic regulation without requiring any spepiacedure (“follow-up" function).

Gate operation supervision:

Each movement of the gate is timely supervisedfollowing a command from the H/Q-Regulator, the
gate shall move to its new position within a certéine memorized by the H/Q-Regulator. If the tihaes
elapsed before the gate reaches this positioriaam & emitted.

CONCLUSION

The anliurfa Tunnel & Feeder System and the YaslicariBlir& Pumping Station, presented above as
general schemes or as specific solutions, eviddmedigh level of the implemented technology asl asl|
the environmental preoccupations having prevailedngd the planning phase. A few figures may give th
dimension of the economical returns. With an averdgily production of 1.7 M US$, the Atatirk HEPP
achieves a yearly benefit of approximately US$ BQ0.e. a present value of 4.6 B US$ in 1986 that it

®  Begin of full power production
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may be stated that the energy production repaehdyr twice the investments of the Atatirk Dam & IREP
Project. With the same economical price of enerajyrated discharge, i.e. during the 4 months df ful
irrigation, the daily production of theanliurfa Powerplant amounts to approximately 80'008$.
Underestimating the return of the Harraaniliurfa irrigation perimeters, a net benefit o018 US$/year,
i.e. a total revenue of 1.80 B US$ could be putvéod since the commissioning of the Project. This i
without mentioning the many other shadow pricehsagthe still ongoing reforestation campaign (BH),
the fish hatcheries (Fig. 31, Fig. 32); the lifaalifly increase (Fig. 33, Fig. 34), as well as thenpotion of
sport (Fig. 33, Fig. 35) and culture (Fig. 36) floe young local populatién

The few operation deficiencies observed such atatitesalinity (Fig. 26), the low efficiencies (Fi2b) and
the water wastage emphasized by some medias, shoufdde out the pertinence of the general plapnin
and the quality of the infrastructure works perfedrio date. Therefore, no question of mis-investmen
any kind can be invoked, as this is often the e@igie this type of governmental prestige projects dnly
some temporary misuses of the investments. Givenytiuth, the magnitude and the complexity of the
development, these drawbacks appear normal antubitld not be overlooked that the socio-economical
revolution caused by such a vast development inoddwof immemorial traditions can simply not be
achieved within one decade.

Clearly, the Project calls for several urgent fartmvestments, not only to improve the irrigatifficiency
that will become crucial, but also to eliminate theses of benefit due to land salinity. Theseaarthe first
place: drainages, intermediate storage facilitilesynstream controlled areas, pumping stations,-tégh
water measurement devices and modern watering ohetingolving sprinkler and drip systems. But even
more important will be the long-term joint efforts develop e.g. optimized cropping patterns, hylitau
response assessments, water distribution orgasmsatind water dispatching schedules. For thisoniyt
time and money are required, but also technicalpstemce and discipline at all levels, because ithis
indeed the heaviest and most decisive price tilateshains to be paid so that the Euphrates wageomes
gold and the Upper Mesopotamia changes into a modsion of paradise.

®  As the Bozova recreational park and the variossltations can testify it
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Fig. 1:Atatirk Dam

Height above foundation 184 m.

Head reservoir of theanliurfa Tunnel & Feeder
System. Power Intake Structure of the 2400 MW
HEPP in the foreground

Fig. 2: Atatirk Dam

Curved rockfill dam with vertical clay core.
Spillway (17'000 rifs) approach channel in the
foreground.

Fig. 3: Approach Channel (from the Tunnel Inlet) Fig. 4: anliurfa Tunnel Inlet

Invert width: 20 m; bank slope: 1/5; basalt riprap  Two gate chambers equipped with vertical roller

0.40 m x @ 0.20 m; 0.15 m transition; 0.15 m filter gates and winches for emergency closure. One
Connection between the Atatlrk Reservoir and the single set of stoplogs for maintenance long-term
inlet of the anliurfa Tunnel. closure; one gantry crane.

Fig. 5: anliurfa Tunnel Outlet Complex Fig. 6: Tunnel Outlet Stilling Basin / Main Canal

At the Control Center both sides, the Gate Ramp access to the underground pumping station
Chambers including each a radial service gate, a on the right bank. In the background, on the left
roller gate and a horizontal maintenance gate. The bank, the Domestic Water Treatment Plant for the
underground domestic water pumping station is in  anliurfa City (7 ni/s)

the foreground.



13

Fig. 7: Main Outlet Canal and HEPP Branch Fig. 8: anliurfa HEPP Headrace Canal inlet
anliurfa HEPP Headrace canal branching on the HEPP Headrace Canal inlet (124/sh with bridge

right bank from the Main Outlet Canal. in the background, displaying the exceptional

Downstream, in the background, the headrace of dimension of this waterway system. Main Outlet

the Mardin/Ceylanpinar Main Canal (204/s). Canal in the foreground.

Fig. 9: anliurfa HEPP Intake Structure Fig. 10: Forebay with the Bypass Side spillway

The gantry crane serves the two intake shafts for The Forebay side spillway feeds the Bypass Oultlet.
accessing the pressure tunnels in case of With its two 55.5 m long weirs, it represents an
maintenance. Serving the power inlets, it is also essential structure for the water level regulation
utilized as trashrack cleaner. the anliurfa Feeder upper canals.

Fig. 11: anliurfa HEPP Bypass Chutes Fig. 12: anliurfa HEPP Control Building

View from the Mardin Bridge of the two 3.28%  View from the Mardin Bridge along the HEPP
slope chutes connecting the Forebay (in the back- center-line showing the Control Building between
ground) to the HEPP located right downstream of the two chutes, the Stilling Basin and the 4 km
the bridge. Tailrace Canal
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Fig. 13: anliurfa HEPP Powerhouse Fig. 14: anliurfa HEPP Control Building

Harran/ anliurfa Main Canals supplied via the  Confined between the two Bypass Chutes, the

Bypass Outlet (58 ffs). Tailrace Canal excavation  open-air gantry crane serves the Powerhouse
slopes stabilized by the ongoing afforestation with access, the two unit hatches as well as the grooves
oleander and pine trees. and storage of the draft tubes stoplogs.

Fig. 15: Horizontal Francis units Fig. 16: Left horizontal Francis unit

After several years of Bypass Outlet operation, the The @ 9.0 m spiral case and the generator stator
two mirror symmetrical horizontal Francis units partially embedded in the Powerhouse second stage
(25.5 MW, 62.7 is) could be installed in the concrete. Straight horizontal draft tube directly
Powerhouse first stage concrete structure. connected to the Stilling Basin.

Fig. 17: Harran and anliurfa Regulators Fig. 18: Tailrace Canal

The Harran Cross Regulator regulates the water View from downstream of the 3'343 m long
level at the Tailrace Canal downstream end, while concrete lined Tailrace Canal conveying under
the anliurffa Head Regulator controls the constant upstream water level regulation a
discharge to theanliurfa Main Canal. discharge of 58 fs (rated capacity 124%g).
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Fig. 19: Harran Canal Fig. 20: anliurfa Canal

This large and straight main canal designed for a With a capacity of 39 ffs, this canal runs along

capacity of 85 rils conveys water to the the anliurfa airport and serves the closest areas of

exceptionally flat and fertile Harran Plain. the Harran Plain. Cable pipes for the ultrasonic
flow measurement in the foreground.

Fig. 21: "Canalet" turnout Fig. 22: "Canalet"
Such turnouts arrangements control the water The flat Harran Plain led to this relatively cheap

discharge taken from the canal distribution system. traditional concept for the watercourses at field
The achieved water measurement is not very level. The efficiencies are however relatively low.

accurate.

Fig. 23: Modern field preparation Fig. 24: Traditional field preparation

The most modern agricultural equipment is now In spite of the available equipment, higher
implemented, whereas cropping pattern departing efficiencies can only be achieved by meticulous
from the original cotton monoculture is now  manual work. Lacking of night storages, it should
prevailing. be continued during the night.
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Fig. 25: Pump offtake along the Harran Canal Fig. 26: Drainage in the Harran plain

Many singular pump are operated independently, Given the irrigation methods, accurate water
jeopardizing the efficiency of the upstream measurement and efficient drainage are essential to
controlled irrigation concept. Future objectives avoid land salinity problems. Modern irrigation
should impose strict distribution schedules. methods will help solving them.

Fig. 27: Yaslica Collector with pump outlets Fig. 28: Yaslica Conveyance Canal
Seventeen submersible motor pumps located in the The 22.5 n¥s Conveyance Canal connects the
dead end of the 1.49 km long tunnel raise over Yaslica feeder pumping station (in the background)

30.5 m the rated discharge of 1.8/snwater into to the first reach of the Bival regulated Main
the "Collector " Yaslica Canal.
Fig. 29: Yaslica Conveyance Canal Fig. 30: Yaslica sprinkler irrigation

Offtake of a first pumping station at close disenc  Efficient low and medium pressure systems prevalil
from the Conveyance Canal downstream end. The in a quite large part of the higher Yaslica area. A
Main Canal supplies gravity irrigation systems as maximum of 3 ri¥s water is currently supplied as a
well as low and medium pressure systems. large part of the Main Canal is still outstanding.



Fig. 31: Atatirk Dam Fish Hatcheries
A salient feature of the Southeast Anatolia Project
is the diversity of the agro-industrial development
Fishing craft is prospering along the Atatirk

Reservoir.

Fig. 33: Bozova Recreation Area

Taking advantage of ideal conditions for sailing
sports, harbor installations and beaches are
developing along the bays of the Atatirk

Reservoir.

Fig. 35: Atatirk Water Sport Tribune
Water sport facilities are provided at the Atatirk

Dam. In the background, the ongoing large scale

and successful reforestation
surrounding the Reservoir.

of

the

areas
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Fig. 32: Atatiurk Dam Fish Hatcheries

Fish Hatchery supplied from the Atatirk Power
Intake. Fishes are bread in sheltered pools, more
advanced breeding stages being then concentrated
in open-air basins.

Fig. 34: Bozova Recreation Area

Afforested recreational areas including restaurants
and barbecue facilities provide peace and coolness
to the rapidly growing population. The success of

such areas let anticipate tourist potential.

Fig. 36: Atatirk Amphitheater

Cultural encouragement was not omitted from the
GAP. This multi-purpose 1000 places amphitheater
in the recreational area of the Atatiirk Dam camp is
available to primary and secondary schools.
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Plate 1: Ataturk Reservoir location and Upper Firat cascade development
The Birecik and Karkamis dams are not represented.

Plate 2: Atattrk Dam & HEPP Project - Salient features and data
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Plate 3: Layout of the anliurfa Tunnel & Feeder Project

Plate 4: Layout of the Yaslica Tunnel & Pumping Stdon Project




Plate 5: anliurfa HEPP Powerhouse
Top: Longitudinal section
Bottom: Cross section




Plate 6: Yaslica Tunnel & Pumping Station Project
To prevent vortex formation, a vertical wall divididhne Pumping Chamber in the sagital symmetry plane




Plate 7: Structural concept of the Main Canal
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Plate 8: Regulation concept of the anliurfa Tunnel & Feeder System
Cross regulators: Mardin Regulator; Harran Regulato
Head regulator: anliurfa HEPP; anliurfa Regulator




