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Improvement of the Regulation Techniques in Turkey :
The Example of the Harran Main Canal
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The main aim of the present communication is to show the choice of a regulation system adapted to
the Harran Main Canal and to give a description of the operation of the storage reaches with mixed
gates.

1  The Harran main canal and the classical regulation in
Turkey

The Harran Main Canal is a 118 km long canal with a head flow of 80 m3/s, it is a part of the
Southeastern Anatolia Project (GAP).

There is no dead reach : intakes feeding the secondary networks are laid out along the whole of the
alignment. It will be supplied from the Ataturk Dam reservoir by 2 parallel tunnels (Sanliurfa
Tunnels), each 26.5 km on length and 6.5 m on diameter. The canal is designed to supply the
irrigation networks in the Harran plain. Construction work started in 1988 and will continue
through 1993. A total area of 141.000 ha is to be irrigated.

The regulation system had to be changed after the beginning of the construction. The system
initially planned was an upstream type of regulation, which is classical in Turkey, but was checked
not to be convenient because of the high risk of loosing water due to its very important size.

The present situation in Turkey for irrigation water conveyance is as follows :
- The present main canals are regulated from upstream in quite all the perimeters.

Constant upstream level regulators are fitted with gates and manual cross regulators to
adjust the upstream level.

Intake discharges at the heads of secondary canals were to be regulated by double gating,
but the initial principle is not applied owing to difficulties in using the system. As a result there is
poor knowledge of the discharges taken off and wastage or temporary shortage of water.

- All the canals are operated by State Hydraulic Works personnel as far as the heads of
watercourses (tertiary canals), after which the water is managed by groups of farmers, sometimes
assisted by Land Administration.
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- The rotation system on the watercourse canal (tertiary canal) is not always used, and
operator who does not possess an accurate schedule of water requirements for the coming weeks
must allow a safety margin (extra discharge) to ensure that demand is met. This method of
operation also leads to substantial loss of water.

- Until recent years, economising water was not a major preoccupation, but recent droughts
together with problems of rising ground water and increased soil salinity result in lower farming
yields and have made network operators and users aware of the problem.

It should be noted in particular, that because of last years drought, voluntary saving of
water in the Lower Seyhan perimeter resulted in 1 decrease of the consumption by 25 % while the
agricultural yields increased greatly (by 20 %).

Economising water can be justified for other reasons in GAP projects :

- realising a complementary volume for the Ataturk hydro electrical power plant and for the
dams downstream,

- reduction of drainage water volumes and hence economy of collection and treatment
infrastructures.

2 Regulation solutions analysis

For the Harran Main Canal, the aim was to design and compare different regulation solutions in
order to select the one best-suited to the following objectives :

- prevent water loss or temporary shortages in the face of uncertainties in water demand at
the heads of the secondary networks,

- the present advanced state of the works on Harran canal (and the consequence : no change
in the discharge sizing) is a constraint for the choice of the regulation for the main canal and even
for the distribution network (size of the area/cropping pattern - changes allowed in upstream main
structures),

- the necessity of a good acceptance of proposed operation techniques by the staff in charge of
the operation of hydraulic structures.

Six different alternatives of regulation were studied :
0 Sol : Initial project : Upstream regulation

It is the basic project, designed by DSI. The main prdblem in that case deals with
operation losses : if the distribution networks are operated as usual, it will be impossible to avoid

important water losses, whatever the operating mode on the main canal, even by creating large
regulation storage reservoirs. The water losses could rise up between 6 or 9 109 m3 per year.
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1Sol Downstream regulation

It is the most comfortable alternative as far as operation is concerned. It is
unfortunately impossible to use on the whole canal because of the advanced state of the works in the
upstream part.

Downstream regulation on the whole canal would certainly be the optimised
alternative in case of a new scheme to be proposed.

Even if the Investment cost is a little high, the comfort in operation is the best : all
downstream water demand variation problem is automatically solved by a very confident hydraulic
localised regulation system.

280l Upstream regulation with remote monitoring of regulators and turnouts.

It is the minimum equipped feasible solution with upstream regulation. The remote
monitoring allows a real time operation and using adapted real time calculations, the central
operator can send (by phone or radio adapted orders to manage regulation on side reserves off the
canal in order to minimise losses or temporary shortages in water supply to the perimeters. The
regulation storage reservoirs are big because the lag time between the detection of a variation in
demand and the adaptation of the supply law (discharge) is rather long (detection of the event,
definition and transmission of the orders, action on the regulators ...). '

Hydromechanical equipment is composed with constant upstream level gates except
for the storage reservoirs which filling or emptying is controlled by motorised radial gates.

3 Sol

It looks like 2 Sol except for the teleoperation system in which remote monitoring is
replaced by remote control. All gates are motorised ones : the use of radial shapes is proposed as
their operation needs lower energy compared with slide gates.

Electronics equipment foreseen here is the minimum necessary. In the design of the
teletransmission equipment, it must be kept in mind that, in case of failure, the canal will have to be
operated manually. But the manual operation of the two storage reservoirs would remain rather
difficult to manage manually.

4 Sol : Upstream regulation - Storage reservoir on the canal

The setting of the canal is the same as in 3 Sol but the storage reservoirs are located
on the canal. Their management becomes easier than in 3 Sol above all for manual operation in case
of break down in the remote supervision system.

That solution is well adapted (as 5 Sol) for a 2 stages sharing works.
$Sol : Mixed regulation
The canal is divided into three sections :

. the upstream one, from KP 0 to KP 56 equipped with automatic upstream constant
level gates (like AMIL gates),
_ the intermediate one, from KP 56 to KP 74, in which three mixed gates enable to
create a storage capacity to ensure the good functioning of the downstream part and avoid losses,
' the downstream zone, equipped with automatic downstream constant level gates.
This is the best suited alternative of regulation for the present situation, both for
construction and operation reasons.

69



a3eb 1a3a9f
JULEISUOD WRIIISUMOP DT3euwolny

@

sajebH paxXIW

O

sajeb pastiojon

®

PLL IR
SyIoM JO vbeas pug

(sTeued rjan-ufpaenW ‘sysuunl) walsds IToys 8yl pue jeued
NYdYVYHd 843 103 suoylonxjzsuy bujjexado jo uoyzvroqeld I933UaD
‘uoyje3s Ai1epuodas BY3 wWoxJ HuTwod sejzep JO IUBWIVIIL ¢ buyjeaado

sjuswivax]l oyseq pue (sabaeyosip
‘ST9AdT) UOTIDI[TOD elep 103J uUOTIels LIPpUODIS @ HHH

SUOTIONIISUT IO UOTSSTWSURI} ojpea 103 Aeyay : m

oL did

0o di

sjaam jJo abejs 3IsT

NOLIV U¥HY WRLLSI)

O NOLUTK)X;

‘TYVNVYD NvddvH

70



(sTeues ejan-uypien ‘syauuny) walsds 3[oym ay3 pue Teued
NYQ¥YH 343 JIOJ Suor3IdnIIsuy fujjexado jo uof3zeroqeld J93uUa)

ajeb 13437 -uoTje3s Alepuooss ayj woly buTwod SYIEP JO IUBWIRSIL buy3eaado

1URISUCS WEIIISUMOP DFIBWOINY

&

v—
o~

sajeb poxTW

O

sjuswleaiy ojseq pue (sabavYOSTP HHu
ts72AB]) UOFIOSTTOD e3ep I03J uOYIeIS Kaepuodas :

sajeb pasTIoloNW

®

SUOT3ONI3SUT IO UOTSSTWSURIZF OTpex 103 AeTdy ¢ mwmw

8'%LT i 9L a4 |
syiom Jo abeys pg sxya0m Jo sbeys 3sy

NOLLV NEER] WIRISNX]

T NOLMYKYS

'TVNVD Nvidvi




PSS —

PLT &

ajeb 13431
JURISUOD WRIIISUMOP OdF3ewolny

@

sajeb paxTW

&

sajeb pasytaojol

®

SIom abels pug

(STeued ejan-uipiel ‘syauuny) walsds afoym 8yl pue jeued
NYYHVYH 843 103 suoflonizsuy buyjwzado jo uoyzexoqeid
*uotjeds Aiepuosas oyl ‘woay Huywod seILP JO JUSWIVWIIL

sjuswjesiy oyseq pue (sabieyosyp
‘STan@]) UOTIDB[TOD eIepP I0J UOTILIS AIRPUODIS

SUOT3IONIJISUT IO UOTSSTUSURIY Ofpex 103 Aeroy

I93ua)n
: . buyjeaado

TNNWO  EHL 44O
ANOd  NOLIV IO

9L dA
. syaam abeys 3sT
NOLLYINCHY WYaHLSdn

TINO  dHE 440
(NOd NOLINTNEER!

SIF LD NIVW (N SUOIV TR 40 SNTIOLINOW 31O

NOLIV 1 E-R WaRLSAN

¢ NOLITKS

TVYNVYD NVHUVYH

72




(sfeued ejin-utpied 'gyauuny) waisds Ifoys 8yl pue feued
NYYHYYH @43} 103 Suoj3ldniaysuy puyaeiado yo uoyreroqeid 193Ua3D

a3eb 12a3l -yoyjels A1epuodss ay3 ‘woxj bujywod seljep 3O juswledry, puyieaado

JUPISUOD WeIIISUMOP DlIBUOINY Aﬂv

[
o~

sjuswieaIl Ofseq puw (sabaeyostIp
sojeb paxTIW H”u

‘sTaaa]) UOTIDDTTOD e3ep 103 uoy3ze3s Xxepuodas

G

sajeb pasTIOIONW

®

SUOT3IONIFSUF IO UOFSSTUSURIZ ojpex 103 Aeiay B mWWM

VLl : gL O

o
SyIam JO Bhes P | Syuam  jo sbes  3ST
NOLIV 108 WEAISAN
D@L 40 TND EHL 440
QDd NOLIVINER QD NOTIV ISR
& . & V
T3 6 % & &_& & ¢ ¢ ¢ @ & ¢
oL A~ oL A9 O 0 0. B
== = = = g = =
e ﬂ%ﬁha ’ s / i
NOLINV WERY. WRLISAN et A
€ NOLIYIOS

TVYNYD NVHIEVH




T D

JUR3ISUOD WEIIIZUMOP ODFIRPMNINY Amv

(sjeued ejin-uipael ‘sisuuny) wa3sds afoym ayly pue feued
MYYHVH 843 I03 suoy3idnajsuy puyjzezado jo uojjeroqeia

ojeb 19a3
eb 1 1 ‘uoyje3s Axepuodss 3y3l woxj buywod sejep jo juauwlealy,

sjuawlevaiy ojseq pue (s9baeydsIp

sajeb paxTH @ ‘sTaA8]) UOFIDITTOO elep IO uoyleIs Kxepuodas

099 PasTIOIOH nMu SuOT3ONIISUT IO UOTSSTwsueIl oypex Io3 Aeysy

oL di

.
.

I33u’dd
puyzeasdo

O
==

0 dX

TNWO FHL NO
GNDd  NOLINIEE

i\‘
O O O O O
&

95 di
syaam Jo abeis pu : SHIOM jo sbels 3Isy
NOTIN 0 WLSAN

TUNVO  JHL N

GNDd  NOLINYINOEY

v INIOd
™~

E e & & ® & ©
O

X Z A

. gy —— g’ ——

SIETLHD NIV 20 SNRIQLTNOW AL WEd
QI HEHY J0O 'I0AIND 2103

NOLINV HELRE WAISd

v NOTITOS

TYNV) NVYHYVH

74



a3eb T (sTeued ejan-uTpien ‘sTauung) walsiks ajoys ay3 pue jeued

NYddyH 8yl 103 suo13onI3suT putjexado 30 uotaerxoqeld I23Ua3)d
ajeb 1anel

@
-uotjels A1epuodss ayy woi3j butwod sejep JO juswleday 3 putaeaado
JUE3SUOD LRIIISUMOP oy73ewolny Aﬂv
. sjuauwledxj dfseq pue (s2baeyosip L
sa3jeb paxXTH AMV tsT2aDT) UOTIDATTOD eB3Ep IOF uotje3ls Aiepuonads HHH
suo3jonilsuy o uoTssTusuell oypex I03 Ke1ay :
- sajeb PasTIOION @ ﬂ
syaam JO vbugs PAE syicm Jo 8bels 38|
bLT Dl LG dAd 9s o oDl
NOLLY L(¥X W LSNYOU - NOLVY NS (EXIN NOLIVTNEEY WIRLSdN
\UNIOA
INNVO UHL
. T ND (N NOLIV NG
_ ~__} A )
® 9 9 o 9 &b 5" 0 0 @
i | ] -
. T ////
N HAIND
ONLIIO

- NOLLY IEHd (HXIW
————e e

S NOTUTIOS

S S G INNYD NVRRIVH




3  Comparison of the solutions

Solutions 0 1 2 3 4 5

Investment | 100 142 142 136 130 122
Total cost | 149 113 124 122 115 100

Solution 5 was selected as performing best in investment cost after the reference solution and as the
least expensive of all the solutions in full costing.

This solution was also one of the best in terms of being able to accommodate the present state of the
construction of the Canal.

It combines the three types of regulation (upstream, mixed and downstream controls).

A general remote supervision system is a part of the regulation system for the whole length of the
canal, to obtain data at all times on the main hydraulic operating structures of the canal (discharge
and water level at various points). The decisions required for head gate control operations can be
taken immediately. The remote management is indispensable to achieve reliable and efficient water
management and to avoid the losses which could be large from a canal which is to convey a large
discharge (up to 80 m3/s) for a great distance (120 km).

Canal management must also use computer facilities for calculation and flow modelling to anticipate
hydraulic phenomena (water demand and the stopping of irrigation) as much as possible and above
all to handle their consequences with regards to the amounts of water conveyed at all points along
the canal.

This avoids the risk of loss of water.

4  Analysis of a reservoir reach

The phenomenon is only analysed for the reservoir section as the method of regulation of the other
sections is known (upstream control and downstream control). The central reservoir section is’
divided into reaches separated by regulators (mixed gates) whose operating logic depends on
‘neighbouring upstream and downstream levels. This logic is generally represented by the curve
ABCDEEF in the upstream-downstream diagram of the regulator. .

AB-  Functioning at minimum upstream level. Flow only occurs if the level in the upstream reach
is greater than D1.

If D9 is considerably lower than D1, the downstream reach fills until the level reaches D1-
h. Cycle BC starts here. If D9 is higher than (D1-h), regulation is of the constant slope type
as soon as the downstream level is greater that D9.

BC-  Constant slope.

CD- Combined levels (linear increase in the upstream/downstream loss of head).

The two functions above make it possible to make the neighbouring reaches play a reservoir
role when the incoming flow is greater than the flows requested by irrigators downstream.
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DE- Constant downstream level.

EF-  Functioning with maximum upstream level (flood routing function) which makes it possible
to use part of the freeboard to handle excess intake.

These regulators are most frequently hydraulically operated by water levels (combined level
gates) but they can be controlled sector gates with local electronic regulation.

In case of hydraulically operated gates, they are fitted with an upstream float in a tank connected to
the level in upstream reach and to downstream float connected to the levels in the downstream
reach. The level combination law is obtained by a hydraulic relation using the various valves
connecting the upstream reach, the upstream float tank and possibly an intermediate tank, the
downstream float tank and the downstream reach.

Advantages of the system :
The combination of levels can convert several neighbouring reaches of the same canal into reservoir

reaches ; regulation volumes can thus be spread over a considerable distance with lower civil
engineering costs (marginal cost).
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