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PREFACE

In response to a request from the Government of the Republic of Turkey, the
Government of ‘Japan decided to conduct a feasibility study on Flood Control,
Forecasting and Warning system for Seyham River Basin and entrusted the study to the
Japan International Cooperation Agency (JICA).

JICA sent to Turkey a study team headed by Mr. Eiichi Y oshitake, Nippon Koei
Co., Ltd., 3 times between April 1993 and August 1994,

The team held disCussi_ons with the officials concerned of the Government ol
Turkey, and conducted field surveys at the study area. After the team returned to Japan,
further studies were made and the present report was prepared.

I hope that this report will contribute to the promotion of the project and to. the
enhancement of friendly relations between our two countries.

1 wish to express my sincere appreciation to the officials concerned of the
Government of the Republic of Turkey for their close cooperation extended to the team.

Qctober 1994

Kimio Fujita

President

Japan International Cooperation A gency






October 1994
Mr. Kimio Fujita
President
Japan International Cooperation A gency
Tokyo, Japan

Dear Sir,
Letter of Transmiital

We are pieaséd to submit herewith the Final Report of the Feasibility Study on
Flood Control, Forecasting and Warning System for Seyham River Basin.

The Reporl presenis the results of the Feasibility Study on Flood Control,
Forecasting and Warning System in the Seyham River basin comprising the
hydrometeorological observation plan, flood forecasting, optimum reservoir operation
and data collection, processing and transmission system. Based on the Study, the
optimuin {lood control, forecasting and warning system is proposed for the Seyham

River basin.

‘The Report consists of four (4} Volumes, the Summary, Main Report, Supporting
Report and Data Book. The Summary preserits main outputs of the Study. The Main
Report covers all the study results including analysis of the respective disciplines. The
Supporting Report gives additional and supporting information, and the Data Book
provides data obtained from the field surveys and investigations.

‘We would like to express‘our heart{elt thanks to the personnel of your Agency, the
Embassy of Japan in Turkey and also to officials and individuals of the Government of
Turkey for the assistance and advice extended to the Study Team. We sincerely hope that
the results of this Study will contribute to the national and regional development of the

country.

Y ours sincerely,

EiichgYoshitake

Team Leader

Feasibility Study on Flood
Control, Forecasting and Warning
System for Seyhan River Basin
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SUMMARY
1. | Introduction

Followiﬁg'the.mutual agfecrneﬁt on the Feasibility Study on Flood Control, Forecasting and
Waming SYstem for the Seyhan River Basin, the Study Team and DSI commenced the
'i'nve'sti'galidn wbrk in close cooperation with each other in April 1993. Since that time, the
investigation work, composed of Site Investi gation in Turkey and Planning and Analysis Work
in Japan, has progressed smoothly. In p'articu}ar,.the radio wave propagation test carricd out
for two and a half months in mountain_ous arca was successful in realizing our purpose with the

genei’ous support of the DSI Officials.

" Upio now, the. Study Tedm hdS submlttcd the following reports and the Minutes of Meetmg
were s;gned by both sels of delegates on each occasion:

- Ih;:e_:ptién Report on 12 April 1993
- Progress Report o_ﬁ'28 June 1993
= Interim Repbrt_o_n 8 November 1993
- Progress Report 2 on 24 March 1994
- Draft Final Report on 29 July 1994

On the basis of the agreed documents the Study Team carried out the formulation of the
loptlnnzed telemeter system, evaluation of the flood Runoff model, calculation of the project
' 'cost and benefits, etc. in Japan. This Fmal Report presenis the results of the Planning and
A__n_alyms work up to the middle of September 1994,

2. Background of the 'Przoject .
( i) - Present condition of ;pr"ojcct area

“The study area for'the Ptojcct_'is the Seyhan River basin which is located within the bounds of
36930 to 39015 North latifude and 34°45 to 37900 East longitude, and situated at the south

part of Turkey. The Seyhan River basin climatologically expands across two regions, namely,
the Central Anatolia Region and the Mediterrancan Region.

The:'Seyhan River basin is mainly composed of Zamant1 River, Goksu River, Seyhan River
after the confluence of the Zémantt-aﬁd Goksu Rivers, and other tributaries after the confluence
" of the Zamantt and Goksu Rivers. Total catchment area of the Seyhan River basin at the base



point of the Seyhain Dam is estimated 1o be 19,337 km2. The maxunum river length from the
Seyhan Reservoir's HWL is estimated to be 420.5 km.

Mediterranean climate is dominant in the Mediterrancan Region and continental climate is
dominant in the Central Anatolian Region. ' In the Mediterranean climate wmlers are warm and -
rainy, swmmers are hot and dry, and in'the continental climate winters are cold and generally
SNOWY, ‘summers are hot and dry. The subareas of the Seyhan River basin close to the
geographrcal region are transitional zones from the Mediterranean climate and the continental
climate, and the continental climate is more dominant than the Mediterrancan climate in these

20nes,

In the coastal area of the Seyhan River basin precipi'tat'ion is about 800 mm amimlly “At higher
clevations 1t increases to 1,000 mm, and in the northern parts of the basin the value dlmlmshes
t0 400 mm. Most of the precipi tat:on which is 50'% of the annual total fall between DeCember
and March. The mean annual prec1p1tat10n of the basin is 590 mm. Accordmg tc the chmatrc
features of Turkey; the prempltatlon fallmg over the : areas above 1 0(}0 m elevation in wmter is
genemlly in the form of snow and it produces the SnOW cover on the ground Snow melt starts
around the end of winter or at the beginning of spn ng due to the temperature rises of the air.

The Seyhan River basin spreads ever five provinces; the Sivas Province, ‘the Kahrainenmaras
Province, the Kayserl Province, the Nide Province, and the Adana Province, ‘Furthermore,
part of the flood plain in the: lower reaches belongs to the Igel Province. However most: part _
of the Seyhan River basin is covered by the Adana Province. Coverage by the Sivas Provmee
and the Kahramanmarag Provmce is especmlly margmal :

Socio-economic activities in the lower area is much more vital compared to the upper area.
According to the 1985 census more than 80 percent of total populatxon in the entire area are

estimated to reside in the lower area. The Crty of: Adana which is the fourth largest crty m c

Turkey with approxrmately 1,000,000 mhabrtants is the political, commerc:lal industrial, and
cultural center of the region. Most of economic activities mcludmg mdustrlal commercral
service, and agncultural activities are srgmfxcantly concentrated in the lewer arca. In the City
of Adana and its v1e1mty, many educa’s;onal cultural, entertamment health and soeral welfare
orgdmz:auons and facﬂmes exist and they are Vrtal '

Most part of the new eonerete levees between the mtake dam and the regulatory dam' may be

completed within a few years The new concrete levees’ aims to keep Hood time river width as .
same size as the Jow water channel.l Based-on this construction plan,” new develop_men_t in the™
areas between the old levees and the new levees is _'urlderWay-; The :de\lel_opment_i'ncludes a



large scale shopping mall, a theater, a large mosque, an amusement park, and other

entertainment and cultural facilities.

From the fegﬁlatc)ry dam to the south, an area between the existing levee and the low water
channel on the right bank is used as residential areas and {ruit tree yards. An area with the
above mentioned condition on the left bank is used as fruit tree yards and for grazing.

Within the gross project area, total 5,000 ha lands between the low water channel and the
levees are cultivated by farmers at their own risk. Wheat is the main crop occupies
appmmmately 50% of the land mostly with corn or soy beans as the second crop. Corn and

citrug follow it both with approxlmately 20% land.

Accor'di.ng to the Adana PTT regional directorate, three types of PT'T communications lines are

present below:

- The communications lines in Adana City consist of optical fiber cables.

- 'Locei_l'citieé are _con'nec'tcd via micro :wave radio communications links.

- . The 'éémmuniéét_ti_ons lines between a majority of the cities, towns and villages

. along the Seyhan River basin areas, are made up of open wires. |

Thé telecommunications network of the DSI consists of HF-SSB radio communications
equipment, VHF radio éommu’niqations equipment and VHF walkie-tafkies. The EIE
possesses HE-SSB radio cOmﬁiuni'cations equipment, VHF radio communications equipment
and VHF walkle-talkxes T he DMI telecommunications network consists of METEOSAT
receiving equipment and HF and UHF radio telex communications equipment.

The électriéal cnergy in the Séyhaﬁ River basin areas is supplied by Cukurova Elektrik A.S.,
*_the TEK Adana regional directorate and Kayseri ve Civari T.A.$.
The foiiowmg surveys were obtained as to the current electrical power supply conditions in the

| Seyhan River basin areas:
_ Adana Regr ion Kayseri Region
AC power source, 1¢ : 220V + 10% AC power source, 1¢ : 220V % 5%
7 50Hzz 2% 50 Hz + 1%
. AC power source, 3¢ ; 380V + 10% AC' power source,3 ¢ : 380V x 5%

50Hz+ 2% ' : 50 Hz + 1%



(2) Present flood control

* Flood season is from November to April. Rainfall increascs'in' this season and mciting sSnow
boosts up the river discharge. Some annual peak runoffs in summer scason are recorded at the
tributaries of the Seyhan River basin.  The flood in 1980 was the biggest flood and gave the
biggest damage. Flood damage took place not only at the Cukurova plain. but also at the
upstream arca and tributaries of the Seyhan River. Around Feke distiict, floods hit in 1979 and
1980. The flood in 1980 destroyed 21 buildings and damaged 76 buildings. After the flood, -
the river bed was widened from 16-17 m to 30 m. The food is equivalent to 100-year probable
flood. _ . _ _

The Sejghah River meanders largely from the déWnstream of Adana city. The river length of
the high water channel between the nght and left levees is 51 km, while that of the low water
channel of the original fiver bed is 86 km The groyne struclures were constructed at mzmy '
curved locations in the low water channel. Through cxperience, the low water channel may

have a bankfull flow capacity of 500m3/s.

A feasibility study for the Séyhan' Dam was carried out in 1949 o 1651,and wzi_s constructed in
1953 10 1956. The gated spillway is located bétWeen the emergeﬁcy spillway and the dam
body. Radial gates of 6 nos. with 7.0 m width x 6.1 m hezght are installed on the splllway
weir. The spillway has the capacity of 2,500 m3ls d1scharge The power plant is located at the
Jleft bank, of which design dlschargc is 231 m3/s (3 unit x 77 m3/s) Irng'ltlon oailet is’
equlpped on the penstock of the power plant,. which j 1S - connected to the irrigation channel YS1
-with 11 m3/s capacity. On the nght b:mk of the dam, pump station for 1mganon intake is
locaied, which is.connected to the 1mgat10n channel TS1 with 21 m3/s capacnty No other |

outlet f; acxhtv is equipped with the Seyhan Dam.

The first investig’atibh of the Catalan Dam Was ﬁnadé m 1966. T_he Catalan Dam was studiéd in
the Lower Seyhan Master Plan Report in 1980. The flood damage in 1980 harnessed an urgent
implementation of the Catalan Dam construction. The dam construction wé_s-_stﬁrted.on’ 12
February 1982. After the dam completion, the Catalan/Seyhan'des wiﬂ be éblé to prdtect the
downstream area against 500-year probable flood. The Catalan Dam will flrm up power

generation at the Seyhan Dam..

The (,,ukurova plam irrigation project was initiated by construction of lhe main canal at the nght -
 and left bank of the Seyhan River from 1937 to 1947. In order to- proLect the imgatlon farm
from flood, the Seyhan River levee was, constructed at the nght and lcft bank from 1949 to_'
1953. The total length of the levee was about 100 km along the nght/lef t levee The lcvec was .
designed to have flood capacity of 1,200 m3!s with 1'm free-board. After the flood i in 1975, a

S-4



part of levee st_retchIWas heightened or reinforced. After the flood in 1980, the levee on the left
bank was extended at a few kilometers distance loward the Mediterranean sea to protect two

villages.
(3)  Present condition of flood forecasting and warning

The current data transmission system duri_ﬁg floods in the Seyhan River basin can be broadly
divided into two sub-systems: -a data collection sub-system and a data transmission sub-
system. . Data and information on flood control activities can be broadly classified inio
-mt_’,_teorolo.gical_ informatic)n,'hydrometedroiogical data and dam data. About eight (8) [BM
personal computers and éb(mt thirty (30) ARC personal computers are provided in the DSI 6th
regional directdra_te. The IBM p'ersohal‘computers form a local area network (LAN), and the
ARC personal computers are now used by individuals. The inflow volume from dams are
- estimated using these personél computers, and dafa is manually entered. In the event of
flooding, a flood control commlttee is orgamzed in the DSI 6th regional directorate to
undertake flood control activities for the rivers currently under the management of this
directorate. Also, the ASO s specially _orgamzed to undertake flood control activities for the
' _dlownstre'am Scyhan;ﬁr'e"a. ‘Information 'Qn these flood control activities is transmitted through
' :VHF_ radio communications network. Currently, the occurrence of any signs of flooding is
'r‘:epor:ted from the flood control committee of :the DSI 6th regional directorate to the Adana
provincial g_oyefnb_r. Th_e Adana provincial governor gives directions to each head of official
- district to undertake e'vac'uation activities for the residents. . The provincial governor, after
having been infl ormed f) rom the _ﬂood_confrol co_rhmittee to the effect that there are signs of a
.Iarge-'s'cale.ﬂobd, convokes the Emergency Assistance and Rescue Committec takes the
B c'ommand'of the committee during evacuation activilies.

In Turkey, the flood forecasting and “fafning system is not established for the river
: management using real time and on-line data transmlttmg and processing systems. Inflow can

be f orec,ast by the correlation between downstream water level or discharge and upstream water

level or discharge, with the estimated travel time of the flood wave between the two locations.

Information on upstream water level can be reported by local observers, by telephone line. The

mean snow melt runoff calculation is carried out for the snow melt duration, estimated by
: degreeday_method, ~



3. Basic' Coﬁcepts’zl' of Flood Forecasting and Warning -

‘The objective of the Flood Forccasting and Warning is to establish the Flood Protection Systcm
in the Seyhan River basin and main items are described as follows; :

- Flood pl'o_teétion of levees in the lower reaches
-~ Filood control of Seyhan and Catalan Dams
- Dam ope:ati_dn for hydroelectric power generation

The river siructures whlch are treated for the Flood Forecastmg and Waimng System are
Seyhan Dam and ‘Catalan Dam. - Catalan Dam is aiso the multipurposc dam which shall be
regulated for flood control Bascd on the forecastmg of the inflow into the reservoir, the

outflow shall be’ mput in the forecastmg system.

The ﬂood runoff forccastmg can be made by estimating the rainfall - runoff process or/and
snowmelt runoff ; proccss The future's inflows’in a few hours mto the Seyhan and Catalan

Dams can be forecast by the measured ralnfall and f orccast rainfall.

To take into con31derat10r1 the runoff from the subbasms and the routmg effects of the river
channels, the followmg non-linear hydrologlcaj models are applied.

- = Storagef unction basin 'model for rainfa]l—'tunoff process in the subbasins .
- Storage function river model for river channel routing effects - '

The simpie snowmelt runoff _ mt)del IS alsd.c_:onstruq'te'd _zind combined with the above models.
The method of flood forccéz_sting is summarized below:

- To compute the flood runof fs based on the flood runof f models
- Toevaluate the past forecéstin g errors by the updated telemetered inf ornation - -
- To forecast the future flood runoff w:ith the presently measured and telemetered

information -

The following lists basic ideas for flood forecaétin'g and xvarhihg system in Seyhan River

basin.

- Hydrometeorological data is collected from h:yc‘lrolo'gii'c= rstandﬁéiﬁ't:fof flood

control in Seyhan River basin and flood forecast is executed. DSI6th regional |

- directorate is agency which administer river cdntrol'o'n the basis of pi‘ocessed
data. - ' ' ' . '



- Seyhan _Dam‘énd (;atala_ri Dam (under construction) are most important flood
protective facility for flood control inIScyhan River basin, and therefore, it
requires f ést_ and high quality system to transmit data and information regarding
Operatidn and management of these facilitics.

- Itrequires the system to collect Hydrometeorotogical data fast and certainly, to
process fast flood forecast and transmit certainly flood warning. '

Flood forccasting and warning sysfem is composed of system to collect data, to process data
and 1o transmit data. It requires systerﬁ design to combine these organically.

4. Formulation of Optimum Flood Forecasting and Warning System
(D Formulation of hydrometebl'ologig:al observation plan

Based on the comparative studies to formulate the representative waler level and rainfall

gauging stations to be telemetered, three alternative plans are conceived as summarized below:

' Alternative Plags of Hydrometeorological Cbservaiion Network

Alternative No. of water level No. of rainfall No. of Note
geuging station gavging station ternperatun;
’ . gauging station

Forecasting
Basc station statiop®

1 ' 8 ' 2 16 : 7 " Zamanti and Gaksu Rivers are

divided into two subbasin at 1822
. and 1801 :
2 6 2 13 i Zamanh and Goksu Rivers are
. . : treated as one basin
3 T 2 10 7 Zamant River is divided into two

subbasins at 1822, but no rainfall
stations are installed for sub-basin
above 1822

Note *: . Forecasting station is installed at Seyhan and Catalan Dams.

Among threc conceivable alﬁernative plans studied by the statistical methods and hydraulic
consideration, Alternative 1 is the mosi suitable plan for the Seyhan River basin taken into
consideration the unpredictable natural phenomenon.



Optimum Plan of Hydrometeorological Observation Network

Bise Wete'r Level Gatging Forecasting Water Rainfall Gauging ~ Temperature Gavging

Station - Level Gauging Station, Station Station
1822 (Zamants upstream) Seyhan Dam CatalanDam Karsanlt
| 1806 (Z_anmuﬁ downstream} -(;stalsnDam . Karsant1 , _ Pozanti
1801 (Gol\su upstreamn} : | Ciftchan 7 Kamigh
1805 (Goksu downstream) o Pozantt Mansurlu
.1‘81;8 {Sceyhan Rlver) _ _ _ Kataisals ' .Tufanbcyli
1825 (Blence River) o Kamiglt Sihi (Seyhli)
1820 (Korkin River)  Camardt  Towama
1828 (Gakat River) ' Feke
a . Mansurlu
Saimbeyli
“Tufanbeyli
Kazancik
- l—‘fmarbas_l"_ .
Sthit ($ejrlﬂi)
.Toklar |
Tomarza .
) Formulation of optimum plan :

The flood forecasting and warmng system consists of three subsystems the data collectlon _
system, the data progessing system and the data transmission system ' :
During setup of alternative plans combinations that allow these sub- systems to ex1st as
alternative plans n terms of the relationship between the functlons and processmg capab111t1es
of each sub-system, the scale of facilities, and costs, are studled

Two alternative plans can be derived from the studies described in up to Section 5.3. These
two alternative plans, namely Alternative A and B, are studied in comparison below;

Alternative plan A is combinations. of alternative plan 1 for the dala _coll_ectioﬁ sysiem,
alternative plan 2 for the data processing system ‘and alternative plan 1 for the data transmission
system, o . | EARREE

Altematnve plan Bis combmat:on of alternative plan 4l‘0r the data collectlon system alternatwe o
plan 2 for the data processmg system and alternatwe plan 1 for the data transnnss:on systern



Alternative plans A and B are derived from the results of evaluation of the basin rainfall
calculation accuracy of collected rainfall gauging stations and the support functions of
“calculation itccura(;y by radar rain gauges. These two factors are studied in Section 5.3.2 (2).
It-is considered that alternative plans' A and B differ in the functions of the corresponding
facilitics: The degree of appliéation to various needs for system functions also is considered.
If the information obtained from the flood forecasting and warninig system is fo be divided into
direct information and indirect information, then although the former would usually become
| higher in the degrec of needs, the latter would also be requircd. Overall judgments therefore
are performed, including the compariéon of facilities construction costs.

It is judged to be appropriéte from"thc above studies that alterhative plan A should be
 formulated for the intended system for the moment. As studied previously in the section on
radar rain gauges, it can be said that for the flood forecasting and warning system, radar rain
gauges also become powerful équ'ipment'that complements the functions of ground rain
gauges. Itis deéirable, therefore, that use of radar rain gauges will be included in future plans
‘and that the facilities costs for these rain gauges will be improved in steps. Alternative plan A
should be formulated és_thé_optimum plan for the reasons listed below.

(1)  The studies discussed previousiy in Section 5.4.4 indicaic that the difference in
“facilities costs between the two Alternative plans becomes about $6,661,320 under
the cost estimatibn conditions, and compared with alternative plan A, alternative plan

‘B brings about si gnificaht total system cost burdens.

2 - .I_rl éét_uai forms of system operation, a majority of existing flood forecasting and
~warhing sy_stéms use :ground ra_in-gauge data, not radar rain gauge data, as the basis

for judgment., Si’_nce; ‘however, radar rain gauges have the feature that they can

analjg_z_é the areal and dynamic ch_afaétetistics of rainy regions, many systems actually

use them as one powe'rfu_l-'cprhponcnt that complements such function of the systems.

3 ~Although imptbyement of the 'éccuracy of radar rain gauges is likely to become
| pos_sible by carrying out analy'tical studies based on after-installation data storage, it is
' judge_d to be appropriate that for the moment, ground rain gauges should be used fo
pctform flood forecasts and warnings, because the ground type surpasses the radar
‘type very significantly in terms of the history of actual data storage.



5.  Hydrometeorologieal Analyses
() Mean basin rainfall model

The Thiessen method was apphed for ealeulaung arcal rainfall averages n sub basms in the
Seyhan River basin, For the purpose of estimating the basin mean. rainfall; the repreqentatwe
rainfall gaugmg station is selected among the existing rainfall gauging stations by the statistical
method, namely, the multiple linear regression analysis on the observed storm rainfall records.

) Subbasin rainfall-runoff inodel

Non-finear ramf all-runoft- modei so called, Storage Function Model is apphed for the ramfall-
runoff model. Storage function between basin storage S and basin runoff Q, namely,
constants K and pcan be determmed by the past rainfall and runoff records. -

The main characteristics of Storage Function Model are s'ummarized as f ollOWs.' '

(a) The basin storage process 1s addilionél_ly' introduced betw'een'rainfall-ruiioff '
process. _ ' | . :
(b) The basin storage is expressed asa catalytle function. The relatlonshlp between
_ rainfall and runoff is expressed as an equatlon _ _
(¢) By this equation, water budget of storage volume can be caiculated Fmally, |
runoff hydrographs can be obtained.

3) River routing model

Apphcauons of hydrologlc routmg techmques to problems of ﬂood pinlLthIl are numerous

other orgamzauon:s overseas mcorporate some form of this techmque to predlct ﬂood stages in
advance of a severe storm. Additionally, the synthesm of runoff hydrographs f: rom gauged and
ungauged watersheds is posmble by the use of basxc assumptlon mheient in thxs approach

Non- lmear hydrologw river- routmg model was. also mtroduced by Dr Kimura thh an

assumption of the river channel storage. The mam characteristics of Storage Function Rlveri o

Modei are baswally the same with Storage Funct:on Basin Model



(4)  Rainfall-runoff event simulation model

The rainfall-ronoff event simulation model by storage function method is constructed for the
Seyhan River basin as a main flood forcb_asting computer program. The parameter sciting of
the models is undertaken based on the comparison of observed and simulated values at the base
points for the calibration of the models. For the purpose of creating an casy-to-usc model, the
 interactive computer software for simulation, namely, Extend, version 2.0 is used.

5 Snowmelt runoff model

The several factors, such as, snow line, relationship between temperature and elevation,

snowmel_tirig zone and snowmelt rate in a basin are discussed regarding the snowmelt runoff

process and the prediction eqtiaiions to estimate the snowmelt due to the temperature increase in

a basin are presented Reflected upon the avaliablhty of data required for the snowmelt runoff
_ estlmate the simple snowmelt runoff model by regression analysis is adopted {or the Seyhan
River flood forecastmg._system, The temperature indexes are selected to estimate the snowmelt
runoff because of the 'e_asine's_s of data availability. The flow chart of snowmelt runoff
determination by the temperature indexes is described in Figure 6.3.5. Based on the flow chart
and data hypothetically estimated in a subbasin and measured at the meteorological gauging
stations, the estimate of snowmelt runoff in 1980 flood is made as a typical example of the
snowimelt runoff in the Seyhan River basin.

{6) - ZSimuiati_on of ﬂon ﬂdw and fofecasting

The calibration of the event simulation mode! presented in 6.2 is carried out by the following

basm con51dera110n '

-+ The calibration of the event simulation combined with basin and river
: .models-in the entire Seyhan River basin is mainly carried out at the
, gaugéd base po'ints.
. The éalibr_ation of the event simulation is mainly carried out at the Seyhan
Dam taken into consideration the consistency of the parameters in terms
of the basin and river characteristics.

The proposed flood runoff model m the Seyhan River basin is selected by the evaluation of the
results of the comparative study on the calibration methods. The selection is made for non-
snowmelt season and snowmelt season.



Bascd on the above evaluation, the calibration method by the in'tcgrated' storage function is '
considered to be much more reliable and safer than tho calibration method by the gaugcd bas.e

pomts
The proposed flood runoff mode] for snowmelt season is composed of the following models.

(2) Storage function basin and river model for'snowmelt season

[{»)] Snowmelt runoff model

Two models {a) and (b) can be combined by the event sim'ulation of Extend. Resulté of

computation for flood in 1980 are shown in Figure 6.4.2.
6. - Optimum Comprehensive River Control.
(D) Flood innundation and damage

Non-uniform flow ana,lysns method 18 applled to routmc the river water surface to the megular

river cross secuon at the downstream siretch.

In accordance with'DSI’s'cxpcﬁe_nce, low water channel capacity 1s estimated'at_'about 500
'm3/s. That of high water channel is experienced at 1,200 m3/s with 1.0m free-board and'at
1,800 m3/s w1thout free-board. The discharges of 200, 300, 400 and 800 m/s are exammed' _
for the low water channel Those of 1 2(}0 1,600 and 2 000 m3/s are exammed for the high

water channel.

The clcarance between the river water surface and fow water channel shoulder is bigger 'w:he're -
the low water channel width is wider and the channel depth is deeper.” The river ﬂow dxscharge

less than 300 m3ss does not inundate the hlgh water channel, The discharge of S00 m3/s

inundates the hi gh water channel until 20 km from Sec-26A. The river flow discharge above

700 m3/s inundates the high water channe!l at the full stretch. The bankfull discharg,e is

estimated at 2,000 m3/s or river flow may over-flow at some stretch. If the above Japdnese |
criteria is applied, the desxgned dlSChal'[,e 1s-attained at I 2(}0 m3/s, though free board is less |
than 1.0 m at some stretch. ' : ' .

The present capacity of high water channel of the downStj‘eém_Iiver is carefully checked by the
past flood records and the operation records of flood routing activity at the Seyhian Dam,



(2)  Flood flow operation

'Splll -out dlscharge is to be mmlmlzed so as to decrease flood damages at the downstream, or
flood water is fo be Stored in the feservoirs as much as possible. There are two methods on
dam gate operation rule to regulate flood flow. One is called as "constant outflow operation"
and the other is as "constant ratio opératien". Opcratioh rule is explained below,

Flood routing at-Catalari Dam is carried out by "constant ratio operation” to examine the
optimum spill-out d:scharge Flood hydrograph at 500-year probability is adopted in the
analysis. Target sp:ll out dlscharge (Qy) is changed at 600 m3/s, 800 m3/s, 1 ,000 m3/s and -

1,200 m3/s.
(1) - Flood control vdl:n'm'e = 628 x 105 (m3)
{2 Safety factor =12
(3) Flood control volume wuh safety factor = 628 x 109 il 2 =1523.3 x 106(m3)

Spillout discharge of 800m3/scc.is selected for Catalan Dam.

Companson at the Seyhan Dam between “constant outflow operation" and "constant ratio
operat:on“ operated at the Catalan Dam is'made in Figure 7.2.4 to 7.2.7. The results are

- summarized as follows

Constant ratio operation at Catalan Dam

~ Spillomt  Iuflow - '
- from Catalan © from subbasin Inflow peak Stored vol, Max. RWL  Qutflow
A2 582 md/s - 280 m3/s 861 m3/s 132.2x106 m3 63.73 m 591 m3/s
1/5 . 622 m3ls S 435 milss 1,054 mPfs 148.6x10% m3 64.03 m 659 m3/s
/10 647 mPls 550 m3/s 1,195 m3/s 162.9x105 m3 64.29 m 720 m3ls
150 715mPs 825 mi/s 1,534 m3/s 194.0%x10° m3 64.84 m 856 m3ls

1100 738 md3/s. . 955md/s’ 1,691 m¥s  206.6x10% m? 65.06 m 913 m?/s

Constant outflow operation at Catalan Dam

“Spill-ount - Inflow
- from Catalan from subbasm Inﬂow peak Stored vol. Max, RWL Ontflow
U2 1175mis 280 m3/s - 1,455 mds 158.1x10° m? 64.20 m 699 m3/s
15 1,200mdls - 435 m3/s. 1,635 m3/s 210.6x10° m3 65.13 m 931 m3/s
1710 1200m%s . 550m3s 1,750 md¥ls  247.7x105m? 65.76 m 1,102 m?/s
1/50 1,200 md/s 325 mdls 2.025 m?/s 287 3x105 m? 66.40 m 1,288 m3/s

1100 1,200 mi/s 955 m3/s 2,155 m?/s  288.7x10% m® 66.42 m 1,293 m?/s



3) Water use operation

Daily power generation is simulated in case of "without system" and "with system". Daily
inflow (Q;) in 1970, 1975 and 1988 are adopted: Daily inflow (;) on the operation da_y is
assumed as same as the Q; on the previous day, in case of “without system" operation. 1t is
assumed that Q; on the operation day can be forecasted in advance; in case of "with System" _

operation.
- (Unit: MWh)
Year - Probability "Without system” "With system" -
1970 - i 715,96_2 717,567
1975 ) 15 : 790,301 791,919
1988 - 1110 - 902,199

996,315

It can be found that power operation "with system” can geﬁerétte energy more stably than

wer operation "without system".
po e ¥

Additional energy pr’odudioh obtained by the difference of opérat_ion is calculated and tabulated

‘below.

(1) Gatalan Dam (T.W.L = 64.0m, he = 3.0m)

2-vedr 3 Syear ' 10-year S0.year - 100-year”
Difference of Storage . : ' _ s , S
Volume (x 10° m3)* x : 44..1 . 86?9 : 1243 | ' 178..5. S 198.4
Ave. WaterLevel - . 1189 1193 1197 1205 120.9
Ave.Head(m) - 519 - 523 527 535 539
Encrgy oulput MWh) 5296 10516 - 15157 22097 . 24744

(2) Seyhan Dam (T-W.L =30.3m, he = 3.5m)

. _ .2—year.;- 5-year ._ . 10-year Sr-year - '. 100~ycaf
e o pa® 259 . 620 84.4 933 . 821
Ave.WaterLevel 626 631 - &4 - &7 @
Ave. Head (m) 288 293 296 209 . 299
Fnergy output (MWh) 1726 4,203 5780 6455 5680

* . Storage volume by constant outflow operation - Storage volume by constant ratio oberalibn ) -



7. Feasibility Grade Design for the Optimum System

(1 System configurations

The 6yerail configuration and ftlnc_tional block diagram of the flood forecasting and \vafning

. system should be shown in Figure 8:1.1. "The flow chart of data should be shown in Figure

8.1.2.

The overail c_i;éuitto_ﬁfigﬁra_tion of the flood forecasting and warning system should be shown

in Figure 8.1.3.

The station configuration of the flood forecasting and warning system facility should be shown

. in the table below.

Type of station

Number of stations

' Contro! center (DSI Gth regi'o'nai directorate flood control committee)
Data monitoring stauons (s general ducctorate Adana BIE and DMD)
Seyhan Dam ofﬁce famhty :
Catalan I)am office facility
Multiplex’ radio repeater stations
Mulli_plex radio repeater stations (I‘ elemelering repeater stau'o.n also provided)
Teléﬁleteﬁng repeatér stations (V-V and Cross type) '
Watey fevel gauging staﬁon_s (Seyhan Dam and Catalan Dam water level included)
Rainfall gauging stations (C&atalan.]).am rainfall included)
Rainf: all.ftempcrature gaugmg stations
Adana Provincial Governor
| UHF repeater station . .
' ASO UHF radio liaison ntauons(})ogankent and Yenice)
Townfvxllages head UHF radio laison stations (downstream areas of Seyhan Dam}

- Mobile station

B S U

i=]




2 System scheme and function outline

In principle, the intervals of data collection should be based on the following table:

Gauging item Collcetion condifions: " . Remarks
. S Calenlations of hourty rainfall, every hour
Rainfall Lvery hour on the hour on the hour, become 't)I(le minimun mj:]t
: It is preferable that whenever neces-sary,
Waterlevel Every hour on the hour collection of any data should be possible.
. It is preferable that wlicnever neces-sray,
. Airtemperature Every hour on the hour collection of any data should be possible.

Data should be transmitted in image service from the control center. The service area and the

types of services should be listed below.
(a) , =Imagt:a service c_lesfination stations and service types

The following lists stations to which image services =sﬁ'o'ul.drI::Ae provided:

lmage data distribution Image data ;d:islribulibn destination Service iﬁagé type '
source : :
e Control center » D81 general direciorate . * River basin status chart
(Flood control committee of  + Seyhan Dam office _ o « Rainfall data table
DSi6th regional-direéto_rale) » Catalan Dam office * Water level data table
s Adana EfE regional directorate . » Dischmge data table

+ Adana DMl regional directorate .+ Airtemperature data _lablé N
' L * Rainfal chronological graph
. Water level chrondlogical_ g{éph
« Discharge chronological graph

« Air temperature chronological graph
8. | Implementation Plan and Cost Estimation
(1)  Implementation schedule

The implementation schedule for the structuring of the flood forecasting and warnin g system is A
“shown in Table 9.1.1.. ' . SR

The entire work, which ranges from detailed designing to civil 'coﬂstruciibn work, equiﬁméht. _
procurement, transpostation, installation, adjustment, acceptance test and site OJT (On -the-Job

S-16



Training) will be completed within twenty two (22) months; this period considering the scale of |
- the system and the number of places which require work.

(2)  Construction cost estimation

| Direct construction work costs are estimated on the basis of the work quantities and work unit
* costs during the feasibility study. The major assumptions and conditions for construction cost

estimation are listed below.

(@ 'All'prices.will be the market prices existing as of February 1994. Commercial

~ power leading-in work expenses and inland transport expenses, however, are

“estimated by multiplying the market prices existing as of February, 1994, by
1.6. ' '

(b) Con'stlruction costs are estimated in both foreign c’urrency. (the US. dollar) and
domestic currency (the Turkish lira). The exchange rate as of February 1, 1994,
is used as that of the dollar and the yen. This exchange rate is shown below.
$1'=¥109.20 -

(c) Construction costs consist of the following items:

Direct construction expenses

Governmental overhead expenses

3

Engineering expenses

Educational and training expenses

1

Provisional expenses

(d) Land compensation expenses are estimated in domestic currency and included in
~ comsiruction costs. '

Outline of the construction costs is given below.

ftem Foreign cutrency . Pomestic cureacy
. ' - (Unit. §) (Unit: 1000 TL)

. Direct construction expense - = 10,096,490 : 19,743,400
Landacquisitionexpense = . | o 0 6,600
Governmental overhead f_:xpeﬁse ; : : | 0 197,454

. Engineeringespense” . . - ' 1,170,200 0
EducatiénalItrairxinéexpeme ' 148,580 - -0
 Provisional expenses o , 554,870 2,630,010
Total construction expenses __ 11,970,140 22,579,464




9. Evaluation of the Project

The evaluation consists of the following three component' a) iderit'ifice'tien of the proj'eet'
impacts, b) fmanclal and economic analyses, ¢) social and technological evaluatlons The
expected project impacts are identified from the typical or theoretically possnble impacts by the
flood forecasting and warnmg system conmderlng the present and expected future condltlons
and activities, and past experiences. Among the 1dentzf1ed impacts; quantlfiable ones in
monetary term are uiilized for financial and economic analysis and othcrs are elements of -the
social and technological evaluation. The economic beneflts of the pro;ect are the followmg
items: (1) substitution effect of the personnel related to the flood fmecastmg and warning by
the system, (2) Decrease in flood ‘areas/damages by propel dam operatlons and (3)

Maximization of feservoir water use by more ﬂex:ble and appropnate dam opcratzons

The EIRR of thlS prOJect is4.75% with 2 years construction perlod and 17 years of prc:ject life
~ cycle. The figure is sli ghtly lower- than the agncultural development prOject s 5% opportumty
cost. Although the ¢conomic _flgures are n_ot-_Iavor_able for. the project 1mple_mentat10n,
technological and socio- economic factors including (1) increase in social 'séfety feelings by
reliable information, decision making, and proper pubhc sector's action, and decision rnakmg
for the implementation, (2) decrease in pOSblblllty of potential risk reallzatlon and increase in |
social safety feelings by reduced d;seharge water volume from the Seyhan Dam during the
flood time (3) the valuable: expenence of D8I in regard to the introduction of new technology |
concerning flood forecasting and the telemeter system for the Seyhan River Basm will help to
secure the spread Seyhan River of the up-to-date river administration throughout the country,

support the positive decision making.

" Furthermore the amount of the investment made for the ﬂood protectlon of the Lower Seyhan' |
Reaches consists of the Seyhan Dam, the ex:stlng and new le»ees and the Catalan Dam, and '
the new on going capltal 1nvestment on the former HWC in the. Adana Cuy, the investment of

“the system may acceptable for the society to have its contnbutlon to more accurate and faster '
flood forecasting aiming the reliable dam operatlon and the reliable information provxsmn to the 3

society.

Such funcl;ton become the eye and the edr of the generai pubhc and attract pubhc attcntlon o
Therefore this project is apprecxated not only as a result of the lmmedlate economlc effect, but |

because it greatly contributes to society. The beneht of the project cannot be esumated in

monetary terms but in terms of the savmg of human life, stabillzatlon ot hvmg condmons ‘and
advancement of flood foreca.stmg teehmques ' ' '



10.  Recommendation
(1) . Proposed organization and administration

The existing legal, organizational and administrative functioning system detailed in the previous
section seems to be compatible with the envisaged aims. The organization chart and
administrative structure implemented by DSI in flood control and fighting measures (See Figure
23.3) havea séo‘pc that can best serve the system to be proposed.

The existin g organization chart (Pigure 2.3.2) which is used by General Directorate of DSI and
Regional Directorates for flood protection and fighiing measures will be adequate if it is
equipped by additional staff and equipment.

(2 | Hydrometeoroldgica] observation

“In view of the above, the'followin.g works and studies are to be carried out by both DSI and
- HE:

. Continuation of flood observation

- Continuation of periodical discharge measurement

- Updating of rating curves

- Continuation of snow depth and related observations

3 Maintenance managementsystem

To efﬁciently operate the ﬂood forecasting and warning system in the Seyhan River basin and
make _t.his_syst_em develop its maximum performance, it becomes important to establish a
maintenance and managerﬁeni system that matches to the particular configuration of the facility.
Figure ._1 1.3.1 shows an example of a maintenahce personnel system that is recommended for
the maintcnancé and management of flood forecasting and warning system. It is necessary that
seeing Figure 11.3.1, the DSI 6 th regional directorate should secure personnel, then
educate/train them, and establish a maintenance and management system.
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1. INTRODUCTION-
1.1 Background

The government of Turkey (GOT) requested the Government of Japan (GOJ) in January 1991
to conduct the Feasibility Study (the Study) on Flood Control, Forecasting and Warning
System for the Seyhan River Basin in the Republic of Tuikey.

In responsc to this request GOJ d_ecided to implement the Study and concretely the Japan
International Cooperation Agency (JICA) was decided to carry out this Study.

Thereupon JICA dispatched the Preparatory Study Team (SW Mission) to the Republic of
Turkey for 2 weeks, from 22 July to 4 August 1992,

The SW Mission conf inn.ed the Terms of Reference, collected relevant data and carried oul site

investigation.

The Scope of Work (SW) in which the real plan of the Study, proper measures of both

countries, and so on were included, was discussed by the two countries concurrently.

Consequently SW of the Study was agreed upon in July 1992 between the General Directorate
of State Hydraulic Works (DSI) and JICA.

The objectives of the Study are as follows:

(D to formulate an integrated flood control, forecasting and warning sysiem based on
devélqping the data collcction and evaluation system for the Seyhan River Basin

(2) to effect technology transfer to the Turkish counterpart personnel in the course of the
- Study '

- In accordance with this mutual agreement JICA organized the Study Team, composed of 9
experts, and commenced the Study from 4 April 1993 in collaboration with the officials of
DSI. ' '

Besides, JICA has established an Advisory Committee to occasionally provide the Study Team
with technical support throughout the Study period. -



The members of the Comniitice are senior Japanese Government officials and are listed in
Table 1.1.1.

The Turkish counterparts for the Project were organized from among the parties concerncd as
listed in Table 1.1.2.

1.2 Work Progress

Following the mutual agreement of 'both sides, mentioned above the Study Team and DSI

commenced the investi gaﬁon work in close cooperation with each other in April 1993.

Since that time, the investi gation work, composed of Site Investigation in Turkey and Planning

and Analysis Work in Japan, has 'progressed smoothly.

In pamcular the radio wave propdgatlon test carried out for two and a half months in
mountainous area was successful in realizing our purpose with the generous suppoﬂ of the DSI
Officials.

Up to now, the Study_Team has submittéd_the following reports and the Minutes of Meeting

were signed by both sets of delegates on edch occasion:

- Inception Repbrt on 12 April 1993

- Progress Report 1 on 28 June 1993

- Interim Repoft on 8 November 1993
- Progresé Repoxl't 2 on 24 March 1994
- Draft Final Report on 29 July 1994

On the basis of the agreed documents the Study Team carried out the formulation of the
optimized telemeter system, evaluation of the flood Runoft model, calculation of the project

cost and benefits, etc. in Japan.

This Final Report presents the results of the Planning and Analysis work up to the middie of
September 1994. o ' '

1.3 Objectives of Final Report

The Final Report is submitted after obtaining final authorization of both countries on the subject
matter of the Final Report.



The aim objectives of this Report are summarized below:

(1)
(2
(3)
(4)
&)
(6)

execution of the radio wave propagation test

formulation of the optimized telemeter system

hydrological study of flood

formulation of the optimum dam operation rules

synthetic evaluation of the flood forecasting and warning system
recommendation related to flood control






2. BACKGROUND OF THE PROJECT
2.1 Present Conditions of the Project Area
2.1.1 Locatidn, area and topography

The study area for the Project is the Seyhan River basin which is located within the bounds of
36030 to 39015 North latitude and 34945 10 37°00' East longitude, and situated at the south
part of Turkey. The Seyhan River basin climatologically expands across two regions, namely,
the_ Central Apatolia Region and the Mediterranean Region. The Seyhan River basin straddles
administratively the provinces of Sivas, Kayseri, K.Maras, Nigde and Adana province. The -
catchment area of the Seyhan River basin within Kayseri province consists of the middle and
upstream reaches of the Zamanti River. The Seyhan River basin in Adana Province consists of
the downstream reach of the Zamanti River, the Goksu River basin and the mainstream basin
of the Seyhan River and its tributaries. The location map of the Seyhan River basin and its
sub-basins with the proviﬁcial boundaries are shown in Figure 2.1.1.

The Seyhan River basin is topographically camposed of the following three areas;

- Stecp mountainous area which formulates upstream and middlestream reaches of
the Seyhan River basin, with elevations ranging 1,000 - 3,000 m ASL (above
sca Ievel). | | ‘ i

- - Hilly pllateau area which forrﬁulates the lower part of the middle reach of the
Seyhan River, with the elevations ranging 250 - 500 m ASL, and |

- Delta plain area which expands at the lowest part of the Seyhan River after the
City of Adana, with elevation of about 10 m ASL.

The Zamant: River rises from Mt. Karaca (EL.2,079m) of the Kulmag Mountain Range and the
Goksu River from M. Séndikdc’re (EL.2,601m) of the Tahtalt Mountain Range. Two rivers
flow approxifnately in parallel in the .sou-th-southwest direction and merge at a point
approximétely 70 km north-northeast of the City of Adana to form the Seyhan River. The
~ Seyhan River goes down, passing the urban area of Adana, and feeds into the Mediterrancan
Sea 50 km south of the Seyhan Dam.

2.1.2 Hydrometeorology
The Seyhan River basin is mainly composed of the following tributaries;

- Zamanii River,



- Guoksu River,

- Seyhan River after the confluence of the Zamantl and Goksu Rivers, and
- Other tributasies after the conflucnce of the Zamant: and Gksu Rivers.

Other tributaries after the confluence of the Zamanti and Goksu Rivers are furthermore divided

into the following rivers;

-~ - Eglence River which merges into-the Seyhan River at the Catalan Dam,
- - Korkiin River which drains into th_é existing Seyhan Reservoir,

- Ugtirge River which drains into the existing Seyhan Reservoir,

- ‘Cakat River which drains into the_existing Seyhan Reservoi'r,-élnd :

-~ Other small tributaries which drains into the Seyhan River alter the confluence.

Based on the division of the tributaries in the Seyhan River basir, the catchment area
calculaiion is performed for each tributary defined above. The catchment area calculation is

made for two conceivable cases below;

- Without the Catalan Reservoirand -
- With the Catalan Reservoir.

The Eglence River and some small tributaries upStrezim of the Catalan Dam are to be affected

and inundated after the 1mpoundmg water in the Cdtﬁlan Reservoir.

The results of the catchment area calﬂulatlon are summamcd bciow

Catchment Area of Sub-Basins

Catchment Area (kmz)

Subr-basin Without Catalan Dam With Catalan Dam
(1) Zamanti R. 8,822 8822
(2) GoksuR. 4397 - 4397
(3) Zamanti - Goksu 1,430 858 .
Join to Catalan Dam -(up to Catalan Reservoir HWL)
(Seyhan R.) . Y
(Af ter (;amlan Reservoir HWL)
@ Eplence R 672 890 :
(up to Catalan Reservoir HWL)
82
(After Catalan Reservoir HW L)
(5. Korkiin R. 1,547 1,547
© Ugiirge R. 263 263
() Cakit R. 1,771 1,771
®) Cahllan B. - Seyhan B. Sub- Basm 435 435
Total

19,377 km?



Total catchment area of the Seyhah River basin at the base point of the Seyhan Dam is
estimated to be 19,337 km2, The catchment area of the Seyhan River basin is furthermore -
divided into two areas depending on the ftood control facilities such as Catalan and Seyhan
Dams, and the results are shown below.

Catcim’xcnt Area of Catalan & Sevhan Dams

Catchmént Arca of % of Total
Name of Dam Sub-basin Sub-basin Catchment Area
(km?)
Catalan B. o« Zamann R. _ ].822 46
s GoksuR. 4,397 _ 23
»  Zamant-Goksu 1,430 E 7
Joint to Catalan B, '
* Eglence R. - : 672 4
Sub-total _ 15321 80
SeyhanB. ¢ Korkiin R. ' 1,547 - 8
: « Uglirge R. 263 1
e CakitR. = 1,771 9
+ Catalan B. Seyban B.. : 435 2
Sub-basin : .
Sub-total | 4,016 20
Total _ 19,337 100

The maximum travel distance along the main siream of each major tributaries in the Seyhan
River basin is calculated from the base point to the upstream limits of drainage area. The
results of the calculation are summarized below.

River Length of Tributarics

Sitb-basin River Length Base Point

: (kun}
Zamant: R. - 331.0 Zamanty - Goksu
: ' Confluence to Seyhan River
Goksu R. o 182.0 Zamant - Goksu
: Confinence to Seyhan River
Seyhan R. 89.5 Seyhan Reservoir's HWL.
(Fl. 67.5 m)
Sub-basin ' 35.0 Catalan Reservoir's HWL
{from Catalan D. site'to the confluénce o (EL. 125.0 m)
of Zamantt - Giksu R.)
Ejlence R. 697 Seyhan Reservoir's HWL
' R : 57.0 Catalan Reservoir’s HWL
L | - _ (EL 125.0 m) _
Korkin R, 7 S 126.0 Seyhan Reservoir's HWL
- Uglirge R. : I 532 Seyhan Reservoir's HWL
- Cakit R . _E : 114.0 Seyhan Reservoir's HWL



Resultantly, the maximum river fengths from the base points such as Catalan and Seyhan:

Reservoir's HWL are estimated below. -

- from Catalan Reservoir's HWL (El. 125.0 m)
Max. river length = 331 +35.0
_ = 366 km
- from Seyhan Reservoir's H_WL (El. 67.5 m)
Before Catalan Dam imponding
Max. river length = 331 +89.5
_ = 420.5 km
After Catal.an Dam imponding
Max. riverlength = 126 km

"To study the genérai basin geomorphology in the Séyhdn' River, sub-basin's features of
hydrologlcal importance are quantlfled in terms of stream length and. clevatlon The slope of
the river channels is 'very much insiramental in creatmg the velocity of flow, and hence has a
very profound effect on the surface runoff process. :The river length and its clevation are
plotted for each sub-basin and shown in Figure 2.1.2. The mean slope of river is also

calculated below.
Mean Slope of River Channel
Sub-basin o | Ave. Slope R . Note .
Zamant R. v from the conﬂuence to the Foros Mountam
1489 afl lcr the Toros Mountain
Goksu R. 1126 , o _ _
Seyhan R.- 1/38¢  from Seyhan Reservoir's WL tb the -
_ ~confluence _
1200 from Catalan Rcscrvou s HWL to the
S conflueciice
Eglence R. 1/3% from Seyhan Resefvoir’_s HWIL
126 * from C._'afalan Reservoir’'s HWI,
Korkiin R. ' R from Seyhah Reservoir's HWL
Uglirge R, o . 1/33 from Seyhan Reservoir's HWL

Cakit R. - ' 1?_60 from Seyhan Rescrvoir's HWL

The drainage basin of the Seyhan River takes place within the Mediterranean and the Central
Anatolian geographicai regions as explained in 2.1.1. Mediterranean climate is dominant in the

Mediterrancan Region and continental climate is dominant in the Central Anatolian Region. In -
the Mediterranean climatc'wifrl_ters are warm and rainy, summers are hot azj_d dry, -Q_ng;! in the
continental climate _Wintefs are cold and generally snowy, summers are hot. and d:ry. The



subareas of the Seyhan River basin close to the geographical region are transitional zones from
the Mediterranean climate and the continental climate, and the confinental climate is more
dominant than the Mediterranean climate in these zones. Furthermore, the ischyets shown in
Figure 2.1.3 are in good agreement with the climatic featurcs of the catchment area explained
above. Forty percent of the catchment area of the Seyhan River basin is forest covercd arca
and the remaining part is barren. The forest cover is composed of ﬁhe-piu'leaf trees such as
pincs and it takes place in the southern part of the basin. The Toros Mountains lying in the
direction of South-Northeast divide the catchment area into two approximately equal subareas.

The mean annual isohyetal map in and around the Seyhan River basin is shown in Figure
2.1.3. Itisin agreement with the topographical features and the vegetation cover of the Seyhan
River basin and with the general inflow direction of the moist air masses to the basin. The
frontal systems entering the basin from south and southeast direction bring the moist air masses
over the catchment area and these air masses leave the most amount of their moistures in the
form of the precipitation over the Toros Mountains while the air masses are moving over the
Toros Mountains that take place in the middle section of the catchment area. Therefore the
precipitation over the southern part of ‘the catchment area is much hi gher than the other parls.’
The moist air flow continues in the northern direction after it has passed the Toros Mountains,
and it carries fess moisture. Because of the decrease in the moisture it precipitates in a less
scale on the northern parts of the basin. As a result of this physical fact, the mean annual
precipitation over the northérn part of the catchment area is more less than that of the southern

pari.

In the coastal area of the Seyhan River basin precipitation is about 800 mm annually. Athigher
elevations it increases to 1,000 mum, and in the northern parts of the basin the value diminishes
to 400 mm, Most of the precipitation which is 50 % of the annual total, fall between December
and March. The mean annual precipitation of the basin is 590 mm. According to the climatic .
features of Turkey, the precipitation falling over the areas above 1,000 m elevation in winter is
generally in the f orm of snow and it produces the snow cover on the ground. Snow melt starts
around the end of winter or at the beginning of spring due to the temperature rises of the air.

' Temperalure-decreases {rom south to north depending on higher clevations. The mean annual
temperature in the lower basin is 18°C, while it decreases down to 8°C in the upper regions.

The moisture is high in winters in the-whole basin and high in summers at the coastal plains.
‘In: the'nor_them regioné whére Central Anatolian climate dominates, moisture content is
si gnif icantly reduced. The dbminiini wind direction is from southwest and the strongest winds
exist in summertime. The maximum wind velocity recorded is 33.6 m/sec.



2.1.3 Land use
(1} ~  TheCity of Adana

Lower right bank of the Seyhan Reservoir is developed as remdentlal area of the City of Adana.
~ Inlower reach from the Seyhan Dam, surface of the old levee on the right bank of the Seyhan
River is used as a highway or a road within the city area. The adjacent area of the right bank
levee is developed as office, residential, and commercial use. The area from the Seyhan Dam
to the E-5 highway is mainly residential area with some offices and a school. Vicinity of the
section south from the E-5 highway to the Stone Bndgc is the old city center. This area is still
vital with many shops, restaurants, and service and entertainment facﬂltles. From the Stone
Bridge to the south, a residential area spreads until the city limit. The housing buil'dings"in the

southern end of the residential area, however, are without building permission.

Near the intake dam, clevatlon of adjacent area of the left bank is rather high and the area
consists of housings. From the area, elevatton level gradually lowers to the Girne Bridge. ‘The
Jeft bank levee originates from this area and lts_surfdce is used for the highway. Upland is
used for the muﬁiéipal bus yard and the municipality’s land extends to.the area between the low
water channel and the levee until the Girne Bridge Neighboring area to the municipzi!ity’s'land
is residential area. From the Gime Bridge to the Stone Brldge clevation of the left bank of the
river is almost same as the levee’s. An industrial area stretches here. From the Stone: Bndge
the left bank levee is situated just bes_lde the low water channel. A large hospital is adjacent to
the lower side of the bridge and is followed by a residential area to the south.

Most part of the new concrete levees between the intake dam and the regulatory dam may
coniplete within a few years. The new concrete levees aims to keep flood time river width as
same size as the low water channel. Based on this construction plan, new development in the
arcas between the old levees and the new levees is underway. The development includes a
large scale shopp.ing mall, a theater, -a large moSque,-an amusement park, and other
~ entertainment and cultural facilities. ' ' '

‘From the regulatory dam (o the south, an area between the existing levee and the [ow water
channel on the right bank is used dS remdennal areasand fruit tree yards. Housing. buildings
within this area, however, were constructed, without permission from the city.- Farmers are -
plantmg fruit trees.at their own risk since they know the area is outside the flood protectlon
area. An area with the above mentioned condition on the left bank is used as frust tree yards
and for grazing.
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(2) The Cukurova Plain

From the city limit to the river mouth, the river flows through the Cukurova Plain consists of
the Tarsus Plain on the right bank of the river and the Yiiregir Plain on the left. Most of
adjacent areas to the river are covered by the Lower Seyhan Iirigation project. The west end of

- the Tarsus Plain is delineated by the Berdan River.: The east boundary of the Yiiregir Plain is
Ceyhan River. The Cukurova Plain is flood plain of the three rivers i.e. the Seyhan River in
the middle, the Berdan River on the west side, and the Ceyhan River on the cast side. |

In the Cukurova Plain the Lower Seyhan Irrigation Project, which utilizes water from the
Seyhan River, has been impleménted. A gross coverage area of the Lower Seyhan Irrigation
project, which covers almb_st the entire Cukurova Plain, is 210,600 ha. Among them 80,000
ha land is located in the Tarsus Plain and 130,000 ha land is in the Yiiregir Plain. A half of the _
land in the Tarsus Pla’in,'40,000 ha‘land, is in the Tarsus District of the Igel Province. The rest
of the land falls within the three districts of the Adana Province i.c. the Seyhan District, the
Yiiregir District, and theKaratag District. '

The Lower Seyhan Irrigation project is still underway. Among the net irrigation and drainage
coverage area of 174,100 ha, 65,000 ha was completed as the firsi stage implementation in
1968. Then the second stage with 48,600 ha and the third stage’s 19,800 ha irrigation area
were actualized in 1975 and in 1986 respectively. Remaining area of 40,100 ha is vet to be
constructed.

The main crop in the project area is cotton which cultivation area occupies 41.3 percent of the
total area in 1985. Maize cropping is the second largest in terms of land occupancy with 16.9
percent of the total. Soybean and wheat follow with land occupancy ratio of 12.8 percent and
11.5 percent respectively.

Within the gross project area, total 5,000 ha lands betwcen the low water channel and the
levees are culttvated by farmers at their own risk. Cropping pattern in these lands is similar to
the Lower Seyhan Irrigation project arca.

Areas near the sea shore are dunes. Cultivation in this areas is marginal.

(3)  Middle to Upper Reaches

Most of the river basin areas of the upper reaches from the Seyhan Reservoir are mountainous
and h_il_ly_ Jands. Marginal flood plains are used for grazing and cultivation. Except some

points, land uses of adjacent areas to the river are generally inactive from the socio-economic
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point of view.

Important exceptional points are the canyon of the Cakit River and its mouth from Pozant in-
the Adana Province up to Ulukigla in the Ni gdc Province and the Munici pality of Feke in which
town center the branch river of the Goksu River flows. In both areas flash water from nearby
mountainous arcas flow into the rivers, and massive and fierce water flows cause serious

damages on infrastructure facilities and buildings.

In the canyon and 1ts mouth between Pozantt 1o Ulukasla impo.rtant trunk highway, EQO/D750,
and railroad run parallel w:th the Gakat River. Resuientlal areas of the Pozanti municipality has
not affected by the flood, since they are located in enough high places which are free from
flood influence. Some other residential damages were reported during flood time. -However,

{hese damages were caused by failures of 'slopés due to heavy rain.

The city center of the Feke spreads along the river. There are restaurants, shops, a mosque a
school, and housings. Most of them stand where serios flood struck in '1980. Not 50 long
way from Feke to Adana, part of the high water channel of the Goksu River has been used as
log stock yard although logs stocked thete were one of the main causes of bridge destructions.

2.1.4 Socio-Economy
(N Administrative boundary concerning the Seyhan Rivcr basin

The Seyhan River basin spreads -over five provinces; the Sivas 'Prbvin.ce, the Kahra:haﬁmarag
ProvinCe, the Kayseri Province, the Nigde Provinee, and th.cr Adana Province. -Furtherfndre,
part of the flood plain in the lower-reaches belongs o the igel Province, However, most part
of the Seyhan River basin is covered by the Adana Province. Coverage by the Sivas Province

and the Kahramanmarag Province is especially marginal.

The origin of the Zamant: River is in the Sivas Province. The river flows into the northeastern
district of the Kayseri Province, the Pinarbag: District, and out from the province’s southern -
most district named Yahyali to the Adana Province. In the Adana Province, the river flows'

through the Karaisal District and joins with the Goksu River at the border of the Karaisalt
District and the Kozan District. After the _|0mt the Seyhdn River passes a(ong with thc border

and down to the south.
The other main ributary river, the Goksu River, goes down to the south from the Sariz District

occupying southern west part of the Kayseri Province. It flows down through the districts of-
Tufanbeyli, Saimbeyli, Feke, and Kozanin the Adana Province to the western border of the
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Cozan District.

Other medium size branch rivers come down from the Nigde Province through the Pozanti and
the Karaisal: Districts in the Adana Province, Then they flow into the Seyhan Reservoir at the

border between the Karaisal District and the Seyhan District. -

After the Seyhan Dam, the tiver flow exhibits distinctive border between the Seyhan and
Yiiregir Districts in the upper reach, and the Karatag District in the Adana Province and the

Tarsus District in the I¢el Province in the lower reach.

The City of Adana, which consists of two municipalitics of the Seyhan and the Yiircgir,
extends its border to-the lower coastal line of the Seyhan Reservoir. These municipalities are
both district capitals of the Seyhan and the Yiiregir Districts and are delineated by the Seyhan
River too. The right bank side is the Seyhan and left bank side is the Yiiregir. The city center
is located just beside the Seyhan River in the Seyhan Municipality. New planned housing
development is also significant in the Seyhan side.

Provincial and district boundaries arc shown in Figure 2.1.4.
{2} Socio-Economic activitics of the project related area

Since most part of the river basin and significant flood damage areas belong to the Adana
Province, focus of the socioc-economic conditions is put on the river basin covered by the
Adana Province. This is the most possible influenced area by the project.

This area is divided into roughly two areas. One is the City of Adana and the Cukurova Plain
which are located in the lower reach from the Seyhan Reservoir, The other is rest of the area

which is upper reach basin from the Seyhan Reservoir.

Socio-ecpnom'i'c activities in the lower area is much more vital compared to the upper area.
According to the 1985 ccn'éus more than 80 percent of total popuiation in the entire aréa are
cstimated to rééide in the lower area. The City of Adana which is the fourth largest city in
Turkey with approximately 1,000,000 inhabitanis, is the political, commercial, industrial, and
cultural center. of the region. :Most of economic activities including industrial, commercial,
service, and agri(;uftural activities are significantly concenirated in the lower area. The upper
area’s representative economic activities are small scale farming, grazing, and logging. This
characteristics are similar in further upper basins. As commonly observed, vigorousness of
social activities parallels with the level of economic aclivities. In the City of Adana and its

vicinity, many educational, cultural, entertainment, health, and social welfare organizations and
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facilities exist and they are vital.

The City of Adana and the Cukurova Plain are well connected not only by a well conditioned
highway network but also by the air lines and a railroad. The highway network and the
railroad link this area to Ankara and istanbul for the northwest, and GAP (South-east Anatolia
Region) area and forei gn countries including Syria and Iraq {or the east. The highway linking
Ankara and the eastern countries is a trunk road in Turkey. Daily flights to and from Ankara
and Istanbul enhance the city’s accessibility. These transportation means substantially support
commercial and service activities, and industrial and agricultural productions.

Positive agglomeration effects are ‘significant in this area and shown in vital population
increase. - Forecasted population of” Adana in 2010 by the SPO report based on 1985 population
of 762,000 is 1,878,000 (3.7_% annual growth ratio).

The leading lndustry in lhls areais s the weaves and clothmg mdustry followed by the petroleum
and chemical industry. From employment point view, the weaves and clothmg industry is the
top. The food, , beverage and tobacco industry is the second. Then the petroleum and chemical
industry appears. This area’s main agrlculturai products are wheat and colton. Vegetable and
fruits productions are also flourishing. Adana is counted as one of the Turkey’s primary
production centers of cotton and textile which are nation’s principal expoft items. -

2.1.5 Telecommunications

Telecommunications networks should be hi glﬂy reliable since they will be used to collect and
transniit_ data both rapidly and accurately for this llood forecas;i:_ig and warning system. In
such terms, surveys were performed to study the applicability of the current communications
facilities in the Seyhan River basin areas to the flood forecasting and warning system p‘laﬁhiﬁg:.'

(D PTT telecommunications network in the Seyhan River basin

The surveys that were obtained as o current Situation of the PTT teiecommunications facility
for the data collection and transmission of the flood for ecastmg and warnmg sygtem planning,
are described below. ' ' _
According to the Adana PTT regional directorate, three types of PTT communications lmcs are
present: '
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(a) Optical fiber cable

The communications lines in Adana City consist of optical fiber cables. Data
transmission through these lines is likely to be highly reliable since they comply
with CCITT Recommendation G.821.

(b). Micro wave radio communications link

Local cities are connected via micro wave radio communications links. These
links are Iikeiy to be highly reliable since they comply with CCITT
Recommendation M.1020. For the Seyhan River basin, not all cities are

. connected via micro wave radio communications links; only several cities, such
as Adana, Pozanti, Kozan, etc., are connected using these links, and all other
cities, towns and villages are connected using the open wire scheme.

(c) - Openwire -

The communications lines between a majority of the cities, towns and villages
albng the Seyhan River basin arcas, are made up of open wires. These lines are
not almost reliable in terms of data collection and {ransmission.

(2 DSI telecommunications network

The telecommunications network of the DSI ‘consists of HF-SSB radio communications
equipment, VHF radio communications equipment and VHF walkie-talkies.

The HF radio communications network based on telephone patch is now used for general |
business cominunication and flood information exchange between the DSI general directorate
and regional directorates. The VHF radio communications network is now used for general
business communication and flood information exchange between the DSI regional

dircctorates.
3) EIE telecommunications network

The EIE possesses HF-SSB radio communications equipment, VHF radio communications
equipment and VHF walkie-talkies. _

The HF-S8B- radio .comm_ﬁn’ica_tions network is  used to perform general business
communications between the EIE general directorate and drilling camps, wherecas the VHE
radio comﬁmni’cations 'neﬁvork is uscd to pérform general business communications between

drilling camps and drilling sites,
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(4 DMI telecommunications network

The DMI telecommunications network consists of METEOSAT receiving equlpmcnl and HF
and UHF radio telex communications equipment.

The nationwide metemological data telex network {urther consists of PTT lc!ephonc lines, and
it uses HF radio communications network as its backup network. The UHF radio telex
communications network is used to transmit metcoroiogi.cai data between regional directorates

and synoptic stations.
(5 Satellite communications

Although Turkish Satellite 1A, the fnst commumcatlonq satellite of the Repubhc of Turkey,
was launched Monday night, January 24, 1994, it burnt out because of the Aryan Rocket
failure. It is understood that Turkish. Satelhte 2, the second commumcatlons satelhte of the
country will be launched in or after July 1994, '

According to the PTT satellite communications pro_;ect tcam, the satelllte communications
network based on the new Turkish satellite is going to use a VSAT (Very Small Aperture
Termmal) system. They say that the VSAT system, which is currently under planning, will be
put into operation at the beginning of 1995.

2.1.6 Electricity

Accordmg to the surveys the current electricity situation in the Seyhan River basin areas is s a8

follows:
(D Electricity facitilies

The electrical encrgy in the Seyhan River basin areas is supplied by Cukurova Elektuk A.S.,
the TEK Adana regional directorate and Kayseri ve Civari T.A.S..

(a) Cukurova Elektrik A.S.

Cukmova Elektrlk AS.isa privatc company and supplies eiectrlcal energy (o
~ the paper: mills,. steel iron ‘company, municipalities and other large lot -
consumers in Adana, Hatay, and Igel areas, : '
The total outage time of the power transmlsmon lines due to mterruptlons in
1992 was 1:389.35 hours, and the power interruptions were mainly caused by
system failures, lightning, or electrical insu_lation'troubie. Since a bjpéss" route

was provided for the transmission lines, line failures due to interruptions did
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not almost ocour,
(b) TEK Adanaregional directorate

The TEK Adana regional directorate supplies electrical power to the general
homes in Adana area.

Accordmg o TBK 1992 was the worst year in the past decacle in terms of both
the outage time due to powcr interruptions and the number of times of
interruption. In 1992, the total outage time of the power distribution lines and
the transformer stations due to interruptions amounted to 19,576 hours, and the
total number of times of interruption was 8,839. The intcrruptiéns were mainly
caused by the disconnection in distribution lines due to the weight of the snow

that had become iced.
(c)y Kayseri ve Civari T;A.S.

Kayseri ve Civarl T.AS. isa private company and supplies electrical power to
the general homes in Kayseri area. : .

In 1992, the total outage time due to power interruptions and the total number of
times of power inierruption were 1,198 hours and 135, respectively. The
interruptions werc mainiy caused by the disconnection in distribution lines, or
the collapses of the towers of the distribution lines, due to strong winds or the

weight of the snow that had become iced.
(2) Current electrical power supply conditions

The followmg surveys were obtamed as to the current electrical power supply conditions 1 the

Scyhan River basin areas:
Adana Region : ' Kayseri Region
AC power source, 1¢ :© 220V + 10% - AC power source, 1¢ @ 220V 5%
o S0Hz+ 2% S0Hz + 1%
AC'pOWer soturce, 3¢ .0 380V + 10% AC power source, 3 ¢ : 380V £5%

S0Hz+ 2% S50Hz+ 1%
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2.2

2.2.1

Present Fi'ood Contro!

Flood damages

(a)

_ : Neo. 1 No. 3 No. 4 No. 5
Disch. (m*/s) 3,800 3348 2,700 . 2,200 - 1,957
Date 28Mar, ‘80  3Jan. 79 . 19 Dec. ‘03 9 Jan. ‘58 29 Apr. *75

Monthly occurrence of peak discharge is tabulated below.

Month St. 1818 St. 1829 St. 1821 St. 1817

- Oct. L - _

" Nov. 1 .time 3 times I time
Dee. 6 times 1 tme . _
Jan. 7 times o 2 times 1 time
Feb. 4 " lmes 1 tme 1 time

Mar. ‘9 times 1 tme’ - 1 time 1 time
Apr. i4 times - 3 times . 3 times 3 times
May 2 times
Jun. 1 time I time
Jul. 1 time - 1 time
Aug. 1 time

Sep. I iime

Hood records

Annual peak runoff at major stream gauging stations is listed in Table 2.2.1.
The recorded {if th‘biggesi runoffs at Sta. No. 1818 are summarized below.

. Ne.2

_ From the above table it is obvious that flood season is from November o
- April. Rainfall increases in this season and meltmg snow boosts up the river

discharge. Some annual peak runoffs in summer season are recorded at the
tributaries of the Seyhan River basin.

The major flood records are listed in Table 2.2.2. Only tlilerﬂolord in 1980

over- ﬂowed the levee Other floods damaged the area in the high water

: channeI The ﬂood in 1980 was the blggest flood and gave the biggest damage

Flood damagé took placc not only at the Cukurova plain but also at the upstrean -
arca and tributaries of the Seyhaﬁ River. Around Feke district, floods hit in
1979 and 1980. The flood in '198_0 destroyed 21 buildings and damaged 76
buildings. After the flood, the river bed was widened from 16-17 m (o 30 m.
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2

Revetment with stone pitching was constructed at some stretch.

Traffic line of highway road and railway was damaged as listed in Tables 2.2.3
and 2.2.4. Total repairing costs for the damaged structure are 65,400 million
T.L for the highway road and 118 million T L for railway.

Flood in 1980

(a)

Flood Description

The seasonal lower limit water level of the Seyhan Reservoir at El. 61.0 m was
ended at the middle of March 1980 in accordance with the reservoir operation
rule curve. The reservoir was scheduled to impound up to the high water level
at El. 67.5 m by the beginhing of May 1980. The spillway gates of the Seyhan
Dam were opened from 7 March 1980 so that the reservoir water level could be
maintained to meet the rule curve. The spillway gate opening clearance was at '

- 0.8m from 7to 13 March at 1.5 m from 14 to 16 March and at 3.0 m from 17

- March. Under thlS gate operalion, reservoir water was accordingly spilled out

with free-flow status. In spite of the gate operation, the reservoir water level
could not be lowered to the scheduled water level because of small capacity of
the spillway, as listed below.

Date . 14 15 16 17 18 19 20

Scheduled RWL. 61.060 - 61.00 61.14 61.29 61.43 61.58 61.72
Actual RWI.. . 62.08 62.09 62.12 6215 6216 62.20 62.20
Date 21 22 - 23 24 25 26

Scheduled RWL. . 61.87 62.01 62.16 62.30 62.44 62.59
Actual RWL. 02.20 62.18 62.28 62.45 63.04 63.80

On 24 Mérch_ 1980, it rained with 15 to 30 mm daily density in most of the
basin. On 25 and 26:March 1980, precipitation decreased very much, but
atmosphere temperature rosc on 26 March 1980. This weather condition
accelerated snow~me!tmg On 27 March 1980, precipitation increased again to
above 100- mm dally densny in some rainfall stations. Thus, the recorded flood
hit the Seyhan Dam on 28 March 1980,

Reservoir water level of the Seyhan Dam and the spillway gate opening
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clearance were recorded at 1-hour interval during the flood. Spill-out discharge
and reservoir inflow were estimated by usc of the recorded data, as c_ompu_ted in
Table 2.2.5. The computation results are shown in Figure 2.2.1. s
estimated that peak inflow at 6,040 m3/s took place at around 5 a.m. on 28
March 1980. The rescrvoir water level reached to El. 67.5 moat 10:45 am. on
28 March 1980. The reservoir water started to spill out over the emergency

spillway automatlcally

Maximum bank-full discharge of river channel was at 2,000 m3/s for the
downstream river stretch of the Seyhan Dam. It is estimated that spill-out flow

from the dam exceeded the discharge of 2,000 m3/s at around 21:00 p.m. on 28

March 1980. The flood water might over-flow above the levee since then. The
:spill-out discharge continuéd to increase and reached to the maximum outllow
- of 2,671 m3/s at 21:00 p.m. on 20 March 1980. The maximum reservoir water
level at 69.72 m was recorded at 16:00 p.m. on 29 March 1980.

‘Flood inﬂ(jw.- volume is estimated at I,SOS'million-m?’ from 26 to 31 March
1980, Stored water volume in the reservoir is_ estimated at 390 million m3.  The
- flood is equivalent to 100-year probable flood.

In order to prbteci Adana city, left-bank levee Was.d_e_'stroyed'i'ntentionally and
artificially at around Sta, 13 km on 30 March 1980, which aimed to discharge
flood water into the drainage canal YD3. Flood water over-flowed above the
levee at S locations of the left- bank levee and at 6 locations of the right-bank
levee, on 3_0 March 1980. Some locations where the flood water over-flowed -

the levee were collapsed, as listed befow,
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No. St. : : Tocation _ Status

(Right bank leves)

1 Near K. Yalmanl: village Overflow
2 New Koyuncu village Over-flow
3 244060 Between Salmanbey and Dervigler village Broken
4 404000 Around Yaramis Broken
5 434000 - Broken
6 45+000 : Over-flow
{LcftbankIgvee) - :
7 0 13+000 Near Kilavuz village Artifi. breaking
8 16+000 Downstream of Kitavez viliage Broken
9  21+000 Near Yerdelen village Over-flow
10 344000 Near Kilavuz village Over-flow
11 40+000 Between Ziyamel and Ganime village Broken
12 474000 Near Ganime village Broken

On 2 April 1980, it rained in the basin again. Another small flood hit the
Seyhan Dam on 3 April 1980, of which inflow peak discharge was estimated at
2,738 m3/s. The Seyhan Dam spilled out the flood water at 1,870 m3/s to the
.downstream rlver Cukurova plain was inundated additionally. The inundated _

‘area is shqwn in Elgure 2.2.2 and listed below.

Date  Leftbank Right bank Total (ha)

30 Mar. ‘80 8,390 9280 17,670
31 Mar. ‘80 5,670 8,600 14,270
1 Apr. ‘80 0 1,300 1,300
'3 Apr. ‘80 . - 600 8,250 8,850
Betweenlevees ) 5,000

Total © 14,660 27430 47,09

After the flood, repairing levee and irrigation canals was started. The repairing

work is listed below.
_ Levee St Repairing Date Emb. Vol. (m3)
_ Lpft-bankl_cvec_ 16+600 10 Apr. to 17 Apr. ‘80 6,290
Leftbanklevee = 40+000 18 Apr. to 26 May ‘80 13,170
‘LeftbankLevee 474000 25 Apr. 80 125
Right-bark Levee: 244600 16 Apr. to 25 Apr. ‘80 8,585
Right-bankTevee - 40+000 12 May to 20 May ‘80 8,350

Total . o 36,520

Irrigation canals, left main conveyance channel, YS6 and YS7 are repaired,

either.
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2.2.2 Flood control structures
(D Scyhan River

Depending on land use and population density, tlood protection stretch of the Seyhan River is
limited to Adana city and the downstream area from there. The upstream river remains as a
natucal river, Exceptionally, river bank protection at a short distance was made at a tributary of
the Goksu River in the town of Feke, and along the Cakit River near Pozanti city, which flows

into the Seyhau IeSErVoir.

The Seyhan River meanders largely from the downstream of Adana city. The river length of
" the high wate1 channel between the right and left levees is 51 km, whrle that of the low water
channel of the ‘original river bed is 86 km. The groyne structures were conslr ucted at many
curved locations in the low water ehanncl Through experlence the low 'water channel may

have a banktull flow capacrty of 500 m3l s,

The river levee at the downstream of Adana crty was constructed from 1949 io 1953. The total

iength of the right and left levees was about 100 km. The average levee hei ght was at about

2.0m. The levee has 3.5 m crest width and 1:3 slope at the river side and 1:2 slope at the land

side. The average distance between nght and left levees is about 2 km. Originally, the levee

was designed to have a flood capacity of 1 ,200 m3/s with 1 m free board. The expropriated
" land boundary of the levee is at 9 m to the river srde_ and land side, or 18 m in total.

SIuice—Ways were constructed at 48+810 km and at 31+882 km ai the left bank levee for
irri gatron intake. Those situce—ways were not used at present because irri gation channels were
developed lntenswely in farm land. The rlght bank levee was opencd at about 10 km
downstream of the Seyhan Dam to function as splliway The dtscontmued levee at the distance
of 400'm is connected to the drainage canal TDO that is an old river bed channel, to increase -
high water channel ﬂood capacity. The capacity is estimated at 400 m3/s- through the flood

experience in 1980, |

The upstream regulatory structure for irrigation mtake was constructed at the location of 2-km
downstream of the Seyhan Dam in 1943 The downstream regulatory structure was
constructed at the location of 4,5-km downstream of the upstream. reguIatory structure in 1989,
which aims to generate hydropower and io raise river water level in' Adana city durrng summer
time. The gates are opened twice a month durin g summer time to charige the stored water and
to prevent malaria disease. Those struetures Crosses the Seyhan River and flood capacily has af -
2,500 m3/s. ' -
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The distance between right and left levees in Adana city varies from 300 m to 800 m at present.
River 1mprovement project was planned by DSi to narrow the river width so as to develop the
present high water channel as shopping center or_lecrmtlon center. The river width is designed
at 120 m with 1,800 m3/s flood capacity. The river bank will be retained by concrete wall, and
carth fill levee will be embanked above the ground between the Girne bridge and the upstream
regulatory structure. River bed will be also dredged to increase flood flow capacity. Adana
municipal authority will carry out the construction,

A few buildings have b'c_eri constructed at the present high water channel. Retaining walls have
been constructed between the downstream regulatory structure and the Stone bridge by the
Cukurova Electric Company at the time of the construction of the downstream regulatory
structure. The existing wall between the Stone bridge and Girne bridge will be renewed or

heightened.

The Saru;am River enters into the Seyhan River {rom the left bank at the immediate upstream of |
the Koprii bndgc '

A Dams
{a) .Seyhan Dam

The Seyhan Dam at the immediate upstream of Adana city was constructed from
1953 to 1956, as a multipurpose dam for flood control, irrigation and
'hydropower.: | |

Méjor' phjsical characteristics of the dam is listed in Table 2.2.5. The dam is
characterized"by the design of the emergency spiiiﬁvay. The emergency

~spillway is located at the right bank. The original right-bank mountain was

 excavated with 260- m width énd crest elevation of the spillway was set up at
67.5 m, while the dam crest is clevated at 72,7 m. The emergency spillway
functions to splll -out f iood water above EL 67.5 m automatically when the
gated spdlway can not epill -out a flood. The approach road to the spillway crest
‘was made gentler in 1987 so that a big bus could pass on the crest. The
Splllway crest was pavcd at that time also.

The gatéd _'spillw:a.j:is‘ focated between the é_mergency spiliway and the dam
bod'y.: Radial gates of 6 nos. with 7.0 m width x 6.1 m hei ght are installed on
the spillway weir. The spillway has the capacity of 2,500 m3/s discharge.



The power plant is located at the left bank, of which design discharge is 231
m3/s (3 unit x 77 m3/s). Irrigation outlét is equipped on the penstock of the
power plant which is connected to the irrigation channel ' YS1 with 11.m3/s
capacity. On the right bank of the dam, pump station for trrigation intake is.
located, whichis connected to the irrigation channel TS1 with 21 m3/s capacity.

No other outlet facility is equipped with the Seyhan Darm,

The reservoir n'lapp.i_ng'is being carried out at every S-ycar intervals by'mean's of
echo sounding to estinate the reservoir volume. The results are listed in Tzible
© 2.2.6 and shown in’ Figure 2.2.3. 'The reservoir storage volume are’
summarized below, in comparison with the original volume in 1956 and the

latest volume in 1986.-

Volume. (106 n') ~Decrease

ltem  El.(m) in 1956 in 1986 (X106 of)
Dead Storage 30.0 to 49.0 269 159 110
Active Storage 49.0 10 61.5 948 720 228
Flood Contral Storage 61.0 to 67.5 421 366 55
Total Storage 30.0 to 67.5 1217 879 338

Catchment area of the Seyhan Dam is 19, 337 kma2. Average SpeleIC sediment
quantity is estimated at 593 m3fyearlkm2("338x106130/ 19,337). ‘In accordance
with DSI mvesngatlon the specific sediment quanmy is estlmated at 250
m3fyearlkm2 at upper catchment area and at 1,000 m3/year/km? at lower
catchment arca. It is measured at 380 m3/year/km? at 1818-measurcment

station.

The sedlment volume in the reservmr deueaved remarkab]y from 1980. The
Caktt River, which flows into the Seyhan reservou is one of the biggest
scdlment source Land reservatlon m the Caklt RWCF basin was started with
reforestatnon or constructmg check dams from around 1980 Construction
activity was so preva.iled Ir rom 1980 1in Adana and Mersin cmes thata lot of sand
and gravel as concrete material wcre taken at the reservoir entrance of the Cakit
River. The Catalan Dam construction was started from 1982 by cof! fermg the
Seyhan River. Then, sediment from the upper catchment was tr apped at the
Catalan Dam. A bi g flood did not hit the Seyhan Dam after 1980. They are
mainly why the reservoir sedimetit decreased in the recent decade. '
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(b) ~Catalan Dam

The first investigation of the Catalan Dam was made in 1966. The 6th regional
DS office shifted the dam axis toward 8-km downstream from the original dam
axis location because of geology. The Catalan Dam was studied in the Lower
Seyhan Master Plan Report in 1980. The flood damage in 1980 harnessed an
urgent implementation of the Catalan dam construction.

The dam construction was started.on 12 February 1982. The construction cost
of civil work is estimated at 31 billion T.L including escalation cost and
additional work. The contract price for hydro-mechanical and hydro-electrical
equipment is 29 miltion D.M and 1,155 million T.L, equivalent (o0 9.5 billion
T.L. Itis scheduled to impound the reservoir and start power generation of the
Unit 1 turbine/generator in 1995,

Major physical characleristics of the dam is listed in Table 2.2.5. The reservoir
volume is shown in Figure 2.2.4. After the dam completion, the
Catalan/Seyhan Dams will be able to protect the downstream area against 500-
year probable flood. The Catalan Dam will firm up power generation at the

Seyhan Dam.
2.2.3 River improvements

The Cukurova plain irrigation project was initiated by construction of the main canal at the ri ght
and left bank of the Seyhan River from 1937 to 1947. After the flood in 1975, a part of levee
strelch was heightened or reinforced. After the flood in 1980, the levee on the left bank was
extended at a few kilometers distance toward the Mediterranean sea to protect two villages.

Tables 2.2.7 and 2.2.8 show the low and hi gh chanrtel profiles for the downsteam river stretch
of the Seyhan Dam. |

A lot of sediment were deposited in the Seyhan Dam reservoir at about 300 x 106 m3 up to the
present, which corresponds to 1.1 times fo the designed sediment quantity. While the Seyhan
Dam degraded the flood control function, the huge flood attacked the Seyhan Dam at March
and April 1980.. The peak inflow into the reservoir and the maximum spill-out discharge from
- the dam was respectively estimated at 6,040 m3/s and 2,671 m3/s. The flood invited the
- destructive damage at the Cukurova plain. | -

To control:floods and utilize water resource more effectively, construction of another
multipurpose dam, the Catalan Dam, was started from 1982. The dam is located at the
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immediate upstream of the Seyhan Dam. The dam is scheduled to be completed in 1995, The
dam is designed to protect the downstream area against the 500-year probable flood by joint

operation with Seyhan Dam.
2.3 Present Condition of Flood Forecasting and Warning
2.3.1 Data collection and transmission

The following surveys have been obiained as to the current situation of data collection and

information transmission during floods in the Seyhan River basin:
(D Current overall data collection and transmission

The current data transmission system during floods in the Seyhan River basin can be broadly
divided into two sub-systems: a data coliection sub-system and a data transmission sub-
system. -Figure 2.3.1 shows the results of survey of the corresponding situation.

(2 Current kinds and methods of data Cdilection .

Data and inforfnation on flood control activities can be broadly classified into meteorological
information, hydrometeorological data and dam data. “Table 2.3.1 gives an outline of the
transmission sources, collection intervals and collection methods of each kind of data, based on

the obtained surveys..
3 Current data processing facilities

About eight IBM personal computers and about thirty ARC personal computers are provided in
the DSI 6th regional directorate, - The IBM personal computers form a local area network
(LAN), and the ARC personal 3computer_é ar¢ now used by individuals. The inflow volume
from dams are estimated using these pefSOnal computers, and data is manually entered.

4 Current flood control activities and organizations

In the event of flooding, a flood control committee, such as that shown in Figure 2.3.2, is
organized in the DSI 6th ré_gional directorate to undertake flood éontr_ol aétivit_iéé for the rivers
currenﬂy under the management of this directorate. Also, thé ASO _sho'\.vn in Figure -'2.3..3-i,s _
specially organized to undertake flood control activities for the downstream Seyhan area.
Information on these flood control activities is transmitted through VHF radio communications
network,
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(5 - Transmission of evacuation information .

Currently, the occurrence of any signs of flooding is reported {rom the flood control committee
of the DSI 6th regional directorate to the Adana provincial governor. Figure 2.3.4 shows the
evacuation message form used in that case. The Adana provincial governor gives directions to
cach head of official district to underiake evacuation activities for the residents. The provincial
governor, after having been informed from the flood eontrol committee to the effect that there
are signs of a large-scale flood, convokes the Emergency Assistance and Rescue Commiiitee
shown in Figure 2.3.5, and takes the command of the committee during evacuation activities.
If 500 m?/sce. of water ate (o be discharged from the Seyhan Dam, then this is informed from
the flood control committee to the provincial governor and, at the same time, the same is
informed to the Cukurova Radio B_rdadcasting Station, from which evacuation information is
then radio-broadcast to the people living in the downstream area of the dam. Also, the heads of
these towns and villages in the downstream arca of the Seyhan Dam, after receiving an
evacuation order from- the provincial governor, use the broadcasting facilities of mosques,
patrol cars and military facilities to underlake evacuation activities for the residents.

The current types of information transmitted are listed in Table 2.3.2, and the information

transmission system is shown in Figure 2.3.6.

2.3.2 Flood forécasting and warning

In Turkey, the flood forecasting and warning system is not established for the river
managem'erit, using real time and on-line data transmitting and processing systcms.

The methods of flood [orecasting in the Seyhan River basin are described as follows;

(1) - Reservoir inflow {orecasting

Inflow can be forecast by the correlation between downstream water level or discharge and
upstrearn water level or discharge, with the estimated travel time of the flood wave between the
two locations. Information on upstream water level can be reported by local observers, by
telephone line.

(2) Snow melt runoff estimate -

"The mean snow melt runoff calculation is carried out for the snow melt duration, estimated by
degree-day meihod. '

The methods of flood warning in the Seyhan River basin are summarized below;

-97-



(a) No flood warning facilities are installed such as warning station and wafning'
indicator in advance of ﬂoodsT
(b) Flood information to the public or community is mainly made by: public

broadcasting such as radio and television.
2.4 Present Condition of Organization and Administration
2.4.1 Introduction 7
The orgaﬁizations rélatéd with flood control, { ﬁrecasling'and warning are $ummari2ed below:.

Only the State Hydraulic Works (DSI) is directly related with floods. - Electrical Power
Resources Survey and Development Administration (EIE) and State Meteorological Works
(DMI} collect hydrometric and mcteorologlcal data, Turkish Electricity Authority (TEK) and
Cukurova Elektrik A.S. ((;FA$) help the operation of dams and hydroelecmc power plants
during the flood. General Directorates of Post, Telegraph and Te!ephonc (PTT) and
Radiocommunications (TGM) provide commumcatlon In-addition to these, other agencics
help psi during the flood by supplying main power and machinery. In Turkey, DSl is
authorized and responsible for the flood control, forecasting and warning.

2.4.2 Laws relating to flood
()  The Law No. 6200

Duties and authorities of the General Directorate of State Hydraulic Works are inclusive of
“establishing facilities for protection against floods and inundations” as per Article 2, paragraph
(a) of the Law No. 6200, and “providing operation of such facilities (mcludmg maintenance

and repairs)”as per the same article hereinabove, paragraph (2).
(2) The Law Mo, 7269

The Law No. 7269 comprises the rules relatirig to the precautions and assistance to be rendered
atlocations where there are occurrences of possibilities of damages, which are of a degree to
affect the public life, in residential areas, on private, private juridical, or public juridical
structuré.é__or‘ other public facilities (such as channels, bridges, water supply and sewerage
facilities), due to earthguakes, fire, landslides, faliing rocks, av'alaﬁches and floods. |

The most prominent characteristics of f_he flood areas within the sbbpe of this Law is that
structures and public facilities will be subject to flood damages of a degree to affect the public
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life. ‘Inclusion of a flood area in the scope of this Law is subject‘ to compliance with the
principles of “The Regulations for the General Rules Relating to the Effectivencss of
Catastrophes to Public Life™ and to acceptance of such compliance by the Ministry of Public
Works and Settlement.

Areas encbuxitering flood catastrophe which possess such characteristics are determined by the
General Diréctoratc of DSi,— as per the Artiéle 2 of the Law No. 7269, revised by the Law No.
1051, upon request of the Ministry of Public Works and Settlement, boundaries are determined
and reported to the said Ministry, and the Ministry of Public Works and Settiement undertakes

" to obtain a decree of the Cabinet of Ministers for acceptance and proclamation of such an area
as a region subject to catastrophe. |

(3)  TheLawNo. 4373

The Law No. 4373 comprises the rules for deiermination and proclamation of the boundaries
of the areas which encounter or may be subject to overflow of lakes and streams which
demonstrate hi gh water levels, activilies for removal of obstructions such as structures,
facilities, trees and similar barriers which obstruct water flow or increase water level and result
" in overflows within such boundaries, ah_d prevention of re-establishment of such obstructions,
works to be executed before and during fiood and obligations in this respect.

The boundaries of areas to be included in the scope of the Law No. 4373 are determined by the
General Directorate of DSI and necessary undertakings are made by the Ministry of Energy and
Natural Resources to obtain decree of the Cabinel of Ministers.

2.4.3 Works to be performed and responsible organizations

The Eepartmcn_t_éf Study and Planning is responsible for programming and monitoring of the
- works for establishment and determination of the boundaries of the areas subject to occurrences
or possibilities of fioods, which are implemented by DSI Regional Directorates.

fn-determination of the areas subject to occurrences or possibilities of floods, priorities shall be
given to areas which will be in'cludcc_l in the definitions and scope of Laws No. 7269 and 4373
and to areas which are subject to high rate of {atalities and property losses. For determination
of such areas; . ' |

(@) The boundaries of areas to be determined and announced (by proclamation) as

regions subject to catastrophe in cities, towns and villages, as per the Law No.
7269 are plotted on reconstruction plans, and if reconstruction plans are not
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(b)

()

(@

available, on maps or sketches to appropriate scales, and are proposed with a

detailed report to the General Dircctorate.

For arcas to be included in the scope of the Law No. 4373 along streams, the

boundaries determined by accepting the thalweg of the bed as the axis and with
proper distances on the right and left from the axis for a capacity to carry the
discharge for a “recurrence interval” as'deemed appropriate by the Department

‘of Study and Planning, are plotted on a map to appropriate scale and is

. proposed with the reasons to the General Directorate, -

In areas which shall be included in the scope of the Law- No. 4373, when .

expropriation of structures, facilities and similar obstructions which prevent
water flow or raising the water level and eveniually resulting in‘floods, or
restrictions of uiilization possibilities of the public from the land is taken into

‘consideration, the'boundaries of such areas which extend as strips must-be kept
-~ neither so wide as to disturb the people nor so narrow as to cause-difficulties for:

water flow.

The boundaries in cilies, towns, villages and smaller residential areas, important
facilities and irrigation areas subject to occurrences or possibilities of fatalities
and property losses due to floods, but outside the definitions and scopes of the

- Laws No. 7269 and 4373 rclating-lto flocds are determined in the order:of

priorities, taking fatalities as the first priority condition.

The boundaries of such flood areas and areas to be deemed necessary to be

~ evacuated in case of flood, are determined in stages according to various.

discharges. Such boundaries are plotted on reconstruction plans or scaled maps
and sent to the General Directorate for approval in a report together with the
maps. ' ' ' A o

Since the areas submerged under water in closed basins vary according to arid
and rainy periods, and submerging periods may also be short or lon‘g, the area
remaining uhder water, referencing to a level which shall be determined

- considering the elevation differences in_areas submerged during arid and rainy

periods and the status of settlement, transport and communication in areas’
between such two elevations, is determined as a flood area and presented to the
General Directorate for approval. '
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2.4.4 Announcement (proclamation) of flood areas.

Procedures relating to announcement (proclamation) of flood areas are implemented by the

Department of Study and Planning of DSI in accordance with the following principles:

(a)

(b)

©)

(d)

After the proposals relating to the Law No. 7269 transferred to the Ministry of
Public Works and Settlement become final and decisive, one copy of the decree
of the Cabinet of Ministers shall be sent to the relevant Region, and if there are
any facilities constructed or to be constructed in that area, another copy is sent
to Operation and Maintenance Department.

In addition, the Ministry of Public Works and Settlement, if deemed necessary,
communicates to the relevant Governorships for the purpose of . announcmg the

‘matter to the peoplc living at the flood zone.

After the proposals relating to the Law No. 4373 transferred to the Ministry of
Public Works and Settlement become final and decisive, one copy of the decree
of the.Cabinet of Ministers shall be sent to the relevant Region, Operation and
Maintenance Department and relevant Governorship.

One copy of the documents relating to the areas with boundaries determined in
stages which are outside the definitions and scopes of the Laws No. 7269 and
4373 shall be sent to the relevant Region, Operation and Maintenance
Department and relevant Governorship, after the approval of the General
Directorate of DSI.

One copy of the documents relating to flood areas in closed basins determined
in stages shall be sent to the relevant Region, Operation and Maintenance
Department and the releévant Governorship.

2.4.5 Establishment of observation stations

Observation stations are included in annual programs through suggestions by the Regional

Direciorates, proposals by the Department of Study and Planning, and as-approved by the

General Directorate, and the following principles are taken into consideration in the

establishment of them meeling the requirements: -

(a)

If no observation stations for precipilation, flow and levels (elevations)

established by DS1 or other institutions exist at locations cncountering fatalitics
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and property losses which were announced as flood areas, the stations to be

established at such locations,

(b) In basins where floods in spring due to snow meliing are important, snow

observation stations,

(c) Especially at dams which also serve for the purpose of flood protection,
observation stations for reservoir inflow and outflow necessitated for reservoir

operation studies and other observation stations which may be necessary,

(&) In addition, for the purpose of obtaining hydrological data for the planning
studies of facilities which may be constructed in the future on stieams in the
basins which were announced as flood regions but without any facilities of
DSI, observation stations shall be established.

2.4.6 - Estabilishment of warning (alarm) systems

In cases where it is necessary to estimate or forecast flood beforehand in stream basins or on

streams, automatic or semi-automatic warning systems may be established considering the
importance of the flood and the characteristics of the basin, upon suggestions by the Regional
Directorates, reviews by the Department of Study and Planning and approval by the General

Directorate, to be included in annual programs.

ey

-2.4.7 Communication systems

Establishment of communication systems

Ancffective cbmmu'nic_ation system is established between the preéipitation, flow and .
warning stations eslablished in-the basins and beds of the streams causing f_atﬁlities’
and property losses, and the division or operation centers to which such stations

report.

Taking the importance and characteristics of the expected floods and the status of
o_bservation stati'on.s.i_nto consideration; either wired or wireless coﬂiniunic;ltion
system is selected and. proposed by the Region to the General Directoraté ‘Such
proposals by the Regional Dtrectorate are realized upon reviews by the Departments
of Study and Planning and Opcrdtlon and Maintenance, approvals by the General

Directorate and mcluded in annual programs.
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In addition, considering the conditions of observation stations and flood arcas,

remote alarm, detection and control systems may also be utilized.

It is not necessary o estabtish an additional communication system if PTT centers or |
railway stations are available at the place where observation stations are located. As
per the Article 12 of the Law No. 4373 it is obligatory for post, telegrams and
telephone centers and railway stations to accept the telegrams and telephone calls for
floods as toll-free and urgent, and for officers in charge to send the received text

immediately to the designated address.

2.4.8 Preparation of regional flood plan

The plan demonstrates the works to be executed in beds of important streams and creeks within
the region before, during and after the flood. This plan is prepared by the Regions and

Divisions and executed by the “Flood Council”.

(1)

2

"Flood Council
Flood Council comprises:

(a) .~ Regional Director as the Head,

(bj Assistant Regibnal_ Directors,

(¢) - Operation and Maintenance Technical Group Manager,

(d) .. Machinery and Supply Technical Group Manager,

(e) . Study and Planning Technical Group Manager,

H Relevant Technical Diviston Managers and Technical Staff.

Flood Council is assembled before November-May period during which flood

occurrences are experienced, and the latest in October, and reviews the “Regional

;quod_:Plan”. In addition, the Coungil is assembled as per the instruction of the

Regional Director within the flood season, reviews the measures relating to floods

and implements into force.

RegionalFlQ:o_d Plan

Regional Flood Plan includes three main parts:
(&) Warks to be executed before flood,
(b) Works to be executed during flood,
()~ Works to be executed after flood.
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2.4.9 Flood foreeasting and organization of early warning system

The most obvious characteristics of the flood areas within the Sco_pe of Law No. 7269 is that
buildings and public facilitics there fn'ust have been damaged by fiood to such extent as (o aftect
public life. Fora flood area to be included within the scope of the said law, it must meet the
criteria setoutin the “Regulation Concerning Guidelines Regarding the Effect of Disasters on
Public Life”, ag recognized by the Minisiry of Public Works and Settlement.

In accordance with article 2 of Law No. 7269, as amended by Law No. 1051, those areas
where such a flood disaster takes place will be identified by DSI upon the demand of the
Ministry of Public Works and Settlement and will be‘n_dtified to that Ministry. Then the.
Ministry of Public Works and Settlernent will take Steps to secure that the Cabinet of Ministers

passcs a decree recognizing and announci'ng that area as a disaster area.

‘The proposal to announce an area as a disaster arca, due to & majm flood affecting public life,
may also be submltted by DSI to the Ministry of Public Works and Settlement. The .
organization chart of “Emergency Aid and Rescue Committee”, concer nmg the dlstributmn of
authorities and duties in Turkey in case of such a flood, earthguake, landslide-ctc., is given in
Figure: 2.3.5. As shownon the figure, this organization will be headed by the Governor. In
such an event, all governmental and municipal institutions and units will be responsible for
providing services to the Governor’s Officé, and all information will be collected in Disaster
Bureau. The Disaster Burcau will evaluate the information received from Vaﬁous”agéncies,
will decide the measures to be taken and will issue directives to the Province Rescue and Aid
committee for implementation. The Prbvince'and- Aid Committee will mobilize the relevant
units.  This organization will be set up in accordance with Law No. 7269. The duties and
responmbllmes within the orgammtlon are governed: by Law No. 4373. ’This law makes it
obligatory for every one in the flood area to.be engaged in protection activities against flood
and 1o carry out the orders of the highest civil offices of the jocality in this vegard. The Law
also defines the duties and responsxbllltles of the Governors, District Governors;’ Mayors,
aldermen, directors of relevant institutions and ordinary citizens. '

2.4.10 Organization of DSI and the relevant regional directorates in case of a
flood ' : '

DS is responsible by Law No. 4373 from ali flood coh;rol and protection activities thlroughout.
Turkey, regardtess of the extent of flood. DSI has issued “DS| Flood Controt Instructions- -
19827 in order to secure that its Headquarters and Field Offices are organized in line with this
objective. DSI’s Regional Directorates are Orga{niiqd in ac¢ordance with the chart given in
Figure 2.3.2 in order to carry out their flood control and protection activities most effectively.
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The organization chart given in Figure 2.3.2 is prepared by the General Directorate of DSI and
its Regional Directorates considering the experiences gained in flood protection and fighting
measures. All the regional directorates are organized according to this chart for the floods

whatever the extent of it1s.

The Regional Flood Control Center given in Figure 2.3.3 shows the organization of Adana
Regional Directorate applicd only for Lower Seyhan Plain floods. Adana Regional Directorate
has wide expericnee in flood protection and fighting and the chart given is prepared as a result
of this experience. In our opinion, this organization chart which is still valid for flood
protection and fighting in Lower Seyhan Plain is also suitable for future. However, it may be
supported By additional staff and equipment depending on the latest technology.

Law No. 4373 provides for the establishment of Flood Control Commissions, which will
participate, under the Province Emergency Aid and Rescue Commitiee, in technical protection
and rescue activities in the event of major floods affecting public life. In such an event all
governmental and municipal units, including the military as well, will be obliged to act under
the Governor (Natural Disasters Law No. 7269).
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3. RADIC WAVE PROPAGATION TEST
3.1 Objective of the Study

A radio wave propagation test is onc of the foremost study to obtain actual propagation tosses
in a path, environment noise , and etc. The values of theoretical circuit design are corrected by
the values all of that are measured by the test. The radio wave propagation is highly dependent
on the geographical condition and radio frequency used. If the site land selected proves to be
unsuitable as a result of the test, alternative one should be selected to make a reliable radio link.

The obj'éct:ive of radio wave propagation test and site investigation was to gather necessary
information about radio path conditions and site conditions and 1o design tentative radio circuits
S_Q: that several altcrnative plans of telecommunication network can be proposed for the flood
control, forecasting and waning sysiem for Seyhan River basin.

The test was placed as a part of OJT prograrh for staff of DSI._ In the prbgram, the significance
of test and method of test were discussed through the radio wave propagation test.

3.2 Study Area, Routes and Spans

~The study area was the whole catchment area of Seyhan Rlver basin. The test was conducted
in accordance with a tentative plan of telccommunication network which was draf ted by based
on the three alternative plans of nydrome[eorologlcaj network.

3.2.1 Multiplex radio link

Several locations of repeater station were selected by considering proper repeater spacing. Then
a study route was drafted. The theor_etiéal circuit design and field survey were conducted at
several conceivable locations. The foremost consideration in settihg up amultiplex radio link is
that line-of -sight transmission is required. In this field survey, the line-of-sight in a path was
examined by means of flashing a path by reflecting sunlight off a mirror (o the opposite end of
the path, or mitror test. The radio paths were studied and evaluated by checking obstructions.
The het ght of obstruction (ridge) in a path was checked with terrain contour maps.

:The circuit demgn was made on assummg that the 2GHz band to be used for the multiplex
radio link .

The main study items of multiplex radio link are listed below.
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« Survey of site aspects at the conceivable location

» Examination of site location

» Terrain profile

s Examination of line-of -sight condition with a mirror

° Examnndtton of topography condmon

* Examination of topography around the reﬂeetmg point

3.2.2 Simplex radio link

Several locations of repeater station were selected to eonnect cach gauging station planned. |
Then a transmlssmn route was drafted. The theoretlcal circuit design and radio wave
'propagatlon test for telemetry system was conducted based on the three alternattve plan of
hydrometeorologlcal network, and for UHF xad:o link system was conducted based on the
brief destgn of the system. The: test of snmplex radio is made by means of measurmg the
strength of a signal by transmitting radio waves. Radio frequencies used wexe (1) 70.26MHz
for the test of telemetry system, and (2} 411.7MHz for the test of _data transmlssxon system.

The main study items of simplex radio link are listed below.

. Survey of site aspects (radio wave propagatton condmone)
S e Measunng of recewmg power (receiving 1nput voItage)
. Measunng of po]anzatlon plane patiern of anitenna horizontal pattem)
. Measunng of hei ght pattern of antenna ( he1 ght pattern)
s Measunng of signal to noise ratio .
* Recording of external noise _
» Survey of radio interference f) rom existing radio station

3.3  'Test Results and Evaluation

@ Multi'ple}_:radiolink._

Conditions of Ime~of-51ght were conf;rmed by mirror test at each test Iocatlon The results of
field survey for mulnplex radlo link are summanzed ln Table 3.3. 1. '

In some spans the mirror test was unable to carry out due to alimited survey perlod theoretlcal
path calculation was made bascd on terrain profiles. A mtrro; test mciudmg a field survey for

the rest of station is reqmred in the future

Required field survey ifems in the f uture are Iisted below,
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= Detailed ficld survey at each planed repeater station
» Path survey at cach station at which the mirror test was not able to carry out during

the field survey

The criteria of multiplex radio link are followed in accordance with CCIR (Consultative
Committee International Radio) Recommendation 594 and Report 930.

Hypothetical reference cirenit for radio relay system: length of reference circuit; 2,500km
Bit crror rate(BER) should not exceed the following values.

+ Short term: BER 1 x 103 during more than 0.054% x D (km) / 2,500 of any month

(integration time 1 second)

» Long term: BER 1 x 100 during more than 0.4% x D (km) / 2,500 of any month

(integration time 1 minute)
(2) - Simplex radio link

" The test result shows that some stations recju_ire countermeasures such as a placement of
repeater station or a selection of alternative location. These problems are matnly caused by
obstructions existed in the radio path. The problems and their countermeasures are summarized
in Table 3.3.2 and Table 3.3.3.

External noise was measured at several stations. The result suggests that the external noise
will not significantly affect the radio circuits because the gauging stations and repeater stations
are located in remote area where there are less noise sources such as high voltage transmission

lines, factories, and vehicles with ignition system.

As for radio interference {rom existing radio stations, no interference was observed at each
station fested on the frequenéy and the frequency nearby.

The evaluation was made by considering the rec'e-ivling voltage(calculated and measured value),
_fading, terrain prdfiie, antenna patterns(horizo'ntal and height pattern), and external noise
power in all their aspects. The results of radio wave propagation test for simplex radio link are
shown in Table 3.3.4, Table 3.3.5 and Table 3.3.6.

The criteria of simplex radio link are followed in accordance with a standard which is usually
applied for telemetry radio link in VHF/UHF band as described below.
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(a)

(&)

NG

Required signal to noise ratio (S/N)

The required signal to noise ratio for telemetry radio link is 30dB which is
equlvalenl to. the bit error rate 1 x 105 for obtammg the requncd C/N by

applying f ollowmg factors.

* Characteristics of modulation at VHF/UHF radio equi pment
» Equivalent of peak noise power
« Distortion margin o

The standard signal to noise ratio of simplex radio link (S/Nsd)

" The standard signal to noise is set by ap'plyiﬁg following faclors.

» Fading margin
7OMHz band: 0.1dB/km +3dB
400MHz band: 0.2dB/km + 3dB

* Compensative value for 2 span connection
Simplex radio link: 3dB (per span)

Multiplex radio link: 0.3dB (Telemetry system)

* Other ﬁlargin' (deteriotation mafgin )
2.5dB

The standard S/N of sih'lp!éﬁ radio link is shown below.
The standard signa] to noise ratio of sirhplex' fadio link (S!_Néd)

Telemelry Radlo Link 7(}MHz Band

Number of 1adio 5§ span; l SI Vsd (dB) : Slandardldjstat.ncé (km)
Single span - 40.5 - -50 - o
Two span : 43.5 o 50

Connection with 408 ' ; 50 -

multiplex radio fink = B - - ‘

- 40 -



Telemetry Radio Link 400MHz Band

Number of radio span: S/Nsd(dB): Standard distance (km)
Single span 415 30
.Two span 44.5 30

Connection with 41.8 30

nultiplex radio link

(¢) Required receiving power

The required receiving power at standard S/Nsd (40.5dB) is set by applying
noise figure and deterioration by external noise.

Required receiving power is shown below.

Item : Standard S/N(S/Nsd) Remarks

EN(Ambieat conditionsin  14.7 The measured value can be applied as
mountain arca) {NC: cquivalent to 5dB) EN when the data is available.
Standard /N 40508 |

Sin ple span -88.8dBm required receiving power

(d) External noise

The noise deterioration (NC} by external noise to the radio circuit design is
adopted from the following values listed below.

~ Noise
frequencyBand Deterioration”  Condition of Location
' (NO)
70Mz Band 5B remote area, mountain area, river side(no residential aren or road)
10dB suburb, near the high voltage transmission line
1548 vicinity of national road, cites

Measuredvalue urban area(big city), heavy traffic road, industrial area

400MHz Band 2dB all arca except the area described beliow

Measuredvalue  urban area(big cily), heavy wralfic road, industrial area

5dB was adopted as a noise deterioration in design of 70MHz band radio
circuit, _

2dB was adopted as a noise deterioration in design of 400MHz band radio
circuit. -
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3) Outline of Telecommunication Network
A telecomimunication network is drafted based on the test results and technical considerations.

The telecommunication network i$ made up of the combination of simplex radio, multiplex
radio and PTT line. The outlitie of telecommunication network is shown in Figure 3.3.1.
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4. BASIC CONCEPTS OF FLOOD FORECASTING AND WARNING
4.1 Ohjective of Flood Forecasting and Warning

The objec':tiveiof the Flood Forecasting and Warning is to establish the Flood Protection System
in the Seyhan River basin and main items are described as follows.

(€h) Flood protection of levees in the lower reaches

Since the levees in the lower reaches are of importance to protect the life of the residents and
their properties and agricultural products, it is needed to transmit the accurate information on
flood protection to people concerned for the purpose of obtaining the safety of the levees.

(2) Flood controf of Seyhan and Catalan Dams

The optimum”comprehenéive flood control of the Seyhan and Catalan Dams have to be
established on the basis of the flood forecasting system.

3) Dam operation for hydroelectric power generation

Dam operations for the hydropo‘vcr generation can be improved by the introduction of the
telemetering system for hydrometeorological observation network.

4.2  Forecasting Items at Base Points
There exist ten conceivable water level gauging stations which can be utilized for the flood

forecasting. The forecasting items and treaiment of flood forecasting system at base points are
summarized below:
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