Baseor Treatment of
Station River Name Forecasting © Forccasting Fiood Fore- -
Namie Station " ftems casting System
1822 UpperZamantt  Base Station - Comapniation of Outflow
: from Subbasin
1806 LowerZamant:  Base Station - - Computation of Outflow
. - from Subbasin
1801 Upper Giksu Base Station - Compnutation of Outflow
: ' " froni Subbasin
1805 Lower Goksu Base Station - Computation of Outflow
from Subbagin
1818 Seyhan Base Station - .Computation of QCutflow
. : from Subbasin
1825 ‘Eglence Base Siation - Computation of Outflow
T from Subbasin.
1820 Korkiin Base Station - Computation of Outflow
o : - from Subbasin '
1828 Cakat - Base Station - Computation of Qutflow
. ' from Subbasin
Seyhan  Seyhan Forecasting “Discharge and - Forecasting of Intlow
Damn Station Water Level into Reservoir
(Catalan  Scyhan Forecasting Discharge and Forecasting of Inflow
"Dam o Station WaterLevel ©  into Reservoir

4.3 Flood Coentrol Facilities

The river structures which are treated for the Flood Forccasting and Waming System arc

explained below.
(D Seyhan Dam

Seyhan Dam is the multipurpose dam which shall be ré_gulated for flood control. Based on the
forecasting of the inflow into the reservoir, the outflow shail be input in the forecasting system.

(2  CatalanDam

Catalan Dam is also the multipurpose dam which shall be regulated for flood control. Based on
the forecasting of the inflow into the reservoir, the ouiflow shall be input in the forecasting
system., o
4.4 Flood Forecasting Time

Flood is a natural phenomenon caused by rainfall alone or combined with showmélt in the
Seyhan River basin, There exists a lag time within the rainfall - runoff and snowmelt runoff

processes. Therefore, the flood runoff forecasting.can be made by estimating the rainfall -
runoff process or/and snowmelt runoff process. -
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The lag time can be considered to be nearly the same with the flood concentration time. The
future's inflows ina few hours into the Seyhan and Catalan Dams can be forecast by the
measured rainfail and forccast rainfall.
4.5 Rainfall Forecasting
Necessity of the rainfall forecasting is categorized into the following.

(1) To forecast the flood from the main river for longer hours

(2) Toforecast the flood from the tributaries with the shorter lag time

For the tlood forecasting in' the Seyhan River basin, the latter case shall be considered as a

rainfall forecasting,
4.6 Method of Flood Forecasting

To take into consideration the runoff from the subbasins and the routing effects of the river
channels, the following non-linear hydrological models are applied.:

(1) Storage function basin madel for rainfall-runoff process in the subbasins
' (2) Storage function rivér mode] for river channel routing effects
The sir'n:pie snowmelt fuﬂoff model is also constructed and combined with the above modeié.
The method of flood forecasting is summarized below:
(1) Tocompute the flood runoffs based on the flood runoff models
(2) Toeval uaté the pagt forecasting errors by the updated telemetered information

(3) To forecast the future flood runoff with the presently measured and telemetered
information
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4.7 Design of Flood Forecasting and Waz-hing System

The following lists basic ideas for flood for'e'cas'ting and warning system in Seyhan River

basin.

(@) Hydrometeorological data is collected from hydrologic standpoint for flood
control in Seyhan River basin and flood forecast is executed. DSI 6th regional
directorate is agency which administer river control on the basis of processed
data:

(b) Seyhan Dam and Catalan Dam (under construction) are the most important flood
protective facilities for flood control in Seyhan River basin, and therefore, it
requirés fast and high quality system to transmit data and information regarding

~ operation and management of these facilitics.

(¢) Itrequires the system to collect Hydrometeorological data fast and certainly, to
- process fast flood forecast and transmit certainly flood warning,

Flood forecasting and warning system is composed of systein to collect data, to process data
and to transmit data. It requires system design to combine these orgamca]ly Basic pohcy of

d631gn is as follows;
(1) Data collection system .

The system is to collect fast and certainly hydrometeorological data from rainfall and water
level gauging station at flood control committee of DSI 6th regional directorate where fs cortrol

center for data processing.
(2) Data processing system

The system is to input data collected to a computer in on-line process, to make primary
processing of collected data, data -d_isplay processing, flood forecast processing and file
processing on real time. The system is provided for 'back—up function againét abnormal events
such as outage, etc. S | '



2) Data transmission system
The system is to transmit fast and certainly forecast information to related agencies needed it.

As transmission media and its content are dependent on content of data and information, data
transmission system is established to meet conditions of Turkey.

.






5. FORMULATION OF OPTIMUM FLOOD FORECASTING AND
" WARNING SYSTEM '

5.1 Formulation of Hydrométeordlogical Observation Plan
5.1.1 Formulation of water level gauging station
() Basic approach

"To formulate the water level gauging station which shall be telemetered for flood forecasting,
the existing gauging stations are evaluated by several requireménts for an ideal base station. |
The water level gauging station at flood control structures such as Seyhan Dam and Catalan
Dam is also considered to be a forecasting station for flood forecasting.

(2) . ‘Requirements for an ideal base station

The requirements {or an ideal base station are outlined as below:

(2) Itmust bé'stlategically located,

{b) Itmustbe équipped with an automatic water level] recorder,

(¢} The gauge should be easily accessible, |

(d) The gauge should be located in a straight reach of the river without the mﬂuen(,e
| of back—water from downstream reservoir, and

(e It must have suff. 1c1ent1y long-term flood records with continuous water level

recording charts.
3} Subdivision of Goksu and Zamanti River basins
The entlre basms of Goksu and Zamanti R_lver are subdivided into two subbasms at 1801 and
1822 water gaugmg stations since the upstream and downstream subbasins are regarded as
mdependent and homogenous ones based on the geographical, geological, topographical, and
hydrolog:ical observations. Also, the basin size of each subbasin is suitable for storage
function basi_n model. '

(&) _Seleétiéﬁ of base water level gauging station to be telemetered

The several water level gauging stalions are selected, based on the above criteria mentioned in
(23, as given below:
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Base Water Level Gauging Stations to be Télemctercd_

No. of Type of Nameof Catchment  Opemted

Gaugc Gaugc River Area (km2) by . " Main PUIp()se of Estimate -
i822  Automatic Zamantt 6,990 ElE Gutflow from middle and upctrcam of
' : ' - Zamanu River
1806 Staff *1 Zamanh 1,833 FiE Outflow from downstream of Zamants
: River
1801  Automatic  Gokso - 2,298 KB Ouiiflow from middle and upstream of .
: : . Giksu River
1805  spaff *1 Goksu 2,099 LB Qutfiow from Goksu River
1818  Automatic  Seyhan 858 EE Inflow into Catalan Dam
1825  Automatic Eptence 506 EIE Inflow into Clatalan Dam
1820 Automatic.  Kbrkiin 1427 EIF Inflow inte Seyhan Dam
1828 Automatic Cakat . 1,797 EIE Inflow into Seyban Dam

Note: ~ *1  Type of gauge shall be chaniged to be automatic for flood forecasting system plan.
&) Selection of forecasting water level gauging station

To forecast the flood runoff into the reservoir and to operate the dam, the water level gauging
station shall be installed at Seyhan and Catalan Dams. '

'5.1.2 Formulation of rainfall gauging station
(D Basic approach

To forecast the flood runoffs'd'r'aining into the flood control Structilres such as Seyhan and
Catalan Dams from severai sub- basms of the Seyhan River basin, it is of lmportance to
estimate the mean basin rainfall when a rain storm oceurs in the basm

The rainfall gauging station to be telemetercd is 2 group of the mm:mum ramfali gaugmg

stations requxred to represent the mean basin rainfall amount w:thm the acceptable range of
estimate error, and itis defined to be representatlve rainfall gaugmg statlon For the purpose of

estimating the basin rainfall, the represematlve ramfall gauging station is selecied” among the

exxstmg rainfali gaugmg stations by the statistical method namely, the multlple hneah
1egressmn ana]ysm on the observed ramfall 1ecords _

Since the Seyhan River basin is needed to-be divided into several sub- basins for the flood

runoff analysis, the representauve ramfall gaugmg statlon shal] be selected on the basxs of the
sub-basins. ' '
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(Z) = Evaluation of major rain storms

Following 24 storm rainfall records are picked up as the representative storm rainfall among the

past abservation records when the storm caused flood in the Seyhan River basin.

Month Year . Month Year

Dec. 1937 Dec. 1957
May 1946 Dec. 1961
Nov. 1947 Dec. ' 1969
Dec. 1947 Tan. 1970
Feb. 1948 Jun, 1972
May 1950 - May 1973
Feb. 1952 Jun. 1973
Mar. 1352 Apr. 1975
Apr. 1952 May 1975
Apr. 1953 Mar. ' 1980
Tun. : © 1957 ' : Apr. 1980
Tul. 1957 Dec. 1987

The above storm records are used for the evaluation of allocation plan of representative rainfail

station.

{3) Interpolatioﬁ of missing data

The missing data of daily and hourly rainfall are interpolated by the following method using the

rainfall data of the nezirby stations,

{a)

(b)

The simplc linear regression analysis is made among all the rainfall gauging
stations in and around the Seyhan River basin on a daily basis. The correlation
cocfficient (r) between two stations is calculated and summarized in the

corrclaticn matrix as shown in Table 5.1.1.

The correlated stations having a correlation coefficient (r) greater than or equal
to 0.8 are 'shown in Figure 5.1.1. Also, the uncorrelated stations having (1)

less than or éqﬁai to 0.2 are shown in Figure 5.1.2. Two figures clearly

suggest that the results of this analysis are in agreement with the topographical

' and climate conchtaons in the Seyhan River basin.

-'I‘hé nearby station _cdrrelated with the station with missing data, having the

highest value of correlation coefficient, is selected to interpolate the missing
data.. | '
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* The minimum requirement of correlation coefficient is set to be greater than or

equal to 0.8.
T'he linear regression equation adopted as below:

Y#aX+b

where, Y = Missingdaily rainfall _
X = Daily rainfall at correlated station
a = Simpleregression coefficient
b = Constant

In case that missing data cannot be interpolated by the simple linear regression

analysis explained in (b), the multiple linear regression using ‘the forward

stepwise regression method is adopted. The muluple linear regression equation

is described as below: ‘

YzaXi+amXat....... +an Xn+b
where, Xi = Daily rainfall at correlated stations
n = Number of station
= Multiple regression coefficients (i = 1 to n)
b = Constant
For the purpose of illustration the sample computations are summarized only for
Karsant: rainfall gauging station as below. o
The Results of Mul.tiplc Line.ar Regression
Selection of Stations _
Step I Step2 . .Step3
Selected Station. - -+ Sibhli. . » Sshis - - e« Sthh .-
« Seyhan Brj. * Seyhan Brj.

: : ' e Pozanti_
a (for Sihtk) 0805 0.605. 0517
a(for SeybanBrj} R 0.671 . 0.630
a {for Pozant) S 0.118.
_b (mm) oo 1607 . ~0.115 g 0.013

r | T 0,783 B 0882
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@ Estimation of mean basi'n rainfall

The selection of representative rainfall gauging station requires knowledge of true value of
mean basin rainfall. The hypothetical true value of mean basin rainfall is calculated by
Thiessen Method which weights each existing station in direct proportion to the area it

represents,

Polygons are constructed by drawing perpendicular bisectors to lines connecting the existing

stations as shown in Figure 5.1.3.
(5  Selection of representative station

The.representative rainfall 'gauging station is selected, using the daily rainfall data prepared by
(2) and (3), based on the following procedure. ‘

(a) Multiple linear regression using the backward stepwise regression method is
adopted to determine the required number of representative station.

(b) 'The effective arca for each station obtained by Polygons is allocated to sub-
basins as shown in Table 5.1.2. :

(c) Hypothetical true value of mean basin rainfall is calculated by total number of
existing stations of which rainfall amount is effective to the sub-basin given in
Table 5.1.2,

(d) Multiple liriear regression equation is described below:

n
Rs =¥ (ai xRi )+b
) i=1

Hypoihetical frue value of mean basin rainfall

where, Ry =
Ri = Pointrainfall of representative rainfall gauging station
n = Numberof repres'entalive rainfall gauging stations
~a = Multiple i‘egression coefficient

) b _::  Constant

(e) The accuracy of estimate of mean basin rainfall depends on the number of
representative rainfall gauging station,
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(6)

The degree of accuracy is indicated by the correlation coefficient given by
multiple lincar regression. Relationship between the degree of accuracy of
~ estimate and the number of representative station for the plan of Alfcrnative 2 is
shown in Figure 5.1.4 and also Figure 5.1.5 as an example for __the Goksu,

River basin.

' (f) As indicated in Fi gure 5.1.4, there is a point {rom which the curve inclines

drastically depending on the decreasc of the number of station.

"The point indicates the minimum number of representative rainfall gauging
station required to estimate the mean basin rainfall within the acceptable range of

accuracy.

Alternative plan of representative rainfall gauging staﬁon to be telemetered.

(a) Thealternative plan of representative rainfall gauging station to be telemetered is
studied only for the Zamanti and Goksu River basins because of the following

reasons.

- The .Zama.nti_ and Goksu River basins are composed of two sub-basins
characterized by the noticeable different climate and fopography as below:

Snbhas_in ‘ E - Bastn Characteristics

(1) Theupstream and middle-streamn basins Flat river basin .
{Approximately up to 1822 and 1801

stream pauging stations) Comparatively less storm rainfall

(2) Downstream basin (Approximately after
1822 and 1801 stream gauging stations)

'

. Steepriver basin .-
Comparatively more storm rainfall

- The other smaﬂ. tributaries have rio remarkable characteristics of dif fereni
climate and topography within the basin.

(b) Therefore, the alternative plans are coneeived as below:
- Alternative1: The Zamant and Goksu basins are divided into two sub-

basins before and after 1822 and 1801 stream gauging

stations.



- Alternative2:  The Zamants and Goksu basins are treated as one whole
~ basin, _
1822 and 1801 stream gauging stations are not installed as
the result of the treatment.

(¢) The results of the selection of representative rainfall gauging station for the
above Aliernative 1 and Alternative 2 are summarized in Figures 5.1.6 and
5.1.7 and Tables 5.1.3 and 5.1.4.

Considering the lesser influence of the rainfall in the middle and upstream basins of the
Zamant1 River basin observed by rainfall study in the case of flood events in the Seyhan River
 basin, the Alternative 3 is additionally conceived as below.

.. - Alternative3:  No telemetering rainfall gauging stations are installed above
1822 stream gauging station.

1822 stream gauging station is only installed with telemetry to
observe the se’Condary flood runoff,

5.1.3 Formulation of temperature gauging station
14)) Representative meteorological gauging stations

To select the representative temperafure gaugirng stations to be telemetered for the purpose of
forecasting the snowmelt runoff in the subbasins, the representative meteorological gauging
stations that were formulated for the hydrometeorological observation network to be
telemetered for the Seyhan River basin are evaluaied on the basis of hydrometeorological
criteria. The locations of the represeniative stations are shown in Figure 5.1.6.

(2) Meteorological gauging stations with available daily mean temperature data

Among the representative m_eteorological gauging stations, daily mean temperature data are
obtairied at the following stations. : -

(@  Pozanti( 778 ELm)
(b) Camardi ( 1500 El.m )
(¢) - Feke(620ELm)
(dy  Tomarza( 1400 El.m)
() Punarbasi ( 1470 El.m )
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(3 Criteria to select the representative lemperature gauging stations

To estimate the accurate and reliable temperature at the snow-covered area, the following

criteria are considered.

(@) The gauging stations situated at relatively higher elevation are (o be selected to

minimize the estimate esrors. ' ' '

(b) The gauging stations are to be representatively situated in the subbasin.

{©) The selected gauging stations are recommended (o possess the past records of
daily temperature.

(d) * The nearest gauging station is to be'selected in case that no gauging stations are
available within the subbasin. -

4) Selected represcntative temperature gauging sations

Based upon the above-defined criteria, the representative temperature gauging station is

evaluated for each subbasin. Seven stations are sclected and shown below,

Selected Representative Temperature Gauging Statiobs

BasinNo. . . BasinName Sefected Station _ Elevation (El.m)
i ‘Upper Zamank: ( above 1822) Tomatza 1,400
2 Tower Zamantt ( 1806 - 1822) " Sihlx 1,400
3 Upper Goksu ( above 1801 ) . Tufanboyli 1350 -
4 Lower Goksu ( 1805 - 1801) - Mansurlu . - 1,050
5 Seyhan (1818 - Confluence) Karsanti 860
6 Eglence { above 1825) Kamigh 1,225
7 Eglence ( below 1825) Not necessary
8 Seyhan { Catalan - 1818 ) . Not necessary -
9 Korkiin  above 1820) Kamugh 1,225 -
i0 Korkiin { below 1820) Not zecessary
11 Ucurge Pozanti 778
12 Seyhan ( Seyhan - Catalan ) " Notnecessary o
13 Calat (above 1828) : TR

Pozant1
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5.1.4 Formulation of hydrometeorological observation network

Based on the above studies to formulate the representative water level and rainfall gauging
stations to be telemetered, three alfernative plans are conceived as summarized below:

Alternative Plans of Hydrometeorological Observation Network

Alternative Mo. of water level No, of rainfall No. of Note

gauging station gauging siation lanpembure

gauging slation

Forecasting
Bgse station siahnn* .
1 8 ' 2 16 -7 Zamantt and Goksu Rivers are
. divided info two subbasin at 1822
and 1801
2 6 2 ' i3 7 Zamant: and Goksu Rivers are
. _ treated as one basin
3 7 2 10 _ 7 Zamantt 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 three conceivable alterilati\"e plans studied by the statistical methods and hydraulic
consideration, Alternative’ lis the most suitable plan for the Seyhan River basin taken into
con81dcrat10n the unpredxctable natural phenomenon as below. '

- The unilateral area of storm rainfall,
- Thechangeable distribution of storm rainfall, and

- The changeable magnitude of storm rainfall.

Qp__mum Plan of Hydmmeleorologl_cai Observauon Network

.Base Water Level Gaugmg Forecastmg Watcr Ramfall Gaugmg Temperature Gauging

Statson ' Level Gauging Station  Station Station
1822 (Zatﬂantl upstréam) 'Seyhan Dam Catalan Dam Karsanty
. '1806 (Zamantt downstream) - Catalan Dam - Karsan Pozantt
1801 (Gvtksu upstream) Ciftchan Kamigh
1805 (Goksu downstream) B ' Pozanti Mansurli
1818 (Seyhan River) S Karaisalt Tufanbeyli
1825 (Elence River) ' : Kamish Sihh (Seyhli)
- 1820 (Korkiin River) A © (amardy " Tommza
1828 (Cakat River) . . Feke
' S : Mansurlu
Saimbeyli
Tufanbeyli
Kazancik
Pmarbag
Sibly (Seyhli)
Toklar
_Tomarza
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5.2 Basic Study of Aliernative Plans

This section describes the basic items of s_tudy as to the sub-systems of the flood forecasting
and warning system that are common to the alternative plans presented below; the sub-systems
referring to a data collection system, a data processing system and a data transmission system.

5.2.1 Basic study of the data collection system

Based on prior studies of a hydrometcorological ob_sérvatioﬁ network plan, basic studies are
made for the hydrometéoroiogical. data collection system that covers the area from
hydrometeorological gauging sites to the DS] 6th regional directorate and related agent:ies.
These basic studies relate to those basic items of the data collcction system that are common to

each alternative ;51&411. More specifically, the following items are studied:
n - Basic study policics

_During siudy of a data collection system for the ﬂood iorecasnng and warnmg system in
Seyhan River basin, further studics are made for the results of survey of the currcnt data
collection system, for the purpose and functions of the flood forecastmg and warning system 1o |
be structured, and for the geographical conditions of the areas covered. The basic design
concept for the new data collection system is establlbhed using those analyses.

The basic design concept for the new. data collection system is to be set on the study policies-
described below. o ' o :

(2) The data collection system is capable of collecting and hydrometeoroiogiCal data
both accurately and rapidly from hjrdfémeteorofdgidal gai:ging sites into a flood
"forecastmg and warhing ‘control center. The ﬂood forecastmg and wammg
control center is to act as the center of ﬂood forecasﬂng and warning control
information that collects processes, and distribuies and hydrometeorologlcal
data. The Seyhan Dam office and the DSI 6th regional directorate : are selected
as the promising setup locations for the control cenier. The flood forecastmg
and Waming control'cént.e'r, however, is to be set up in the'DSi 6ih:région'al
'direCthate since the flood control committee is organized in DSI 6 th regional .

directorate during floods.

Collection of necegsafy data in related agencies is discussed in Section 5.2.3,
Basic study of the data transmission system,
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(b) The types of data to be collected using the data collection system are rainfall,
water level and air temperature. The maximum gauging stations for these three
types of data are listed in Table 5.2.1, and alternative plans are to be set up from
the listing.

(¢) Inprinciple, data collection intervals are as listed below.

Gauging item ~Collection Intervals _ Remarks
Rainfall Every hour on the hour Calenlations of hourly rainfalls, every
. hour on the hour, become the minimum
unit.
Waterlevel Every hour on the hour It is preferable that whenever necessary,
: "~ collection of any data is possibic.
Air femperature Every hour on the howr It is preferable that whenever necessary,
' collection of any data is possible.

(d) Use of radar rain gauge data, described in this section, is discussed as one
alternative method for rainfall data collection.

(e) If terrestrial communications circuits are to be used to collect data, since

continuous collection of hydrometeorological data is not required, those
communications circuits are of the half-duplex type that uses VHF radio
communications links of high circuit design efficiency. Also, the optimum link
configuration is designed by combining those links with the multiplex radio
communications links mainly intended for data and information transmission
purposes. -1n addition, cOnsidering"the topographical conditions of the Seyhan
River basin, the VHF radio communications links usc a frequency band of 70
MHz, which is ideal for mountainous propagation, while at the same time being
high in circuit design efficiency and allowing its use in the Republic of Turkey

“to be licensed.
Study of the circuits schemes

During 'study_ of the data céllection methods, the available circuit schemes can be broadly
divided inio the terrestrial communications circuit scheme and the satellite communications
- circuit sche_me. Comparative'_studiES on these two schemes are listed in Table 5.2.2. The
satellite c@mmunicatiqns circuit:under the comparative study plan is the VSAT (Very Small
Aperture Terminal) syslem'that uses a Turkish satellite. The VSAT system, although not yet

usable, is to-be studied in'comparison with the terrestrial communications circuit, on the
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assumption that the system will become usable in the near future. For the flood forccasting and
warning system, further studies that assume use of the terrestrial communications circuit are to

be performed for the following reasons:

(a)

(b)

(©)

(d)

To use the VSAT system, users should install VSAT equipment. - Also,
considering cireuit usage charges, the cquipment costs are ntore expensive than
the same as those of the terrestrial communications circuit

In areas that sulfer from snow fall, snow-melling equipment is required agatnst
the accumulation of snow on the antennas. In view of the electrical power

supply siluation in the Seyhan River basin areas, measures for stabilized supply

of power should be undertaken since mlssmg -data is llkely to occur very

f1 equently

In terms of maintenance and management, if failures occur in the satellite

- communications circuit, significant amounts of time will need to be spent in

restoration.

The frequency band used for the VSAT systeni is susceptible to atténuation due
to rainfall, and thus missing-data is likely to occur.

3) - Study of - data collection methods .

Either Centtizlized collection or distributed collection is usually uscd to colleet data. Centralized

collection is a method intended to direcﬁy collect data at flood i drecasling and warning centers,

and distributed collection is a method intended to collect data at sub—su'per'vi_sory' stations and

then transfer the data to the flood torecasting and warning centers. Judging from comparative

studies on these two methods, a di_stn'butéd collection method approximate to the centralized

collection method should be used for the system, mainly for the following reasons:

(a)

(b)

In the Seyhan River basm river management dam management and’ floodr
control are centralized at the DSI 6th regional directorate.

For ideal centralized collection, a supervisory station is installed a't_- the flood
forecasting and warning center. To allow for the structuring of an integrated
dam management system in the future, however, setup of a supervisory station

-at the Seyhan Dam office increases the extendibility of the system.
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(4) Study of telemetering methods

Rainfall, water levels and other river management data, including flood forecasting and
warning information, are usually collected using one of the following two telemetering
methods :

- Polling

- Eventreporling

Judging from the ébm'par:étiVe studies, it is preferable that the flood forecasting and warning
system should use the polling method for the following four main reasons:

(@) Itis necessary that radio waves are effectively used under appropriate circuit
control of the radio waves, because the area to be covered is very wide and
becanse the total number of intended stations is large.

(b) The system correctly performs the functions that become effective in the event
of flooding, and thus high system reliability is demanded.

(c) Since the aréa to be covered is very wide, not only circuit configuration
becomes sophisticated, but also is demanded a very wide span. A method
advanlagéous for the prevention and reduction of noise, therefore, is required.
In view of this, polling is effective since, if data cannot be collected because of
noise, automatic recollection becomes possible with the polling method.

(d) The telemetering method demands one effective in terms of mainienance.

Unlike event _rcportihg, polling allows data to be checked and thus becomes

effective in terms of maintenance.
(5) Radar rain gauges
Radar gauges is rainfall data collection system which emits radio waves, receives and amplifies
reflected waves from rain drops and measures rainfall intensity indirectly by receiving power.
This paragraph describes the roles, functions and location plan of radar gauges in the flood
forecasting and warning plan, '

(@) Roles of radar rain gauge -

- Tograsp thc_b_asin rainfall
- Tomomtor rainfall on real time
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- Tobe possibility of rainfall area forecast
Functions of radar gauges

- Gauging range
e Quantitative gauging within a radius of 120 km
* Qualitative gauging within a radius of 198 km
- Processmg
e Processing of the intensity of five-minute rainfall within a mesh of 3 km,
five levels of qualitative dlspiay_data, ‘and ten levels of quantitative
~display data
- -Display ;
- Gauged rainfall, hlstory replay of ramfail and ramfall forecast are dxsplayed
in four split.patterns: -
. Quahtatlve riverchart
. km-meshed five- Ievel display .of the quahtatlve data that is measured
within a radius of 198 km
»  Quantitative river chart
km-meshed ten-level display of the quantitative data that is measured
 within a radius of 120 km
» Quantitative basin chart
Quantitative display for eachriver. basm
~»_ - Basin-dependent rainfall depth chart
Display of split iiver basin rainfall for each basin
- 'Transmissnon T L ,
- Simultaneous transmission of data to mu]tlple remote sites -

Study of prospective radar sites

Here, the radar sites where radar rain gauges for the system is located are‘
studied, R . L .
During study of prospectlve radar sites, it is necessary that the mtended basm
belongs to the area where data can be measured as accurately as possible. . In
these terms, juc'ig'in_g from the topographical conditi_o'né_of ‘the Seyhén_ Rlver

basin, Ziyaret T. and Feke Dagi can be selected as promising candidates.
Comiparative studies on these two places are listed in Table 5.2.3, Figure 5.2.1

‘shows the gauging ranges obtained by setting of a radar site in the two

candidates, and Figure 5.2. 2 shows: the system configuration of radar rain
gauges in that case.
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§.2.2 Basic study of the data processing system

n Basic items of study

The data processing system is intended to support flood control activities both smoothly and
efficiently by processing collected data and then rapidly supplying the appropriate and accurate
data. To fulfill these objectives, the data processing system having various processing
functions is required. This section describes the basic requirements of the data processing
system that are common to each alternative plan: The following lists study items that are likely

to be required at control centers: .

Display processing

Record processing

Computing

File processing and data storage

) Display processing

The following lists display items that are usually required for a flood forecasting and warning

system:

(a)

®

Display items on gréphics and tables

River basin status charts
Water level data lists

" Rainfall data lists

Discharge data lists

Air temperature data lists

Water level data chronological graphs

Rainfall data CHfonological graphs

Water level a.nd discharge data chronological graphs
Air temperature data chronological graphs

- Simulation display of flood forecast

Other necessary items

Display items on numeric data and siates

- - Hourly rainfall data

- . Cumulative rainfall data

-63 -



- Average basin rainfall data
- Current water level data

- Current discharge data

- Water Ievel warnings

- Rainfall warnings

- Other necessary items

3 Record processing -

The following lists recording items that are usually required for a flood forecasting and

warning sysiem:

- Daily managementreports

- Monthly management reports
- Operation/operating logs

- Waming logs

- Others required

(4 Computing

The computing items required for the display and recording operations described in Paragraphs
(3) and (4) above are listed below. o : :

- Hourly rainfall processing
- Daily rainfall processing
- A?erage basin rainfall processing
- Rainfall warning judgment processing
- Water level warning judgment processing
- Discharge processing = '
- Statistical processing
- Hood forecast processing

(5 File processing and data Storage

File processing and data storage refers to storing various types of data and files into hard disk
drives or other storage units in the rcq'uiré’d formats after providing [_’ilterihg,‘éuch asfabn'or'rhal
data detection and necessary computing 10 the input data from a telemetering facility 'Storage _
data forms databases in the flood f orecasting and warning systema. To store data that becomes
the core of databases, filcs of a relatively large capacity are required since various types of data
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are to be filed in large amounts. The types of files that are likely to be required for the flood

forecasting and warning system, and the approximate periods of filing are listed below.

(a)

(b)

©

(@)

(©)

H'ourly data and daity files

The amounts of daia that consider file extendibility are estimated. In terms of
the: periods of filing, two months are usually good enough for monthly
reporting. Although it may be necessary to prepare tiles of a larger capacity that
allows annual reportihg, two months are usually the maximum periods of filing
in takihg account of reliability and restoration against troubles.

Data files for annual reporting

A capacity that allows one year of daily data to be stored is required.
Supervisory information files -

Alarm information on hydrometeorological data and information on any
hardware unit abnormalities are to be stored as supervisory information files.
These files will be created in the order that alarms or abnormalities have
occurred. The number of such events likely to occur are to be registered
beforehand, and the capacity is to be determined from this registered number of

events.

Data files for flood forecast simulation

" Evaluation files for flood forecast simulation are to have their respective
capacities and periods of storage reserved beforehand.

Working data iles for analysis

The amounts of data required for flood forecast and analysis are estimated and
reserved. Any other necessary file capacities are also to be estimated and

‘reserved.
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5.2.3 Basic study of the data transmission system
(H Current situations of flood control and information transmission

The rivers in the Seyhan River basin are now managed by the DSI 6th regional directorate. In
the event of floods, the flood control committee and the ASO, shown in F gufes 2.3.2 and
2.3.3, reépectively, are organize.d in the DSI 6th regional directorate and carry out flood control
activities. Flood control activities.against flooding of the relevant rivers are undertaken by
flood teanis, and if there are any signs of flooding, then evacuation information is given' to the

Adana provincial governor. Figure 2.3.6 shows the current information transmission routes.
{(2) Basic study conditions
The data transmission system is studied under the conditions described below.

- After collecting rainfall, water level, and air_temperature datd and then_ obtaining

flood forecast information by processing the data, the data {ransmission system,

| in pﬁnci;ﬁle, creates dam opc_rations_, flocd conirol, and eva_cuation information

from analyses of the déta, and tran_sm.its' the information from the flood control
committee of the DSI 6th regional directorate to related agencics.

(3) Selection of related agencies

Twenty-eight (28) agencies should be involved in the flood control sySt'eni'éf the Seyhan River
basin:’ eight (8) Governmental, one (1) Provincial, seventeen.(17) district-administrative, and
two (2) mumc:pahtles

The necessity for current and future tie—up between, and transmission of mformatlon to, those
agencies during flood control activities, is exammed ‘Table 5 2.4 lists obtamed results of
examination. Judging from the results, it is hkely to be good enough just to transmit
information to only 16 agenciés among the 28 agencies. Table 5.2.4 is a listing of evaluations
on the degree of importance of each such agency. The following describes the criteria for
selection of related agencies: | |

(a) Since the flood control committee of the DSI 6th ré_ig'ional'-directorate is an
important information source for the flood control of the Seyhan River basin, all.

eight governmental agencies is ranked A in terms of the degree of importance.

(b) The provincial governor receives information and theﬁ transmits the infon'na.ﬁoﬁ
to its subsidiary agencies. ‘The provineial governor, although originally Iikely
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to be ranked B in the degree of importance, also is ranked A since it is an
agency that gives and transmits particularly important information.

Since, during actual evzic_uation activities, they give direct directions based on
received information, the administrative districts and municipalities arc
originally _equiﬁalent to rank B in the degree of importance. These
administrative districts and municipalities, however, are either ranked C or
exciuded from selection, since, administratively, they are all placed under the

control of the provinciat governor.

(4) Types and definitions of information

The data transmission system handles the following data, and the current flood information is
shown in Table 2.3.2.

(a)

(b)

(©

()

Hydrometeorological information

Hydrometeorological information refers to the rainfall data, water level data,
and air temperature data that are sent from rainfall gauging stations, water level
gauging stations, and meteorological gauging stations, respectively, and to the
rainfall distribution data obtained from radar rain gauges. Hydrometeorological
information is continually transmitted, irrespective of whether a flood occurs.

Flood control information

Flood control information is needed to judge whether the water level at the
particular water level gauging station reaches a predetermined alert water level
or estimated design water level, then estimate that state, and inform the state to
related agencies. The information is transmitted only during flood periods.

Evacuation information

Evacuation information is nceded for related agencics to take evacuation

activities for the people living in any areas that arc likely to suffer from floods.

Dam information

Dam information relates to dam operating commands.

-67 -



(5 Information transmission routes and media

Selection of transmission routes and media to each related agencies is studied as follows:

(a)

(b)

©

General study of the transmission media

The data transmission media (methods) that are most commonly used in a flood

forecasting and warning system include the following:

- lmage i.nf_ormation;dispiay. (CRT, projector, ete.)
- Data display (CRT, pr’ojectbr, data 'display panel, etc.)
- Facsimile trar:smissioﬁ (FAX)
- Recording (Pnfntef, hard copy units, etc.)
- Telex
- Voice transmission (through the phone)
+ Private phones
» Independent contact
s Group conlact
* General contact phones
- Loudspeaker waming equipment (except sirens, which are only for air-raid
warning'use) ' ' '
- Electronic display boards -
- Warning lights

Prerequisites for study

Selection of the transmission media actua]ly used for related agencies is bascd

~ onthe foilowmg prerequisites:

- Seiection of related agencies is shown in Table 524
- Transmission of information between the flood control committee of the DSI
6th regional directorate and related agencies is studied.

Study of the information transmission media for each information type
Those preferable methods of trahsmission for each information’ type are
summarized together with priority levels in Table 5.2.5. During planning for

the routes and methods of 1nformat10n fransmission to related: agencies in the
flood forecasting and warning system, the general study results discussed
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(d)

above are analyzed in further detail, and then the system that gives best results

is structured,

Selection of transmission media for each related agency

'The information transmission media required. for each related agency can be
seiécted by al;ranging'the study results shown in Tables 5.2.4 and 5.2.5. The
media required for information transmission from the flood control commitice
of the DSI to related agencies are listed in Table 5.2.6. Also, the basic plan for
the data transmission system is shown in Figure 5.2.3

(6) Study_ of the methods of inférmation transmission

Those methods of information transmission that are cominon to each alternative plan are

studied here.

(a)

Study of the methods of information transmission in voice communication

Ideally, a multiplex radio communications network that covers all sections from
the flood control committee of the DSI to related agencies are structured to
perform infbrmation transmission in voice communications. The feasibility
study here, however, is performed from the viewpoint that UHF and other
radio communications links are provided to transmit information from a nearby
multiplex communications station to related agencics. Methods of information

fransmisston in voice communication in that case are studied below.

The following lists typical methods of voice radio communication:

- "Voice call radio communication

- Selective call radio communication
- Single-channel dial radio communication
- Frequency division multi-channel communicatiorn

- Time division multi-channel communication

© Of all the methods above, selective call radio communication and single-channel
radio communication are to be used for the three main reasons fisted below.

- A method is used that allows dial calling that matches to the exchange circuit
network of multiplex communications links.
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- Seclective call radio communication is possible for group contact fhat is
useful to inform message of discharge from the dam.

- Under the radio wave administration of the Republic of Turkey, it is
poSsible to get a license to use a frequency band of 400 MHz, and for this
frequency band, communication is possible with 'equipment. that most
commonly uses the frequency division multichannel communications
method, and such communicatio is very economical.

5.3 Evaluation of Alternative Plans
5.3.1 Basis for the setup of alternative plans

The flood forecasting and warning system consists of three subsystems: the data collection
system, the data processing system, and the data transmission system:. . _

During setup of alternative pians combinations that allow these sub- systems to exast as
alternative plans in terms of the relationship between the functions and processing Lapablht;cs
of each sub-system, the scale of facilities, and costs, are studied. The following describes the

results of study:
(1) Alternative plans for the data collection system .

The data collection system collects rainfall, water level and air temperature data_ffom
hydrometeorological gauging stations inte the flood control committee of _D.S_i 6th regional
directorate, which is thé control center that processes data both accurately"an_d rapidly. The

basic concepts for alternative plans are described below,
(@) Water l_ével telemetering stations . -

Water level telemcfering data 1s the most important data in flood forecast.  The |
water level gauging statiéns '_req‘uired‘for the forecast of {loods in the Seyhan
River basin are located .in a dow‘nst.ream section of the Zamanti River, a
downstream section of the Goksu River, and along théh river that leads to the
Catalan Dam and the Seyhan Dam. Aithough the gauging. stauons in upstream -
and middle sectlons of the Zamanti River do not directly affect ﬂood forecast,
these gauging stations are needed lo monitor the indirect runoff due to the
.dividing of the deant: River basin. ‘The number of water level telemetermg
gauging stations is thcrefore likely to become one object of alternative plan

setting.

-70-



(b) Rainfall depth telemetering stations

The purpose of rainfall telemetering data is 1o calculate basin rainfall within
range of allowable errors by typical rainfall gauging. The available alternative
plans, therefore, depend on the manner of dividing of the intended river basin.

(c) Radar rain gauges

The main purposes of radar rain gauges are to understand the current rainfalt
situation in areal form and to estimate both the situation of the rainy area and its
subscquent situation from those results. For the flood forecasting and warning
system, it becomes important to correctly understand the basin rainfall and
accurately estimate the subsequent situation of the rainfall. Alternative plans can

~ therefore be set up.in terms of functional improvement of the rainfall gauging.
Also, considering the accuracy of radar rain gauges, rainfall gauging stations of
the minimum leve! required are provided since calibration is required for
operation.

(2) Alternative plans for the data processing system

The .data processing system, after performing abnormal data checks, missing-data
compensations, and other pr_ocessing operations on the gauged data that is sent from the data
collection system, arranges collected data for tabulation and display of data and performs flood
forecast processing operations. Basically, data is to be processed on-line. The configuration
of the processing system, however, is likely to depend on the size of the flood forecast
program to be used, the particular scales and capabilities of the computers, and the
configuration of peripheral hardware units. Thus, the available alternative plan is to use either
centralized processing or distributed processing.

3) Alternative p¥ans_fér the data transmission system

The data transmission system transmits, from the flood control committee of the DSI 6th
regional directorate to related agencies, the dam opcrations information, flood control activities
information, and evacuation information that are judged from collected hydrometeorological
data and processed flood forecast information. First, constructing data transmission {acilities
- that accommodate multiplex radio communications links, UHF radio communications links
PTT privaté_ﬁne_si; or'anybihér appropriate lines, are considered as one alternative plan for the
data transmission system; Next, to what subsidiary administrative uniis of each related agency
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the system is to transmit data are compared and studied from the necessity for information
transmission.

5.3.2 Comparative study of the alternative plans for the daia colieciion
system '

Alternative plans for the data collection system are presented below, and then comparative

studies are performed on these alternative plans to formulate the final alternative plan.
(1) ‘Alternative plan setup

For the data collection sysiem, three (3) alternative plans that use water level telemetering
stations, rainfall 't_el'emetering stations, rainfall and temperature telemetering stations, and radar
rain gauges. Table 5.3.1 lists the alternative plans of telémetering gauging stations.

(2 Functional outline for each alternative plan

The components and functicns of the data collection system under each alternative plan arc
listed in Table 5.3.2. An outline of each alternative plan is given befow.

(@ Each altema'tive f)lﬁ_ﬂ has been ;setiiip from two Tactors: the number of rainfall
gauging stations to bc provided for collecting rainfall ‘data automatically, and
whether radai rain gauges are to-be provided. Functions, therefore, are to be
evaluated by 'évalﬂating the réliability' of flood forecast according to the

* particular number of gdugmg stations, and by e»aluatmg added functions in
case radar rain gauges are prowded '

"~ (b) Alternative plari 1 assumes diViding of the Zamant1 River basin into two sub-
- basins, 1t therefore assumes selection of the rainfall gauglng stations reqmred
for flood forecast analysis, and is excellent in the following respe(,ts

- -Any slight changes in reglonal runoff can be checked durmg the’ mltlal phasc
of flooding. R ' '

- Flooding can be forecastéd very accurately over the entire ﬂood contmuatlon
penod C ' ' B

- Forecast awuracy is not dependent on the scale of ﬂoodmg

" (¢) Alternative plan 2 assumes no diVidiﬂg of the Zamanti River basin. ':Sin'ce a
1822 water level gauging station is not 1o be set up that monitors the runoff in
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(d)

(c)

the upstream or middle areas, this alternative plan is likely to lack the
characteristics listed in Item b) above.

Alternative plan 3 assumes that the rainfall gauging stations in upstream and
middle areas of the Zamanti River basin are to be removed under alternative plan
1. This Alternative plan, therefore, is estimated not to give sufficient gauging
accuracy in terms of the rainfall distributions obtained if the areas of heavy rain
change according to the particular climate or topographical characteristics of the
intended river basin:

Al.ternative plan 4 is the same as alternative plan 3 in terms of the setup of
rainfall gauging stations and temperature gauging stations. In addition,
alternative plan 4 assumes that radar rain gaﬁges are to' be provided to
cbmplement the functions of the rainfall gatiging stations. - Two factors, _
therefore, become the criteria for selection: whether the sufficient accuraéy of
basin rainfall gauging under alternative plan 1 can be compensated for with the

radar rain gauges, and evaluation of the facilities costs for the radar rain gauges.

3) Evaluation and study of the alternative plans

The items reqUiréd'for evaltuation of each alternative plan are as studied above. Studying each

altérnative plan synthetically, alternative plans 2 and 3 do not need to be further studied for the

three main reasons listed below and only alternative plans 1 and 4 need further comparative

study towards the selection of the final alternative plan: -

(@

(b)

©

Alternative plans 2 and 3 are not sufficient in flood forecast reliability.

Radar rain gauges can act as a powerful means against the corresponding
function of the flood forecasting and warning system. -During further
comparative study of the alternative plans, therefore, use of these gauges is to
be studicd because of the relationship to future planning.

Considering the operational results of the current flood forecasting and warning
system, data collection is the most important factor of all those conceivable, and
the first priority is assigned to data collection. Iritroducing the radar rain gauges
under altemative plan 4 requires complementing the accuracy of forecast under
altcrmiative plan 3 and synthetically studying the facilities costs and other factors

of the gauges.
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It is judged from the above studies that alternative plans 2 and 3 are not appropriate. Only
alternative plans 1 and 4, thercfore, are to be further studied as the alternative plans for the data

collection system.

5.3.3 Comparative study of the alternative plans for the data processing

system

Alternative plans for the data processing system are presented below, and then comparative
studies are performed on these alternative plans to formulate the final alternative plan.

(1 Setup of altemative plans- ..

Two alternative plans are avaalabie for. the data pror.essmg system dlternatwe 1; centralized
processing, which assumes use of minicomputers, and alternative 2; distributed processing,

which assumes use of workstations.

(2). - Hardware configurations under and hardware functional comparison between the

alternative plans

Another probable alternative plan for the data processing system in the flood f, drecdsting and
warning system is to split the data processmg section into parts. Considering the purpose of
the flood forecasting and‘warning system, however, such an alternative plan is not likely to be
appropnate for-the current operational form of the flood control commitiee of the DSI 6th
regional directorate, During alte_rnatwe plan setup, there_fore,_ any differences in. the
configuration method of the data processing equipment of control centers between alternative
plans 1 and 2 are to be studied. ‘Basically, alternative plans 1 and 2 are alfmost the same in
function since both have the functions required for the flood forecasting and warning system.

(3) -~ Evaluation criteria for alternative plan selection

itis judged from the study'r'esults of Items (1) and (2) above that since there are no functional
differences between alternative plans 1 and 2, operational convenience, reliability,
extendibility, and mamtamabillty, etc. become the critena for evaluation of the two alternatwc
plans. '

(4) . . Selectionof thefina_l.alternativﬁ plan . .

Table 5.3.3 lists comparétive studies on the centralized processing method that uscs
minicomputers, and the distributed processing method that uses workstations with LAN. ‘It is .
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judged from the study results of Table 5.3.3 that distributed processing should be used for

ihree main reasons:

5.3.4

(a)

(b)

{c) |

Itis estimated that the data processing system undertakes overall status display,
which is one feature of the flood forecasting and warning system, and that
p.er.so'ns specializing in various tasks, such as flood forecast processing, ca'rry
out their respective analytical jobs. Also, it becomes absolutely necessary that
image display is used very frequently in necessary sections for various
purposes, such as status chécking by'the system administrator. The centralized
processing method, if used for those purposes, impcses a significant load on
the system, and in this respect, the distributed processing method is also
cxcellent.

System { eedbabk by anéiysi_s'of each flood is essential in the flood forecasting

- and warning system. While, in general, distributed processing allows separate

taskjhg with each workstation, centralized processing significantly affects the
operation of the entire system partly because this method stops the system
during operation.

The recent technologiéal progress of bath hardware and software is currently

- spreading the use of further sophisticated and higher-capacity workstations, and

" general-purpose software has also become usable in some cases. Also,

distributed processing that covers a LAN has come to be most commonly used.

Comparative study of alternative plans for the data transmission

system

Alternative plans for the data transmission system are presented below, and then comparative

studies arc performed on these alternative plans to formulate the final alternative plan.

(1)

- Setup of alternative plans

Based on the evaluations listed pre'vio_usly in Section. .5.2.3 (3) as 1o the degree of importance

of related agencies, three alternative plans are o be set up as the range of data transmission.

Evaluations on related agencies, and the three alternative plans are shown in Table 5.3.4.
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(2) Confi guratiohs under and functional compafison between the alternative plans

As listed above, alternative plans 1 to 3 are to be established from the basic philosophies of
flood forecasting and warning system planning for the Seyhan River basin, and from the data
transmission system dcmgn concepts based on thiose basic philosophlcs The configurations
and functlons of the data transmission system under the three alternative plans are summarized

in Table 5.3.5. An ontline of each alternative plan is given below.

(a) All three alternative"plans are presénted in te'r:ms of the information transmission
_ range. Under each of the alterniative plans, information is to be transmitted to
the DSI general directorate, the Seyhan Dam office, the Gatalan Dam office, the
Adana EIE regional directorate, thc Adana DMI regional directorate, and the
p1 ovincial governor of Adand because all these a.genues are the most important
administrative units among all related | agencies in the area that the flood
forecastmg and wa_.rmng systém is {o cover. Similar common information is
also to be iransmitied to the offices of towns and villages' head along the
“downstream area of the Seyhan Dam, because these offices of towns and
'villa'ge's‘ head are necessary ones in lettir_ig their respective residents know
beforehand the discharge from the dam. Alternative plan 1 assumes
transmission only to this administrative level, and it can be said that this

administrative level is the minimum level that requires information ransniission.

(b) Alternative plan 2 is plan under which information also is transmitted to heads

of official districts as well as to the agencies of alternative plan 1.

(c) Alternative plan 3 is plan under which information also is transmitted to
municipalities as well as to the agencies of alternative plan 2.

(3) Criteria for evaluation of the alternative plans

Since the three alternative plans for the data transmission system ‘are identified by_ihéir
_respective ranges of information transmission, cach alternative plan is to be evaluated by
analyzing to which levels the 1nd1v1dual ranges arc 1mpr0vcd afl ter the Gurrent transmission
method is Lhecked agamst the | purpose of the ﬂood forecastmg and wammg system

G Selection of the final altemative plan

Of course, it is preferable that the final alternative plan selected in ierms of the _ihformation
transmission range is that which allows accurate information to be transmitted over a wider
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range as possible. Such selection is performed considering the limitations on facilities costs
and the effectiveness of the costs. For the moment, however, only alternative plan 1 is to be
further studied for the reasons listed below.

(a) Alternative plan 1 assumes that information on flood control activities, dam

- operations, ctc:, 1s {0 be transmiited to the related agencies located in the

territory of the DSI 6th regional dircctorate and to the DSI general directorate,

and that evacuation information is to be transmitted 1o the provincial governor.

Also, the agencies that require rapid transmission of information are selected
under the alternative plan.

(b) Evacuation information to the heads of the towns and villages along the
downstream section of the Seyhan Dam are to be transthitted on the basis of
" 'dam operations information.

“(cy - Alternative pléms 2 and 3 assume that transmission of evacuation and other
information is to cover a range as far as heads of official districts and
muniéipaliﬁes, and consideririg the current administrative organizations of the

Republic of Turkey, such a transmission range is too wide. Also, compared
with alternative plan 1, alternative plans 2 and 3 are both high in facilities costs.

5.4 Formulation of Optimum Plan

Two alternative plans can be derived from the studies described in up to Section 5.3. These
two alternative plans are studied in comparison below.

¢)) Alternative plan A

Alternative plan A is combinatichs of alternative plan 1 for the data collection system,
alternative plan 2 for the data processing system and alternative plan ! for the data transmission
system. R '

(2) Alternative plan B

Aliernative plan B is combination of aitemative plan 4 for the data collcction system, alternative
plan 2 for the data processing 'systcm\aﬁdialtefnétive plan 1 for the data transmission system.
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5.4,1 Comparative study in terms of funciion

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 accuracy 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
facilities. The degree of dpphcatmn to various needs for system functions also is considered.

If the information obtained from the flood forecasting and waming system is to be divided into
direct information and indirect information, then although the former would: usually become
higher in the degree of needs, the latter would also be required. ‘Overall judgments therefore

are performed, including the comparison of facilities construction costs.
5.4.2 Comparison in terms of facilities configurations

Under Alternative plans A and B that are set up for the 'formulétion of the optimum plan
facilities confi gurations are to differ according to the. particutar dif ferences in the funciions of
- the data collection systems. For tlus reason, comparison in terms of facilities confi gurauons is
limited fo the data collection system, and thus only telemetenng facilities are selected, station-
by-station, and comparative studies are performed. The results gwe that both alternative p]_an A
and altemative plan B are exactly the same in the numbers of telemetérillg?supervisdry stations,
water level gauging stations, dam water level 'gauging s'tation's and dam rainfall gauging
station, and the only difference between both alternative plans is in the number of rainfall
gauging statfons rainf all!temperature gauging stations, repeater stations, and that of radar rain

gauges.
5.4.3 Comparison in terms of maintainability

Maintainability depends on the number and the scale of the corresponding entire facilities.
Compared to alternative plan.-‘A alternative plan B may.become less expensive sincé it assumes
a smaller number of rainfall gauging stations. Since, however, alternative pian B assumes
setup of one radar gauging station, economical burdens associated with maintenance are not
likely to differ too significantly between both alternative plans.

5.4.4 Comparison in terms of cost estimates
The studies described previously in Section 5.4.2 ir_nply that the difference in facilities c_o_sfs
between alternative plans A and B becomes the differences in the numbers of rainf; all gauging

stations, rainf all!temperature gauging stations, repeater stations- and a radar rain gauge. This
makes it neccssary that the approximate construction costs for the ramiall gaugmg stations,
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rainfall/temperature gauging stations, repeater stations and radar rain gauge facilitics are
calculated for comparison. Alternative plan B is more expensive cost of $6,661,320 than

alternative plan A.
§.4.5 Formulation of optimum plan

It 1s judged to be appropriate {rom the above studies that alternative 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 equipment that complements the functions of ground rain
gauges. Tt is desirable, therefore, that use of radar rain gauges will be included 1n future plans
and that the facilities costs for these rain gauges will be improved in steps. Alternative plan A
should be formulated as the optimum plan for the reasons listed below.

(1) The studies discussed previously in Scction 5.4.4 indicate that the difference in
facilities costs between the two Alternative plans becomes about $6,661,320 under
the cost estimation conditions, and compared with alternative plan A, alternative plan
B brings about significant total system cost burdens.

(2) In actual forms of system operation, a majority of existing flood forecasting and
warning sjrstems use ground rain gauge data, not radar rain gauge data, as the basis
for judgméht. Since, however, radar rain gauges have the feature that they can
analyze the areal and dynamic characteristics of rainy regions, many systems actually
use them as one powérful component that complements such function of the systems.

(3} Althou'gh impriovementl of the accuracy of radar rain gauges is likely to become
po_ssib!e by carrying out analytical studies based on after-installation data storage, it is
'judged to be appropriate that for the moment, ground rain gauges should be used (o
pei‘f orm fl_ood forecasts and warnings, because the ground type surpasses the radar
type very significantly in terms of the history of actual data storage.
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6. HYDROMETEOROLOGICAL _ANALYSES
6.1 Data Collection and Flood Characterisﬁés
6.1.1 Data collection

() Rainfall data

There are totally 46 rainfall gauging stations of DSI and DMI in and around the Seyhan River
basin as shown in Figure 6.1.1. The available daily rainfail records observed when several
major floods occurred in the Seyhan River are collected as listed in Table 6.1.1. The number
of rainfall gauging station of which daily data are available is thirty two (32) in total.

The available periods of daily rainfall records are mainly from 1969 to 1987 as shown in Table
6.1.1.

'["he' number of rainfall gauging stations with a pluviograph is reported to be fourteen (14) in
total inand around the Seyhan River basin. The available hourly rainfall records observed at
the occurrence of major floods are collected only from ten (10) stations as shown in Table
6.1.1.

(2)  Runoffdata

The stream gauging stations operated by DSI and EIE are listed in Tables 6.1.2 to 6.1.5 and
the location of the stream gauging stations are shown in Figure 6.1.2.

The daily water Jevel and runoff records observed at the occurrence of major floods in the
Seyhan River basin were collected during the Site Investigation (Stage I). Since the staff gauge
reading is carried out twice a day (at 8 a.m. and 4 p.m.), the flood water level records observed

by staff gauge reading are used mainly for the purpose of reference or supplemental to the
flood analysis.

‘The hourly water level records observed by the automatic recorder (float type) are required to

be collected for flood analysis and flood forecasting model. The collected hourly water level
records are listed below.
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3) -

No. of Ganging Station
1801 1818 - 1820 1822

Date of Flood

Mar. 1968
Apr. 1972
May 1973
Mar. 1914
Oct. 1974
Dec. 1974
Apr. 1975
May 1975
Apr. 1977
Jan, 1978 - -
Jan. 1979 ..
Dec. 1979
Mar. 1980
Dec.. 1987 -

R T
< A A s A

Data for snowmelt runoff analysis

(@)

(b)

(©)

' _Snow depth data

- The snow depth data measured at DSI, EIE and DMI sriow gauging stations in

the Seyhan River basin in the casc of major spring {loods occurred by snowmelt
runoff alone or combined with storm rainfall in the past decades such as spring
floods in 1975 and 1980. The location of the snow gauging station is shown in
Figure 6.1.3.

Temperature data

The daily mean air temperature values observed at DMI meteorological stations
are collected in spring months in' 1975 and 1980.

Daily discharge data

The mean daily discharge data observed at EiE stream gauging stations in
spring months in 1975 and 1980 are collected. '
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6.1.2 Flood characieristies

(1) - Precipitation

The precipitation characteristics arc grasped to formulate the altocation plan of rain gauge

observation network and to prepare the rainfall data as an input for rainfall-runoff model.

@

(b)

‘Rain storm area

The iso.hyetal map of rain storm experienced in the Seyhan River basin is
constructed to grasp the rain storm area in the case of major flood. The floods
are sclected as follows, based on the flood magnitude and data availability:

- HFood in Apnl 1975,
- Floed in March 1980, and
~ Hood in December 1987,

The isohyetal fnzip of rain stoxm for each flood is shown in Figures 6.1.4 to
6.1.6. Each isohyetal map is in agreement with the topographical features and
the general inflow direction of the moist air masses to the basin. The major rain
storm aeas are described below:

- The middle reach of Caklt, Rorkiin and Eglence Rivers,
- The downstream of Zamanti River,and
- The downstream of Goksu River.

Disiribution of rainfall
The critical duration of storm rainfall is preliminarily estimated on a daily basis

by the estimate of basin rainfall of each subbasin in the Seyhan River basin.
The results of the study are summarized below:

Critical Duration of Rainfal}
Sub-basin :

. 1975 Flood 1980 Flood 1987 Flood
Zamant River ' 1.5-day 1 - day 1 -day
Goksu River _ 2-day 1 -day 1 -day
Eglence River 1-day 1-day 1 -day
Korkiin River . 1-day - l-day 1 -day

" Cakat River ' © l-day’ - 1-day ' 1 - day
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(2) Flood runoff

The following studies aré carried out to grasp the flood runoff characteristics which shall be the
basic data for flood runoff model.

(a) Schematization of 'Séyhan Rivef'SyStem
Considering the river system’s characteristics and the location of ‘the flood
control structures and water level gau:ging stations, the Seyhan River system is

" schematized based on the following two conditons:

- Without Catalan Dam condition, and
- With Catalan Dam condition.

The results of the schematization are shown in Figures 6.1.7 and 6.1.8.
(b) Subdivision of Seyhan River basin

Based on the above schematization study, the catchment area of each sub-basin

is calculated and shown below:

Catchment Area (km?)

No. of Sub-basin - :

' e : Without Catalan-~ - With Catalan
1. Zamant (above 182%) R 6,990 6990
2. Zamanu (1822to 1806) - o 1,833 1,833
3. Goksu  (above1801) 2,298 2,298
4. Goksu (1801 to 1805) 2,094 2,004
5. Scyhan  (up to Catalan HWL) S 858 858
6. Eglence  (above 1825) _ 506 506
7. Bglence - (after1825) . N -1 ' 84
'8, Seyhan (afterCatalanHWL) 572 655
9. Korkiin (above 1820) | 1427 1427
10. Kérkim  (upto Seyhan HWL) - ' ' S 7. S ¥ ¢
11, Ugiirge , _ : 263 263
12, Catalan B. - SeybanB.. - ' . 45 435
13, Cakt _ (above1828) . - 1,769 1,769

(¢) Subdivisin of Seyhan River course -

Based on the selected water levél gauging station as a base point for caliblation
of flood runoff model and the {lood control structures such as Seyhan and
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Catalan Dams, the river length and channel slope are calculated and summarized

below:
River T.ength
: River Length (km
No. of River Course — g )
Without Catalan With Catalan

1 94.0 94.0
2 60.5 60.5

3 39.6 350

4 227 10.0

5 21.0 21.0

6 499 -

River Channel Slope'
River Channel Slope
No. of River Course ~ -

: Withont Catalan With Catalan
1 1109 11109

2 1/169 1169

3 1/220 17200

4 17223 : 1/130

5 11263 1/263
6 11998 - -

3) Flood concentration time
(a) General

Flood concentration time is the time required for flood runoff to travel
hydraulically from one point of the watershed outlet to the other point of

reference downstream.

To estimate the travel time the approaches commonly used are: (a) stream
routing, (b) Kirpich formula, and (c) study of historical record.

Kirpich gives a formula for time of concentration as below:

tc=0.00032 x L077 x §-0.385

where, 7¢ = timeof conéentr’ation (hr)
I
S

maximum length of travel of water (m)

il

slope, equal to H/LL where H is the difference in elevation
between the most remote point on the basin and the outlet (m)
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The formula is basically for computing the time of concentration but it has been
used for estimating the travel time between two stations by taking L. and S of
this reach. However, the results so obtained are generally very approximate.

(b) Travel time of past flood events

Travel time of past historical events is studied between different reaches. Travel
time changes from flood to flood. The travel times of several observed floods
are computed. However, this alonc does not give very convincing results due
to contributions from different tributaries at the station downstream.

The travel times observed at _hiétbrical events are given as below:

© Station Station ‘ Travel time

Upstream Downstream () Note
1801 1818 6.0 s Jan. ‘79 I‘lood
{Giksu) (Seyhan) » Automatic Recorder be msta]led at both
: statious.
1805 1818 1.0 » Mar. ‘80 Flood
{Goksu) ' : : s Peak water levels be observed by staff gauge
reading.
10+ Dec ‘87 Hood 5
+  Siaff gauge reading at 1805
1826 1818 1.0 + Dec.‘87Food .
(Zamantt) » Staff gauge reading at 1826
1818 . SeyhanBr. 4.0. « Apr.*75Flood .
. 10.0 .

Jan! “79 Flood

The observed hourly and daily flood runoffs and its relevdnt estimated daily
mean rainfall in the sub-basins ar¢ shown in Data Book A. .

6.2 Flood Runoff Analysis
6.2.1 General

The several hj/d-rologic'm'odels to be needed for flood runoff ahalysis are shown beiow.. )
Snowmelt runoff model is separately explain_ed in6.3. : '

H Mean basm ramfail model
(2) Sub-basin ramfaH runoff modei
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(3)  River routing model
(4) Rainfall-runoff event simulation model

6.2.2 TMean basin rainfall model
(1) Estimate of daily mean rainfall in subbasins

The Thiessen method was applied for calculating areal rainfall averages in sub-basins in the
Seyhan River basin even though this procedure is not suitable for mountainous areas because
of orographic influences. The main reason for its usc for the Project is that there are very few

available daily rainfal] data in and around the Seyhan River basin,

For the purpose of estimaling the basin mean rainfall, the representative rainfall gauging station
is selected among the existing rainfall gauging stati_ons by the statistical method, namely, the
multiple linear regression analysis on the observed storm rainfall records.

(2) Estimate of hourly mean rainfall in subbasins

The number of rainfall gauging stations with a pluviograph is reported to be fourteen (14) in
total in and around the Seyhan River basin. Thé_ available hourly rainfall records observed at
the occurrence of major floads are collected only from ten (10) stations. The available periods
of hourly rainfall records are very limited to be only from 1975 to 1987.

The hourly patterns of daily rainfall data for the representative stations that have no hourly
records were estimated by the following procedure.

(a) The number of rainfall gauging stations with hourly data for the past major
storms, such as 1975, 1980 and 1987 floods is nine (9) in total.

(b) Theaccumulated hourly rainfall curve of each storm for nine stations is drawn
to know the time distribution of storm rainfall,

(&) The accumulated daily rainfall curve of each storm for the representative rainfall

stations is also drawn, The number of the representative rainfall stations is
sixteen (16) in total.

(d) The hourly patterns of the representative rainfall stations are cstimated by -

- carelul comparisons between its daily pattern and several available houriy
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patterns of above-mentioned stations taken into consideration the following

points.
- Tosclect the most critical pattern
- To check results of daily simple regression analysis

- Toconsider the regional and areal rainfall distribution

Results of the estimate of hourly rainfall patterns of the representative rainfall stations are
shown in Table 6.2.1. '

3) Mean basin. rainfall model

“The model to calculdte the mean hourly basin rainfall as an mput for the rainfall-runof| f model is’
construcied. The multlple linear regression equatlon obtained for Lhe estimate of mean daily
basin rainfall is applied for the estl_mate of mean hourly basin rainfall. The multiple linear

regression equation is described below.
Y=ar X142 X2 + coeeeerenn. + an Xn
where, Y =Mean hourly basin rainfall
n = Number of selected representative rainfall station

ai = Multiple regression coefficients (i= 1 ton)

The constant b of the equauon is omitted since it'can be the()leucally negllglble for rainfall

estimates.

The results of the computations are shown in.’f‘ able 6.2.2.
6.2.3 Subbasin rainfali-runoff model

(D) General

Unit hydrographs have been commonly used for désign flood calculaition'as_ a 's_im'plé rainfall-
runoff model. 1t hypothesizes that rainfall-runoff process is linear transformation. However,

actual runoff phenomenon is non-linear process. Unit hydrographs method has difficulties to
be used for the practical model of flood forecasting and waming system.
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Non-tinear rainfail-runoff model, so called, Storage Function Model, was introduced by Dr.
Kimura in 1961, which has been used extensively as a practical model both in Japan and
overscas for more than three decades. '

The main characteristics of Storage Function Mode] are summarized as follows.

(a) The basin storage process is additionally introduced between réinfal!—runof f

process.

(b) The basin storage is expressed as a catalytic function, The relationship between
rainfall and runoff is expressed as an equation,

() By this equation, water budget of storage volume can be calculated. Finally,
runoff hydrographs can be obtained.

(2) Description of Storage Function Basin Model -

Asis briefly eXplained in (1), basin siorage S, is exponentially expressed by basin runoff Q; as

follows.

S=KQ/
where, = 8§, : Basin storage (m%)
Q Basin ronoff (m¥/sec)

Kp : Constants for basin

Besides the above equation of motion as storage {unction, the equation of continuity is
introduced as follows. '

(I'Sl/dt = (113.6) f I.aveA - Ql

where, R .' : Runoft ratio
Tgve Basin mean rainfall (mm/hr)
A Catchment arca (km?)
Q, : Direct runoff {from basin with time lag (m3/sec)
‘ QM=QLt+T)
T, - : - Lagtime (hr}
5 -Basin storage {(m3/secehr)
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Storage function between basin storage S and basin runoff Q, namely, constants K and p can
be determined by the past rainfall and runoff records. If the relationship between S and Q is
deten mined, Q can be calculated by inputting basin mean rainfall 1,y into the equation of

continuity and by using S as a catatytic function.
6.2.4 River routing model
(1) © General

Flood i orecasting:project's generally utilize some form of routing techniqué Routing is used to
predict the ternporal and spanal variations of a flood wave as il traverses a river reach or
reservoir. Routing tcchmques can be classified into two categones namely, hydrolog;c routing
and hydraulic routmg. Hydrologic routing employs the equation of contmul_t_y with cither an
analytic or an aésum_'ed relationship between storage and discharge within the system.
Hydraulic routing, on the other hand, uses both the equation of continuity and the equation of
motion, customarily the momentum equation. This particular form utilizes the partial
differential equations for unsteady flow in open channels. It more -adcquatelry describes the

dynamics of flow than does the hydrologic routing technique,

Applications of hydrologic routing techniques to problems of flocd prediction are numerous.
Most flood forecasting and warning systems instituted by Mmlstry of Constructlon in Japan or
other organizations overseas incorporate some form of this technique to predict’ flood stages in
advance of a severe storm. Additionally, the synthesis of runoff hydrographs_ {rom gau_ged and
ungauged watersheds is possible by the use of basic assumption inherent in this approach.

Non-lincar hydrologic river routing model was also introduced by Dr. Kimura with an
~ assumption of the river channel storage. The main characteristics of Storage. Functlon River
Model are basically the same with Storage Function Basin Model.

2 Description of storage function river model

River channel storage S, is also exponentially expressed by river channe! runoff Q; as follows.

S,=KQf

where, S, . Riverchannel storage (m®)
Q : _ River channel runoff (m3/sec) -
K,p ' Constants for river channel



Besides the above cquation of motion as storage function, the equation of continuity is
introduced as follows.

(l'SlldI =fI- Q,

where, f Inflow coefficient.
I Inflow into the river channel (m®/sec)
Q : Outflow from river channel with time lag (m3/sec)
Q(h=Q+T)
Ty ¢ Lagtime (hy)
S River channel storage (m3/secehr)

Storage function between river channel storage S and river channel runoff Q, namely,
constants K and p can be determined by the past rainfall and runoff records. If the relationship
between S and Q is détermined, Q can be calculated by inputting' inflow [ into the cquation of
continuity and by using: S as a catalylic function.

6.2.5 Rainfall-runoff event simulation model
(1) General

Sequential simulation consisis of step-by-step computation through the entire time period.
Simulation of monthly or yearly streamflow or rainfall events is satisfactorily accomplished
through this type of operation. However, for many hydrologic events that occur in shorter
time intéfvals, the sheer amount of computation prohibits the sequential generation of these data
for large-scale simulations. 'For exémplc, the calculation of simulated rainfall depths hour by
hour required 8760 hourly items for each Iyear of record. To achieve efficiency in computation,
including only short events si gnificantly reduce the length of simutation time. Such a technique
is called event simulation. |

Event simulation model structures closely imitate the rainfall processes. Lumped parameter
approaches, such as unit hydrog'raph method and storage function method, are generally
incorporated even though a greater opportunity to use distributed parameter approaches is
present. Preparation for implementing most event simulation models begins with a watershed
subdivision into homogencous subbas_ius; Computations, using processes, proceed from the
most remote upstream subbasin in a downstream direction.

Simulation of one or more storm events over the basin is accomplished by conventional hand
techniques that have been programmed for a digital computer, For example, the computer
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accepts parameters for upstreani subbasin A; and computes the hydrograph resulting:from the
storm event; repeats the hydrograph computation for other upstream subbasin B; combitics the
two computed hydrographs into a single lydrograph; routed the hydrograph by conventional
techniques through reach C to the upstream end of reservoir R; where it is combined with the
computed hydrograph for residual subbasin C; then at the reservoir R the combined

hydrograph is routed through reservoir R.

Hydrograph mﬁmputzttidﬂ‘s for subbasins are determined using storage function method. The
rainfall hyetograph is input uniformly over the subbasin area, and rainfall losses are absiracted,
leaving an excess ramfall hyetograph that is convoluted with the storage’ function to produce a
surface runoff hydrograph for the subbasin. - Subsurface flows and waters derived from
groundwater storage are transf ormed into a subsurface runoff hydrograph that, when combined
with the surface runoff hydrograph, form the total streamflow hydrograph at the subbasin
otitlet. This hydrograph can then be routed downstream combined with-another contributing
hydrograph, or simply output if this subbasin is the only, or the final, subbasm bemg
considered. River routing can be determined using storage function method.

(2) Storage function basin and river model for the entire Seyhan River basin' -

The rainfall-runoff event simulation model by storage function method is constructed for the
Seyhan River basin as a main flood forecasting computer program. The parameter setting of
the models is undertaken based on the comparison of observed and simulated values at the base

points for the calibration of the models.
(3) Use of interactive computer software for simulation - -

For the purpose of creating an casy-to-use model, the inte:ja'ctivé computer software for

simulation, namely, Extend, version 2.0 is used.
6.3 Snowmelt Runoff Analysis
6.3.1 Area elevation relationship of subbasins

How the area within d'draihagc .b'ziSin"'is distributed between coﬁtours is of interest-for
companng drainage basins and gaining 1ns1ght into the snowpack and snowmelt charactcnst:cs
of the basin. For such studlcs an area d:stnbuuon curve is ised. The curve can be obtamed by
planimetering the areas between adjacent contours.” The area elevation relatlonshrps of
subbasins are shown in Figures 6.3.1 t0 6.3.3. Fi gure 6.3.4 shows the topographlcal map of
the Seyhan River basin with the contour lines, such as, 1000, 1500 and;: 2000 ELm.
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6.3.2 Determination of snow line elevation

(H Estimate of snowmelt starting elevation

The several estimates of the snowmelt starting clevatlon at the beginning of snowmelt season
are made by the following previous-studies in and around the Seyhan River basin.

Recommended value by U.S. Ay Corps of Engineers is also shown as a reference one.

Estimiates of Snowmelt Starting Hevation

. Name of Study Snowmslt Sta:iihg Elcvation
Lowar Seyhan Basm MaatCl Plan { 1980 ) 1,500 El.m

Sir Dam and Hydroelectnc Project

Design Flood Studies { Revised, 1985 ) 1.250 or 1,500 El.ma

Ermenek Dam and Hydroelectric Project

Hydrological Study, EIE 1,250 Ei.m
Uus. Amiy Corps of Engineers
“Spow Hydrology, ( 1956) 1,500 El.m

As seen in the above table, either 1,250 or 1,500 El.m is adopted as a general snowmelt
starting elevation for design flood studies. '

6.3'._3 Average temperature of snow-covered area above snow line elevation
(L General

Basin cannot be assumed to be a homogencous system because of the fact that in that case
when only snowmelt flows, the contributing area is not the entire drainage area, but only the
portlon of area with a snow cover. Therefore, it is needed to establish the formula for the
estimate of average temperature of snow meltmg zone of the subbasins.

(2) Relationship between temperature and elevation

(a) Freezing level

Highest elevation of melting zone at which freezin.g temperature of 0 °C is given
can be estimated by the following formula.
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Bf = Ri+( Ti-0)tx 100

where,
Ef Freezing level with temperature of 0 °C (ELm)
Ei Elevation at temperature index station ( El.m )
T :  Temperature at temperature index station ( °C)
t - Temperature decrease per 100 m increase in elevation

(°C)

The several estimates of the temperature decrease per 100 m mcrease in
elevation, t are made by the following previous studies in and around the
Seyhan River basin. Recommended value by U.S. Army Corps of Engmeers is

also shown as a reference one.

Estimates of t

Nameof Sudy - '  Valuoft

Lower Seyhan Basin Master Plan ( 1980 ) 0.7 or 1.0 °C per 100 m

-~ 8ir Dam and Hydroelectric Project -
Design Flood Studies { Revised, 1985)

Frmenek Dam and qu:delecuic Project
Hydrological Study, EIE

U.s. Arfhy 'Corp_s of Engiﬁeers
Snow Hydrology, ( 1956)

0.7°C per 100 m
0.7 °C per 100 m

0.5°C per 100 m

(b)

Asseen in the above table, 0.7 °C per 100 mis commonly adopted asa gcneral :
value of tfor cleSlgn ﬂood stud1es '

The temperature mdex station in each subbasin is cons;dered to be the selected

representative temperatiire gauging station.
Temperature at snow line

The temperature at snow line is given by |
Ts="Ti+ /100 x (Es - Ei)

where, o ' o .
Ts :  Temperature atsnow line (Elm)
Es S Elevation at snow line ( El.m )
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(¢) Average temperature over melting zone

The average temperaturc over melting zone is given by
Tave=(Ts+0)2

where, o : . . _

Tave. :  Average temperature over melting zone
(°C)

6.3.4 Critical area of snowmelting

(D General

The area between the snow line and the freezing level is regarded as a critical area of

snowmelting. Furthermore, it is essential (0 obtain the updated and reliable estimate of
snowmelting zone in each subbasin.

(2) Cbmputation method of critical area of snowmelting in the subbasins

The critical area of snéwmelting in the subbasins can be computed by the use of the area-

elevation distribution curve of a subbasin which is shown in Figures 6.3.1 to 6.3.3. The

critical snowmelling area is given by

Am=As-Af
where, S . o
Am Area between snow line and freezing level
in a subbasin ( kin?)
As 3 Area above snow line in a subbasin ( km? )
Af _ : Area above freezing level in a subbasin ( km?2 )

6.3.5 Determination of basin snowmelt rate and snowmelt runoff in the

Seyhan River basin
(1) General
- The rate of snowmelt is defined as the rate of conversion of ice into water within the snowpack

rather than the rate of dramage The rate of snowmelt tends to vary greatly, causing rapid
' changcs in the introduction of the liuid water into a snowpack. This fluctuation is dampened,
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however, in passing through the snow so that the rate of drainage from the snowpack is often

relatively steady.
(2) Previous studies on snowmelt rate

Atmospheric temperature is one of the most ueeful parameters. This one pammeter not only
reflects the extent of radiation and vapour pressure of the air, butalso gives an idea of air
motion indirectly. Its use is made in computations of snowmelt runoff through an index known
as degree-day. A degree-day, in its broadest sense, is a unit expressing the amount of heat in
terms of the persistence of a temperature for a 24-hour period 1 of °C from a reference
temperature. In snowmelt computations t_he reference temperature is usually taken as 0 °C.
Thus, the dcgrcc-day for snowmelt studies is often computed by subtracting the average of the

daily maximum and daj!y minimum temperatures from 0 °C.

The siandard practxce isto correlate degree -days with the basin runoff. However, m some
cases, other factors are also introduced into the above rclatlonshlp fo take care of the forest

cover effects and other influences.

The point melt rate in centimeters per degree-day above 0 °C varies between. 0. 038 and 0.5
cm/degree-day. For a spring snowmelt period, an average of 0.13 cm/degrec-day may be used,
but with discretlon Such point melt valies for centimeter of melt per day must, however be

distinguished from the basin-index melt values.

Linsley and chefs state thal the basin melt rate in centimeters per degree-day above 0 °C varies
between 0.15 and 0.38 cm/degree-day under conditions of _continuoils snow cover and at

melting temperatures,

The several estimates of the basin snowmelf rate at the hegir_i_n'i'ng of Snowrﬁe]t season were
made by the following previous studies in and around the Seyhan River basin.

‘Bstimates of Basin Snowmelt Rate, Rs

Name of Study : . ' Basin.Suowmelt'Réte, Rs
0.1 or 0.15 em/°C-day . ,
- (as the mammum basin snowmelt rate ).

Lower Seyhan Basin Master Plan { 1980 ) .

Sir Dam and Hydrcelecmc Project - 0 128 em/*C-day . ,

Design flood Studies { Revised, 1985) ' " ( as the maximum basm snowmelt rate ) -
'. hnnenck Dam and Hydmelectnc Project 0. 388 cm/ °C-day : |

Hydrological Study, Bl ‘ ( as the maximum basin’ snowmeit rate )
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As seen in the above table, the values between 0.1 and 0.388 arc adopted as a general basin

snowmelt rate for design flood studies.
3) Basin snowmelt ronoff in the Seyhan River subbasins

The snowmelt runoft in each subbasin can be computed by the above-explained temperature
index utilized as a prediction equation. The computation procedure is described as follows.

First, the average degree-days above 0 °C over the critical melting zone is given by

Td=Tave-0
where, _
Td : Average degree-days above 0°C

Then, the total snowmelt therefore is given by

"Qs=TdxRsx Am
where,
Qs : Total meltin subbasin ( cmekm? )
Rs Degree-day factor ( cm/degree-day )

6.3.6 Simple snowmelt runoff model
(D General

So far in the previous chapters, the several factors, such as, snow line, relationship between
temperature and elevation, snowmelting zone and snowmelt rate in a basin are discussed
regarding the snowinelt runoff process and the prediction equations 1o estimate the snowmelt

due to the temperature increase in‘a basin are presented.

Various approaches have been applied to determine the runoff from snowmelt ranging from the
simple technique of regression analysis ( ignoring the physics of the snowmelt process ) to
more sophisticated techniques based on degree-day or various indexes. The techniques used
are: L

(@ Regreééion analysis
‘(b  Physical equations for basin snowmelt -
- {¢)  Analysis of hydrograph recessions
@ Hydrograph syhth_es‘es
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However, reflected upon the availability of data required for the snowmelt runoff estimate, the.
simple snowmelt runoff model by regression analysis is adopted for the Seyhan River flood

forecasting system.

2 Adépted snowmelt runoft model

@

(b) .

General

To perform regression analysis for the computation of snowmelt runoff, certain
independent variables called indexes need to be selected. The advantage of -

~ indexes is that they are more easily measured than the dependent snowmelt

runoff. The adequacy of an index is based on:

- Abiliiy of the index to adequately describe the physical processit .

represents : L
- Degree to which point observation is typical of actual conditions
- ‘Random variability of the observation

- Nature of variability between point measurement and basin means

Indexes could be equations or simple coefficients, and variables or constants.

The common indexes are:

- Thermal blidget indexes
- Temperature indexes

However, in most cases, the data required for the thermal budget indexes are
generally not available and considered not to be suitable for the Study.
Therefore, the temperature indexes are selecied to estimate the snowmelt runoff
because of the easiness of data availability.

‘Snowmelt runoff model by témpéra_tilre indexes .

The flow chart of snowmelt runoff determination by the temperature indexes is
described in Figure 6.3.5.. -

The several data required for the Snoxvme!t:.r'unof f model are categorized below:
- Data eventually given by the lb_cati_ol.’l :
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(©)

b : Elevation at the index temperature station
( Eim)

- Data estimated hypothetically

¢ Temperature decrease per 100 m increase in
elevation (°C)

Es : - Elevation at snow line ( EL.m )

Rs : Degree-day factor { em/degree-day )

The hypothetical- values for t, Es and Rs are determined for the Study below,
taking consideration the previous studies:

. = 07(°C)
Es = 1,250 (ELm)
Rs = 0.1 (cm/degree-day)

- Data measured at the index temperature station

Ti : Temperature at temperature index station ( °C)

- Data computed by the snowmelt runoff model

Ef : Freezing level with temperature of 0 °C (El.m )
As. Area above snow line inasubbasin (km? )
Af : Area above freezing level in a subbasin ( km? )
Ts : Temperature at snow line ( El.m )

“Tave : Average temperature over melting zone (°C)
Am Area between snow line and freezing level (km?2)
Td. Average degree-days above 0 °C
Qs Total melt in subbasin ( cmekm? )

Estimate of snowmelt runoff in 1980 flood

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 ty;iical cxample of the snowmelt runoff in the

Seyhan River basin. The results of the estimate are summarized below.
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Estimated Snowmelt Runoff in 1980

Unit ; (m3/s)
Date  Bosin  Basin_ Basin _ Basin  Basin  Basin  Basin  Basin  Basin = Total
No.l No2 No3 ‘Nod4 No5 No6 No9 No.ll Nol3 Basin

324 236 37 88 52 8 7 33 2 35 498
325 347 56 15 67 - 12 12 52 3 54 718
326 369 60 121 70 13 12 55 3 57 760
327 34 60 6 37 1z 11 49 3 51 649
328 224 35 20 14 7 6 27 2 29 364
320 129 21 36 23 5 4 18 2 20 258
330 236 37 53 32 7 7 30 2 32 436
3131 249 39 69 41 9 9 - 38 3 40 __ 497

(d) Calibration of snowmelt runoff and setting of par’ametefs of the model

The calibration of snowmelt runoff and setting of parameters of the model are
carried out by the combination of rainfall flood runoff and explained in 6.4.2.

6.4  Simulation of Flood Flow and Forecasting
6.4.1 Calibration of runoff calculation models
(H General

The calibration of flood runoff models in the Seyhan River basin is carried out by the following

procedures.
(a) Selection of typical floods

The typical floods are selected for the evaluation of the models for non-

snowmelt season and snowmelt season as follows.

- Flood in December 1987 for non-snowmelt scason -
- Flood in March 1980 for snowmelt season
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(b)

{©)

Parameler seltings for storage function basin and river models

The parameter settings for storage function basin and river models arec made

based on the following procedures.

- Parameter seitings for basin model

The hydrological and hydraulic parameters of the basin model for the
gauged subbasins can firstly be determined by the method explained in
Chaf)tcr 5. The pafamctcrs of the basin model for the ungauged
subbasins are roughly estimated by the basin characteristics.

- Parameter settings for river model

The hydraulic parameters of the river model for the river channels can be

' determined by the river channel characteristics.
Calibration methods

The calibration of the event simulation model presented in 6.2 is carried out by

the following basic consideration.

- The calibration of the event simulation combined with basin and river
models in the entire Seyhan River basin is mainly carried out at the

gauged base points,

- The calibration of the event simulation is mainly carried out at the Seyhém
Dam taken into consideration the consistency of the parameters in terms

of the basin and river characleristics. -

Parameter settings for storage function basin model

@

Collection of river cross section

The reliable river cross section data are collected at the following stream

gauging stations. -

- ==+ 1801 in upper Goksu River basin

- 1805 in lower Goksu River basin
- 1818 in middle Seyhan River basin
- - 1825in Eglence River basin
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(b) Estimate of average river cross section at river channels

The estimate of average river cross section at the proposed river channels are
preliminarily made utilizing the above available cross section data.

Estimate of Average River Cross Section at River Channels

. No. of River Channel - Applied River Cross Section

Same cross section as No. 2

Ave. cross section of 1801 and 1805
Ave. cross seé!ion of 1805 and 1818
Cross section of 1825

Same cross section as No. 4-

Cross section of 1818

(¢ Determination of Kand p
Based on the estimate of average river cross section at river channels, river
channel Storage s and wniform flow, Q can be calculated as equations by water

depth, H. Then, hydrauhc parameters K and p can be computed by the least
square method.

Several conditions for the célculation of uniform flow are as follows.
- Manning's roughness coefficient n = 0.040 for meandering river
- - i=averagetiver gradient '
- L =river length ( km )
- LagtimeTi =736/ 10000 1. i-05
The values of K, p and T1 are summarized in Table 6.4.1.
(3) Parameter settings f or storage function basin model |
(@) Calibration by gauged base points ( Case 1 )

The calibration method by the gauged base points in the Seyhan River is apphed
for the parameter seltmgs
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The gauged base points utilized for the calibration are summarized below.

Station No. 1980 Flood 1987 Food
1801 v A
1805 v v
i822 v Y
1806 . v
1818 v V
1820 v v

1825 +

Seyh:m Dain w/ v

(b)

Calibration by integrated storage {unction method ( Case 2 )

The calibration by the integrated storage function method in the entire Seyhan

~- River basin is applied for the parameter settings.

The pﬁranieter s;etting's_'a'ré made mainly by the comparison of DSI's previous

estimate of inflow into the Seyhan Dam and calculated inflow by the storage

function model. Parameters are integrated by the subbasin's characters and

* locations.

©

Comparison of calibration methods

Results of the calibration by two methods are shown in Table 6.4.1. and
Figures 6.4.1 to 6.4.2. :

The comparison of calibration results by two methods are made by several

indexes and summarized below.

'80 Flood

'87 Flood  '87 Flood '87 Flood  '80 Flood '80 Flood
Index Case 1 Case 2 Case } Case 2
B Observed  Simulated  Simulated Observed  Simulated  Simulated
. Deviation" - P +1hr  +470r + 3 hr + 2hr
of Peak -
Time ( hr)
Peak 2,442 2,538 2,587 6,040 5,682 5,679
 Inflow O +39% (+59% (-66%) (-64%)
(m3ls ) ' ) ‘
Inflow 1.23. 1.27 1.18 1.20
Yolume
Ratio
R 0.92 0.92 0.95 0.94
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6.4.2 Determination of runoff models

(1) General

The proposed flood runoff model in 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.

(2) Runoff model for non-snowmelt season

(a) Evaluation of models by different calibration methods

The several points are observed by comparative study on the calibration

methods.
: _ . Calibration by . Calibration by
Point of Evaluation . Gauged Base Points " Integrated Storage
' S - ' Function Method
Estimate of first degree Having a tendency to Having a capability to
runoff ratio, f1 in subbasins ~ underevaluate f1in set safer parameter

subbasins with Iess rain-

" of-f1 in subbasins

fall with less rainfall
Degree of influence by Having a tendency to Having a capability to
unrcliable fiood water set inconsistent parameters set consistent parameters
levelrecords '
Flood water balance Having a tenﬂen’cy to Ha\'ihg' a capabilit):/ to
at gauged base points * set inconsistent parameters sct consistent parameters

Based on the above cvaluation, the calibration method by the'integrat_ed storage

{function is cqnsidered to be much more reliable and safer than the calib_r'ation

method by the gauged base points. o

3 Runoff modet f or spowmelt season

The pfoposed flood runoff model for .snowmelt season is coﬁipbsed of the fo}lowiﬁg mo'dels..

(a)  Storage fu'nctioxﬁ basin and river model for snowmélt season

(b) Snowmelt runoff model -

Two models (a) and (b) can be combined by' the event simﬁlation' of Extend. Results of

computation for flood in 1980 are shown in Figure 6.4.2,
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7. OPTIMUM COMPREHENSIVE RIVER CONTROL
7.1 Flood Inundatien and Damage
7.1.1. General

The Seyhan River levee had been constructed from 1949 to 1953, The downstream river
stretch of Adana City is remained mostly as same after the levee consiruction. The river section
consists of low water channel (natural river section) and high water channel formed by the
levee. The general plan of the river is shown in Figure 7.1.1. The river channel width varies

as follows.

(Unit : m) ' _ Min. Max. Avg.

Low water chanael 68 238 il9
High water channel _ _ 1,097 2,426 1,841 -

The river stretch in'A’dz'ma city was improved at some length. Namely, concré_te ﬂvall was
constructed between the Stoné.B_ridge and the downstream regulatory structure. The general
plan in Adana City is shown in Figurc. 7.1.2. The river siretch in Adana City is scheduled to
improve moreover to utilize the present high water channel as a shopping or recreation zone.
The typical river cross section is shown in Figure 7.1.3. The typical section-1 was applied for
the stretch between Girne Bridge and the downstream regulatéry structure, and for the left bank
between the Girne Bridge and_the Section 7. The typical section-2 will be appiied for the
remaining stretch up to the upstream fegulatﬂry structure as shown in Figure 7.1.2.

7.1.2. Watef surface routing

River cross sections at the downstream stretch are shown in Supporting Report C. The
coordinates of the sectibné are listed in Supporﬁng Report C. As seen in the cross section
fi gbres, the width of low water channel and high water channel, as well as river slope gradient,
Vary at every section, " Non-uniform flow analySis method is applied to routine the river water
surface to the abovelrregular river cross section. Assuming the section-I and section-II at the
downstream and the upa.tream the followmg equation can be applied.

| 73 + Hy+ BQU2GAT?) = 21 + HII + BQI2GAIT?) - hf
 Whereis, o _
Z : River bed cicvation at Section-] and 8|
H: Waterdepth at Section I and -1
Qi Discharge
g Gravity acceleration
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A :Sectional area under water
B : Energyadjusiment coefficient
hf :  Friction head loss between Section-} and -1

Fricﬁon head loss, by , can be calculated by the following formula which is introduced by

Manning's formula.

_ hf = (M2RPMIAL + n2Ry*PIAR) x Q2 x L2
Where is,

R :  Wetted perimeter
n :  Manning's ronghness coefficient

L :  Lengthbetween Seotion-_l and -11

In accordance w1th DSI s expenence low. water channel capac;ty is estlmated at about 500
m3/s. That of high water channel is experienced at 1,200 m%/s with 1.0 m free-board and at
1,800 m3ls without free—board The dxscharges of 200 300, 400 and 500 m3/s are examined
for the low water channel. Those of 1,200, 1,600 and 2,000 m3/s are exammed for the high
water channel. Manning's roughness coefficient is assumed at 0.03 for the Jow water channel
in compliance with _Ja'panesé practice. Because some farming yegetables_or trees are planted at
' the high water channel, that coefficient is assumed at 0.04 for the high water channel.

The section No., Séc-26A is the most downstream section among the available cross sections.
The section is located at about 11 km far from the river mouse. Uniform flow depth at the
section is shown in Figure 7.1.4. The initial water surface elevation is assumed upon the

figure as follows.

Discharge (m3/s) .~ . - 2000 300 400 . 500 1,200 ‘1600 2,000 -
Initial water suiface El. _(m) _ 075 - 192 0 211 225 265 0 296 . 327

The hydraulic energy at thls sectson iS calculated and shown in Fxgure '7 1. 5 “The. water
surface elevation w;th minimum energy corresponds to critical depth which classnf les super-
critical flow or sub-critical flow. The CIlthdl depth upto 500 m3/s dzqcharge does not appear
for the low water channel, which indicates that Water flow is at sub- cntlcal flow status always
While, critical depth‘_at‘ the_ high water c_hannel appears at the Wate_r;surface elevation of 2.1 m,
2.2 m and 2.25 m to the discharges of 1,200 m3/s, 1,600 m3/s and 2,000 ni3/s ' Depending on
sea water level, river flow status c,hanges to super-critical flow. However the secuon is so far
~as about 11 km away from the sea, hydrauhc jump may ‘take p!ace at Just near the sea. Trial
calculation proves that variation of 1n1t1al water surf ace clevation el fects upstream | water surface
within a few km only. '
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7.1.3. River capacily

The calculation results of the above analysis are listed in Supporting Report C, and water
suiface is shown in Suppo1'ting=Rep0rt C. The calculation results are summarized in
Supporting Report C. ‘The calculated water surface profile is shown in Figures 7.1.6 and
7.1.7.

As scen i'n'Figure 7.1.6, the clearance between the river water surface and low water channel
.~ shoulder is bigger where the low water channel width is wider and the channcl depth is deeper.
The river flow discharge less than 300 m3/s does not inundate the high water channel. The
discharge of 500 m3/s inundateé the high water channel until 20 km from Sec-26A. The
inundated area is shown in Fi gure 7.1.1. The river flow discharge above 700 m3/s inundates
the high water channel at the full stretch. -

The Japanese criteria stipulates the levee free board as follows.

River flow discharge Frec board (m)
Lessthan 260 - mls 0.6
. 200 to 500 m?/s 0.8
500 to 2,000 mi/s 1.0
- 2,000 to 5,000 wifs i2
5,000 t0 10,000 md/s 1.5
More than 10,000 m3/s 2.0

The free board to the ca!culated river water surface 1s hsted in Supporlmg Report C and
summarized as follows. '

' . (Unit : m)
Discharge - : - Min. Max.. - Avg.
T200 mils ' 032 13T 098

2,000 mdls 007 0.88 0.48

The bankfull discharge is eétimated at 2,000 m3/s or river flow may over-flow at some streich.
If the above Japanese criteria is applied, the designed discharge is attained at 1,200 m3/s,
though free board is less than 1.0 m at some stretch. '

The-‘Seyhan River in Adana city is designed with constant width and slope grédient. The river
bed slbpe gradient is designed at-0.07 % (1/ 1,429), Uniform flow a_nallysis is applied to
estimate the water depth for the riverin Adana city. “Flood flow capacity at the stretch in Adana
city is bigger than that at the downstrcam stretch. The uniform flow depth and free board are
summarized as follows.
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Discharge. (m3/ 5) "Water depth (m) Free board (m)

Typical Section-] 1.200° : 386 317
: 2,000 ' 527 _ 1.76
T'ypical Scetion-2 1,700 4.08 - 2.14 (Min)
2,000 553 ~ 0.69 (Min.)

The present capacity of high water channel of the downstream river is carefully checked by the
past flood records and the operation records of flood routing activity at the Seyhan Dam,

7.2 Flood Flow Operation
7.2.1 " General

An effective dam-flood-control rule will mitigate flood damage. ‘As well, an effective reservoir
operation rule can generate optimum hydro power energy. Dam flood control rule and

Teservoir ()peratlon rule are studicd hereundel

Dsl estabhshed flood hydrograph at the place of the C‘italan Dam and Seyhan Dam. The flood
hydrograph are listed in Tables 7.2.1 and 7.2.2. Flood flow dam operation is studied on a
basis of the hydrograph. The peak discharge is summarized below,

Probable _ CatalaﬂDam Seyhian Dam* 1.

Flood Peak (m3/s) .~ Volume (x 105 __ Peak (m3/s) Volume (x 106)
2-year C K175 - 5381 280 oo 14
S-year 1,740 656.4 435 53.4
10-year 2,130 762.5 550 COORT
25-year 2,650 - B703 705 - 86.0.
50-year 3,045 9637 825 - 1008
100-year 3455 1,063.3 955 114.0
200-year 3,850 1,915 - . 1075 138.0
500-year 4375 12864 1235 - 154.9
Catastrophy 9,376 23104 6731 - 6179

Note *1: Cakat River and the Kbrkﬁn River
DSI _made dam flood control plan aga%nst 500-year probable fload.

This report makes flood routing smdy {o'the respecnve probable floods Dam saf ety i8 checked
by apply:ng the catastrophy ﬂood esumatcd by DSI o B '

Spill-out discharge through the tentci gate is caléUlatcd by applying thé following equation.

Q= (28)%5 « 2/3 x yx B x (H,;32 - Hy37)
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E Gravity acceleration

¢ Discharge coefficient introduced by U.S.B.R

B Spill-out width

H,  Water head from water surface to spillway crest

H,  Water head from water surface to the bottom of the gate

The reservoir flood routine is carried out to examine reservoir water level while changing
spilling-out discharge. The following formula is applied for the analysis.

(L +L)x AU2 = (8, - 5,) + (0,+ O,) x AV2

Where 1s, e
Suffix 1 Ehch value at the time of t;
Suffix 2 Each value at the time of ty=t; +At

At Duration time

1 Inflow discharge into reservoir

S  Storage _i{olu:ﬁe in reservoir

O Qutflow discharge from reservoir

Spilt-out discharge is to be minimized so as to decrease flood damages at the downstream, or
flood water is to be stored in the reservoirs 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 operation". Operation rule is explained below.

"Constant ouiﬂdxﬁ.f operat.ion"

Flood water shall be spilled out, until flood inflow reaches to a target spill-out
discharge (Qy), so that a reservoir water level shall be maintained at the flood
season low water level. In other words, no flood water is stored in a Teservoir
during this opcration because flood inflow into a reservoir shall be spilled out at
the same time. Flood water shall be spilled out at the rate of Qy after flood
inflow exceeds the discharge of Q. Flood water is stored in a reservoir during
this operation. This operation is applied for Catalan Dam flood routing by
DSIL.

"Constant ratio operation"
Variables are defined _aé follows.
Qi : Inflow discharge. -
Q. : Target spill-out diScharge
" Qp: Inflow peak discharge -
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Qo : Initial spill-out

Tp : Time at inflow peak

Spill-out discharge shall be. increased up to T w1th the fo}lowmg equation.
Q=(Qi - Qo) x (Qt - QQyp - Qo) +Qo :

Spill-out discharge shall be maintained constantly at Q; after Tp. This operation
can regulate even small flood flow. -

Japanese criteria to design dam height is listed below.

H=Hy+hy+he+1.5  or Hy+2incaseof (hy+he )< 1.5
H=H, +hy+h/2+ 1.5 or Hy+2incascof (hy+h)/2< 1.5
H=Hg+hy+ 15 or Hy+ 2 in case of (hy + he)/2 < 1.5
Where, H, : Normal high w_ﬂer level = H: Surcharge water lcvel
'Hg: Design flood water level . - |
hy : Wave helght due to wmd ,
Assummg wind velocity at 30 m/s and reservoir length at 8, 000 m ((;‘ataian
Dam and Seyhan Dam), hy, is calculated at 1.6 m by applymg S.M.B and
Saville method. _ :
he : Wave helght due to earth quake
Assuming earth quake coefficient at 0.15 and water depth at 32 m (Seyhan
Dam) and 63 m (Catalan Dam), h, is calculated at-0.42 m (Seyhan Dam) and
-0.59 m (Catalan Dam) by applying Japanese standard. '

7.2.2 Catalan Dam

The gated spillway is located at the left bank with 6 nos. radial gates, of which dimension is of
11-m width and 15.1-m height. Weir crest is elevated at 109.9 m. . '

The reservoir area and volume of the Catalan Dam is shown in Figure 7.2.1. Reservoir

volume curve is assumed with the f Oliowing equation,

Vol, = 0.886 x (El.)? - 138 648 x (El ) + 5625 835
Where, . Vol : Reservoir volume( x 106 m3)
El. : Elevation (i)

Catalan Dam has the {i ollowmg capacutv of reservou

. Elev. gm) S ._.\'ﬂiiméfxloﬁ_lr_f‘) '

Dead Storage Less thjm 115.0 : - L399
Active Storage 115.0 to 125.0 - Z)
Flood Control Storage - - li86to 1250 - : L4094

Total Storage Lessthan 1250 . - . - 2,139
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Flood routing is carried out by "constant ratio operation" to examine the optimum spill-out
discharge. Flood hydrograph at 500-year pm.bability is adopted in the analysis. Target spill-
out discharge (Qy) is changed at 600 m¥/s, 800 m3/s, 1,000 m%/s and 1,200 m3/s. . The flood
season high water level is set up at EL. 118.60 m. The initial teservoir water level is assumed
at 118.60 m for this simulation study. The calculation results are tabulated in Tables 723 10
7.2.6, and shown in Figure 7.2.2. The results arc summarized as follows. '

Inflow peak Spill-out dis. Stored vol. . Max. RWL
4375 mdls 600 m/s 555.9 x 106 m? 12574 m
4,375 n13is 800 m3/s 447.4 x 108 m? 12443 m
4375 mm3/s 1,000 m3/s 391.2 x 108 m? 12374 m

4375 m?ls 1,200 m3/s 3454 % 10% m? 123.17 m
Therefore, assuming that ;

(a) Flood control volumc 628 x 106 (m3)
(b) Safety factor = 1.2 :
() Hood control volume with safety factor = 628 X' 106/1.2 = 523.3 x 106 (m3)

Spitlout discharge of 800m3/sec.is selected for Catalan Dam.
7.2.3 Seyhan. Dam
The reservoir volume curve is assumed with the following cquation.

Vol. = 1,499 x (EL)? -136.998 x (El) + 3285.871
Where, Vol. : Reservoir volume ( x 106 m3)
EL : Elevation (m)

The emergency spillway is located at the right bank with 260-m width. The spillway crest
elevation is at 67.5 m, while the dan crest is elevated at 72.7 m. The emergency spillway
 functions to spill- -out flood water above El. 67.5 m automatically when the gated spillway can
not spill-out a big flood. ‘The gated spillway is located betwecn the emergency spillway and the
dam body. Weir crest is eie\«atcd at 61.0 m. Flood scason low water level is set up at 61.0 m.
- Preferably, flood flow shall be controlled not to over-top the emergency spillway because the
spillway is nof lined and the mountain will be eroded by flood flow.

Seyhan Dam has the follb_wing capacily of reservoir. The reservoir volume curves in 1956,
1986, 1991 are shown in Figure 7.2.3.
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- Eiey, (m): | Volume (x 106 m>)

Dead Storage _ Less than 45.0 171
Active Storage 49.0to 67.5 710
Hood Conirol Storage 61.0 10 67.5 o 370
Total Storage Less than 67.5 881

The spilled-out flood water f rom Catalan Dam and flood water from the Temaining Catchmenl
area inflow into Seyhan Dam reservoir at flood time. The spilled-out flood from Catalan Dam
is changed as calcolated in the above. The flood water from the remaining area flows along the

Cakit River and the Korkiin River.

A trial study reveals that a gated opexatxon does not make benefit for reser yOIir opcrat;on iLis
because reservoir water level reaches to emergency spillway crest Qhortly after flooding and it
is enforced to open the gates. Therefore, non gated operation, or free flow operation, is

adopted for the Seyhan Dam,
Comparison at the Seyhan Dam between "constant outflow operation” énd "constant ratio
operation" operated at the Catalan Dam is made in Figure 7.2.4 to 7.2.7. The results are

summarized as follows.

" Constant ralio gperation at Catalan Dam

Spill-out inflow _ : ——

from Catalan - from subbasin  Inflow peak Stored vol. Max. RWI. Quiflow
172 582 m3/s 280 m3/s 861 m3/s  1322x105m3 63.73m = 591 m’/s
15  622mils 435 m3/s 1,054 m3s - 148.6x10° m? 6403 m - 659 mls
110 647 m/s 550 md/s 1,195 m¥/s  162.9x10° m? 64.29m 720 m3/s
1150 715 m3/s 825 m¥/s 1,534 ms 194.0x30% m? 64.834 m 856 m3/s
1/100 738 m3/s 955 md/s . 1,691 m¥fs - 206.6x10°m®  65.06m - 913 ma3/s

Consiant outflow operation at Catalan Dam

Spilf-out Inflow
_ from Catalan from subbasin Inﬂowpeak Stored vol. Max. RBWL. __ Outflow
12 1,175 md3ls 280 m3/s 1455 m¥fs  158.1x10m3  64.20m 699 m¥/s
15 1,200 m¥/s 435 m¥/s 1,635 © -2106x105m> 65.13m - 931 m¥s
V10 1,200 m*s . 550 m¥s 1,750 m¥fs - 247.7x10°m? . 6576 m 1,102 m3/s
50 1,200 m¥/s 825 m?/s 2,025 m3s  2873x105m®  6640m - 1,288 m’/s

1/100 1,200 m3/s 955 md/s .. 2,155 m3s - 288.7}:105 m? 6642 m - 1,293 md/s - .
7.3 Water Use-Operatiun
7.3.1 Alternative reServoi_r ruie curve

The operation rule curve of the Catalan Dam is studied hercunder. Hydrop(.)wer.i's generafed
by water head and flow discharge. If the reservoir water level is set up at higher level to obtain
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“higher water head for power gc.ner'a,tion in rainy season, the dam can not regulate flood {low
and flood water can not be stored in the reservoir to be utilized for power generation in dry
scason. If the reservoir water level'is set up at lower level on the éontrary, less water head
generates less power energy and minimum guarantec energy (firm energy) becomes less in
drought year because of less stored water in the reservoir. The reservoir operation rule curve

shall be optimized.

Monthly average inflow discharge is recorded from 1940 to 1980 for 40 years as follows.
Irrigation water and evaporation discharge are assumed as in the below.

Inflow into Imigation Monthly Waterfor

Catalan Dam Water Evaporation Byaporation Hydro Power

(m?/s) (n/s) {mm/month) {m?{s) (m3/s)

Oct. . 79.0 _ 0.3 87.2 24 70.4
Nov. 91.7 - 0.0 49.6 1.4 - 903
Dec.’ 1374 0.0 313 0.8 136.6
Jan. 1653 0.0 31.9 0.8 164.5
Feb. 1967 - 00 398 . L1 195.6
Mar. . 286.8 0.0 62.4 16 285.2
CApr. 3593 33 84.9 24 353.6
May . 2453 117 1244 C 3.6 230.0
Jun. 147.2 36.9 © 1556 4.9 105.4
“hil 102.3 70.9 1754 51 26.2
© Aug. 853 - 516 - 1618 4.6 231
Sep. 79.3 293 128.0 3.7 46 4
Avp. 164.6 18.0 94 4 2.7 i43.9

Monthly inflow discharge from Janﬁary to May exceeds the average one. Therefore, the
reservoir shall be filled during January to May ("storing period"). The average inflow in the
"ston'ng period" is at 246.1 (m3/s). The stored water in the reservoir shall be consumed from
June to December ("consuiming period”). The average inflow in the "consuming period" is at
71.1 {mf'ls_). “The reservoir active sforage volume is 740 = 10% m?* (EL 115.0 to 125.0 m).
Storing d_ischafge and consuming discharge on a‘kerage arc respectively calculated at 56.7 m?/s
(=740 » 10° m3/151 days/24 his./3,600 sec.) during the "storing period" (151 days) and at
40.0 m¥/s (=740 x 106 m3l214"daysf24 hrs./3,600 sec.) during the "consuming period" (214
days). Alte_maﬁve rule curves are established as follows.

Case-1
| The-consumiﬁg discharge is distributed to a month depending on monthly
~ average inflow during the "consuming period". Hydropower is generated by
‘monthly inflow added with the distributed discharge. The storing discharge is

distributed to a month depending on monthly average inflow during the "storing

period". Hydropower is generated by monthly inflow deducted the distributed

discharge. | waér discharge is expressed as follows.

"Consuming period : Q, = Q; + 40.0 x Qi/71.1
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"Storing period 1 Qp =Qj - 56.7 x Qi/246.1
Where, 'Qp : Monthly power discharge
Q; : Monthly average inflow

- Case-2. _ : _
The average inflow during the "consuming period" is 71.1 m3/s. ‘Hydropower
is generated by the discharge of 111.1 m¥/s (=71.1 + 40.0) during the
"consuming period". The average inflow during the "storing period” is 246.1
m3/s. Hydropower is generated by the discharge of 189.4 m3/s (=246.1 - 56.7)
during the “storing period".

Case-3 : :
. The rule curve of Case-Z operates reservoir water level at lower level in the

"consuming period®. Firm energy may not be dependable. 1t is because the
 reservoir water level reaches to minimum operation level in November 10
'February' and power genération is enforced to be made by inflow, dischargé

only. In order to increase firm energy, power discharge is set up at 101.1 m?/s

(=111.1- 10) during the "consummg penod" decreasing 10 m?¥/s than that in

Case-2. Instead, power discharge is set up at 199.4 m3/s (—189.4_ + 10) during
the "storing pericd”, increasing 10 m¥/s than that in Case-2.

Assuming the reservoir water level at'125.0 m at the begmmng of June, the reservoir water
level for the above cases are calculated in Table 7.3.1. The operatxon rute curve (R.C) is

suminarized below.,

Case-t Case-2 . Case3

Avg.Inf. o Q(odls) RCm) Qmds) RCm) Qin¥s) RCm)
Jan. 164.5 1266 1150 1894 - 1160 1994 - 1176
“ch, 1956 1506 116.5 -___1894_ 1150 1994 - 1162
Mar. 2852 219.5 1181 1894 1153 - 1994 - 1161
Apr. 353.6 o 2722 1205~ -1834 . 119.0 1994 . 1194
May 230.0 177.0 1233 189.4 1245 . 1994 1245

_ Case-1 : - Case2 . f Case-3 .

AveInf, Qm’s)  RC@) Qm’fsy RCm) OQuwds) R.C(m)
Jun, 105.4 164.6 1250 1.1 125.0 101.1 - 1250
Jul. 26.2 41.0 1231 . . 1111 124.8 10110 1250
‘Aug. 2.1 36.1 1226 1Ll - 1220 1001 122.5
Sep. 464 725 1222 1111 118.8. 1011 119.8

" Qet. 704 1100 . 1213, MLl 1164 06T 1178
Nov. 903 1411 1199  HLi 1150 -, 101,1- . 1166

Dec. ~ 1366 213.5 118.1 1111 1150 1011 1162
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Monthly maximum operation level is set up as follows,

Max.EL(m) Max.Fl.(m)
Jan. 118.6 Jul. 125.0
Feb. 118.6 Aug, 125.0
Mar, 118.6 Sep. 125.0
Apr. 120.7 Qct. 125.0-
May 125.0 " Nov. 120.7
Jun. 125.0 ' Dec. 118.6

The monthly reservoir rule cutve and monthly maximum operation level is shown Figure
7.3.1.
In addition to the above rule curves, power energy is estimated in case that maximum operation

level (flood control water ieve!) is assumed as a rule curve.
7.3.2 Operation rule
Reservoir operation rule 1s established as follows.

(a) Targetdischarge shall be maintained at lcast for power generation except when

| reservoir water level is below minimum operation level. Reservoir water level
reaches to minimum operation level, target discharge shall be decreased to
maintain the reservoir water level at the minimum operation level. In other

words, power discharge shall be at inflow discharge. o

{(b)  When the Ieservmr water level is above minimum operation ievel and below the
rule curve level power is generated with target discharge.

(c) When the reservoir water level is below the maximum operation level and the
rule curve level, design discharge of 360 m3/s shall be discharged for power
generation. Therefore, sccondary discharge is at (360 m3/s - target discharge)
under this operation.

(d) When reservoir water level reaches to the maximum operanon level, excessive
water shall be spxi!ed out.

7.3.3 Power simulation

Inflow dlscharge at Catalan Dam site is avallable from 1940 to 1980 after deducling irrigation
water use by Imamoglu Pr0ject which is under construcuon Generating energy is s1mulated
for 20 years from 1960 to 1979 by applying the above operation rule. Power output is

calculated with the following equation.

p‘_;ngxHx];l.
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Where,

P Power ouiput (kW)

Gravity acceleration (9.8 m/s?)

Power discharge (m?/s)

Head = Reservoir WL - T.W.L (64.0 m) - Head loss
Generator/Turbine efficiency

= T O W

Head loss curve and generator/turbine efficiency curve is shown in Figure 7.3.2 and the

following regression is adopted.

Head loss Iy = O 138 X P“,2 + 1 053 x Pw + 460 513
Where hy : Head lo_ss (mm)
_ P, : Power (MW) .
Efficiency p = - 1.645 x 104 x P2 + 0.019,x P,, + 0.382
Where, p : Generator/turbine efficiency
P, : Power (MW)

Target discharge is changed to see energy ouiput. Simulation results are summarized.below.

Case—l . Case-2 - Case-3

Target dis. (mls) 700 800 900 300 - 400 500 500 60.0 700
Averagefirm dis; (m¥/s) 67.9 763 798 300 395 481 500 593 676
- Secondary dis. (m%/s) - 61,4 . -52.1 549 - 0928 854 : 8.0. 812 719 626
Spill-out dis. (m3/s) - 85 87 43 %4 56 38 27 . 31 23
Tirm energy (GWh/yr) 285.2 "322.0 3375 1173 1570 1929 1339 2436 278.0
Second. engy (GWhiyr) 264.6, 2274 2367 383.6 353.8 3312, 3411 3022 2627
Total energy((}ww}'q),ﬁas 5494 ST42 509 5109 5242 S50 SASE 5406

If target dlscharoe is aimed at higher dlscharge total encrgy becomes Iarger but firm energy
- dependability becomes less, T hrough the above simulation, 0pe1at10n rule curve of Case-1
with the target dlscharge of 80 m¥/s is recommendably adopted becausc it can generate power

energy more and firm energy is acceplably dependable.
7.3.4 Power simulation without- and with- fiood fo:.'ecasti'ng'ivami':i‘gf sjstein

Daily power generauon is sm‘;ulated in case of ' w_ithout sys_tbm"':ahfd with system".” Opesation

rule is set up as follows
(3) Maximum power discharge shall be at 360 m3/s.

(b) Reservoir water level shail be followed the reservoir operation rule curve of
Case-1. o B
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(c) "Recovery discharge" (Qyp) is defined as the d_iScharge to recover the reservoir
water level (RW1.) on the previous day to the rule curve (RC) on the operation

day. . o
Q= (VrwL - Vre )24 hrs./3,600 sec:
Where, Q: : Recover discharge (m3/s)

Vrw : Reservoir volume on the previous day (mm3)
VRre: Re’servoir volume on the operation day (m?)
Power discharge shall be daily inflow discharge (Q;) added with Q..
(d) Minimuin powcr.discharge shall be at 80 m3/s.
(¢) If RWL exceeds flood control level, reservoir water shall be spilled out.
() If RWL is less than the minimum operation level (1 15.0 m), power discharge
* shall be at Q;.

Daily power simulation is made on a basis of the above operation rule. Daily inflow (Q;) in
1970, 1975 and 1988 are adopted. Daily inflow (Q;) on the operation day is assumed as same
as the Q; on the previous day, in case of "without system" operation. It 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 112 715,962 717,567
1975 15 790,301 791,019
1988 1710 992,199 996,315

It can be found that power operation "with system” can generale energy more stably than
power operation "without system".

Additional energy production obtained by the difference of operaiton is calculated and tabulated
below. The difference of storage volume which can be obtained by the difference belween
censtant outflow operation and constant ratio operation is considered to be used for energy
production. T.W.L and He for Catalan and Seyhan Dams are assumed below.

(a} Catalan Dam (T W.L = 64.0m, he = 3.0m)

2-year S-year 10-year S0-year 100-year
Difference of Storage ' '
Volume (x 106 ma)* 44.1 86.9 1243 ‘178.5 198.4
- Ave, WaterLevel 118.9 1193 1197 120.5 120.9
Ave. Head (m) 519 523 52.7 53.5 539
Encrpy outpug (MWh) - 5,296 10,516 15,157 22,097 24,7144
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(b} Seyhan Dam (T.W.L = 30.3m, he = 3.5m)

2-year S-year 10-year S0.year | 100-year

Vol o 300 map? 25.9 620 g4 033 82.1
Ave. Water Level 626 631 3.4 63.7 63.7
AveHead(@) - ' 288 293 296 299 299
Energy output (MWh) 1,726 4203 5780 6455 5,680

*: Storage volume by constant ouiflow operation - Storage volume by constant ratio operation
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8. FEASIBILITY GRADE DESIGN =FOR THE OPTIMUM SYSTEM

8.1 System Configurations

8.1.1 Overall system configuration

T'he overall configuration and fﬁnctioﬁal block diagram of the flood foreéasting and warning
system should be shown in Figure 8.1.1. The flow chart of data should be shown in Figure
8.1.2.

8.1.2 Circuit configuration

The overall circuit configuration of the flood forecasting and warning system should be shown

in Figure 8.1.3.
8.1.3 Station configuration of facility

The station configuration of the flood forecasting and warning system facility should be shown
in the table below.

Type of station Number of stations
Control center (DS 6th regional directorafc flood control committec) i
Data momton ng stations (DSI gener'ﬂ directorate, Adana EfE and DMI) 3
Seyhan Dam nfﬁcc facility ' 1
Catalan Dam offlce facility _ 1
Multiplex radio repeater stations - : 3
Multiplex radio repeatés statibns:(F elemetering repeater station also provided) 4
Telemetering rcpcétcr stations .(V-V and Cross type) 7
Water level gaﬁgiﬁg stations (Seyhan Dam and Catalan Dam water level included) 10
- Rainf: ajl gaugihg stations (Caialan Dam rainfall inciuded) - -9
Rainfali/temperature gaugiug stations | | 7
Adana Provincial Governor 1

—

. UHF repeater station

ASO UHF radio laison statlons(Dogankcnt and Yenice) 2
' Towmr vﬂlages head UH[' radm haxson stations (downstrcam arcas of Seyhzm Dam) 5

7 Moblle station ' ' ' i
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8.2 System Scheme and Funciion Cutline
The flood forecasting and warmning system should consist of three sub-systems:
- Datacollection system
- Data processing system
- Data transmission sysiem
The functions of the sub-systems are outlined in Sections 8.2.1 to 8.2.3 below.
8.2.1 Data collection system
The data collection system should consist of one (1) supervisory station at-Seyhem Dam office,
eleven (11) telemetering repeater stations, ten (10) water level gauging stations, nine (9) rainfall
gauging stations, and seven (7) rainfall and temperature gauging stations. The functions of the
data collection system should outlined below. '
(1) Data to be coliected
The types of data to be collected should be listed in Table 8.2.1

2) Collection intervals

In principle, the intervals of data collection should be based on the fo!l_owiﬁg table:

Gaugingiteim = - Collection conditions ' Remarks
Rainfall Fvery hour on the hour Calculations of hourly rainfall, every hour’
~ on the hour, become the minimum unit, . .

Waterlevel Every honr on the hour 1t is preferable that whenever neces-sary,
collection of any data should be possible.

Airtemperature Every hour on the hour It.is preferable fhat.- whenever necés-éray,-
collection of any data should be possible.

3) Data collection circuits

Simplex radio links for data oollectlon shouid be of the half duplex commumcatlons type based _
on VHF radio links of hi gh circuits desngn efficiency. Since a VHF radio f requency band of |
70 MHz can be used even during the implementation phase of the system, 70 MHz should be -
used that is high in circuits desi gn efficiency and ideal for mountainous propagation.
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(4) Telemetering method

Polliﬁg telemetering should be used as the method of telemetering for the data collection

system.
(5 Frcquenc.y assignment planning for the tclemetering radio links

An outline of frequency assignment planning for the telemetering radio links should be given in
Figure 8.2.1.

8.2.2 Data processing sysiem

The data processing system should use distributed processing configuration. The system
configuration is shown in Figure 8.2.2, and its processing functions are outlined below.

(1) Computing items
The foliowing lists computing items required for the food forecasting and warning system:

- Hourly rainfall processing
- Dailyrainfall processing
¢ Average basin rainfall processing
~ - Rainf all warning judgment processing
- Water level warning judgment processing
- Water level/discharge processing
- Stati_stéceil processing
- Outflow forecast processing

8.2.3 Data fransmission system

The data transmission system should transmit data and information for flood control activities

from the flood control committee of the DST 6th regional directorate to related agencies. A total

functional block diagram of the data transmission system should be given in Figure 8.2.3, and
~ an outline of its related ci_rcuits_ and operéting frequency planning should be given in Figure
- 8.2.4. The function of the '_dat_a transmission system are outlined below.
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(D Datadistribution

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

types of services should be listed below.
(a) Image service destination stations and service types -

The following lists stations to whi'c;h image services should be provided:

Image data distribution Image data distribution destination ' Serv.icc image type
sonyce
» Control center - DSI gcnéra] diréctorate * River basin status chart
(Flood control comimittee of - » Seyhan Dam office ¢ Rainfall data table
* DSi 6th regional directorate) *-a Catalan Dam office . . s Waterlevel data table
» Adana EIE regioxial directorate . Diséharge data table

» Adana DM regional directorate e Air temperature data table
» Rainfall chronological graph
* Water level chr_onqlogicél_ graph
« Discharge chronotogical graph
= Air temperature chronological graph

Distribution of image dala io the Seyhan Dam office and the Catalan Dam office
should be performed via multiplex radio links and distribution of image data to
the DSI general dircctorate, the Adana EIE regional directorate, and the Adana
DMI regional directorate via PTT private lines provided with optical fiber

cables.
(2) * Information transmission through direct call lines

Private lines for mterconnection belween each of the following sections should be prowded to

allow direct lelephone calls to be placed:

" Séction _ ' Commumcatxons line type

‘e Between Control center and Seyhan Dam office Mu!t:plex ra(ho links
« Between Control center and Catalan Dam office M_uluplcx radio links

« Between Control center and Adana Governar PTT leased lines
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3 Voice information transmission

Voice information should be transmitted via the exchange circuits of multiplex radio links.

Information tl'anSmissin1 circuits systems are classified as follows according to the

combination of the multiplex radio links and UHF radio links to be structured:

- Liaison t'elephone system that uscs multiplex radio links
This system is made up of only multiplex radio links.
- Liaison radio telephone system .
This system is made up of a combination of multiplex radio links and UHF

radio links.

Both two types of information transmission systems lisied above should allow full duplex

communication through the dial telephone. The functions of the two types of information -

transmission systems should be outlined below.

(a)

(b

Liaison telephone system that uses multiplex radio links

This system, which should be made up of only multiplex radio links, should be
provided in the three places listed below. While the call channel remains
unoccupied, this sys’tém can be used to infercommunicate between stations or
with a liaison radio telephone system.

- Flood control comrhittee of the DSI 6th regional directorate
- Seyhan Dam office
- Catalan Dam office

Liaison radio telephone system

This system should be made up of a combination of multiplex radio links and
UHF radio links. A single-channel radio commuaication should be provided in
the two places and one patrol car listed below. This system should allow
telephone contact between these two stations, patrol car and multiplex radio
co'mmunicatio'_n stations,

- . Dogankent Flood Control Center

- Yenice Flood Control Center

- Patrol car (Downstream areas of Seyhan Dam)
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(4 Voice liaison system
The voice liaison system should transmit in voice dam discharge information through UHF
radio links. Voice information transmission should become possible by selective call

communication between the control centers and the following stations since group contact is

required for information of dam discharge.
- Tagci (Seyhan River Left Bank) -
- Kuranga (Seyhan River Left Bank) .
- Karayusuflu (Scyhan River Left Bank}
- Baharli (Seyhan River Right Bank)
- Tabaklar (Seyhan River Right Bank)
8.3 Feasibility Grade Facilities Desi gn

8.3.1 Station equipmeﬁt configurations

Figure 8.3.1 :tq 8.3.6 should show the schematic configuration of flood forecasting and

warning facility for Seyhan River basin.
8.3.2 Feasibility grade deéign for teiemetering.facii'ity

The feasibility grade design for the telemetering facility that is o collect hydrometeorological.
data should be described below. ' R

(1) Outline of the telemetering scheme

The following should give outline of the teiemetering scheme to be used for the flood

forecasting and waming system:
(a) Datacollection

- Data collection procedures - “Polling _

- Collection modes o : Automaticaﬁdmanuai-' -
* Automatic | ' -1 4-level collection intefval_sctﬁng
* Mapual -+ General polling and individual polling
- Recall : - : Automatic r_ecé'l_ling- po_ssibié.i.f code
' errors are detected
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(by ‘Transmission

- Method of communication : Half-duplex -

- Method of modulation : Frequency modulation

- Transmission rate : 200 bps

- Method of error detection : 16-bit cyclic code or equivalent
: - method

8.3.3 Feasibility grade design for the multiplex radio communications
faclhty

The feasibility gradé design concepts for the multiplex radio communications facility of the
flood forecasting and warning system should be described below.

(1) Frequency assignmem planning

Considering the three-way route branching circuits and D/U ratio that are characteristic of the
multiplex radio communications links configuration, a minimum of threc pairs of radio
f fequenéy assi_gliment should be required for the multiplex radio communications links. Of all
frequencies falling within the range {rom 2,520 to 2,670 MHz that is shown in the
recommendations of the Conference of European Postal and Telecommunications
Administration (CEPT), onIy'tho.se which are temporarily licensed by the TGM should. be
asslgned to suit the particular domestic situation of the Republic of Turkey. One e}\amplc of

assigning frequencies is shown in Fi gure 8.3.7.
) Channel plan

The items listed below are considered during study of a channel plan for the multiplex radio
communications facility. The results of feasibility grade design for the channel plan should be
shown in Figure 8.3.8.

(a) The links required for the data collection system should be reserved. For
maintenance purposes, start conncction is excellent as the method of using
channels. The multi-drdp scheme, however, should be used as far as possible,
since this method allows the multiplex radio communications links channels to

- be used very effectively.

(b) To ensure that a direct telephone system is structured, p'rivate'lines should be

provided for the control center and the followin g related places:
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- Betwecen the flood control committee of the DSI 6th regional directorate

and the Seyhan Dam office
- Belween the flood control committee of the DSI 6th regional directorate

and the Catalan Dam office

© Considering the operating conditiOns of the flood forecasting and warning
system and the frequency of use of necessary telephone sets, a telephone

exchange should be installed in the control center.

(d) | Two (2) niuliiplex;lype liaison telephone channel should be as'sighed to each
place and accommodated in the intercommunications gystem of the telephone

- exchange.

(e) Two (2) lizﬁéoﬁ radio télephone channels should be assigned to the section -
between the telephone eicchange 1o be installed in the control center, and the

UHF radio communications base station.
() Two (2) channelsshould-bc reserved for data distribution between the control

center and the Seyhan and Catalan Dam offices. Onc of thesc two channels

should for spare use in the future. -
8.3.4 Feasibility grade design for the _pdwer supply facility

The basis for the feasibility grade desi gn of the power supply facility each station is describéd
below. ' .

(D Control center

Since the power supply _faqility of the contro center forms the coré of the flood f orec_ésti_n g and
warning system, the facility should be completely uninterruptible. The uninterruptible power
supply facility should consist of AC uninterruptible power supply equipment and a standby
engine generator, since the control center has a large load capacity. '

(2) . Dam off; icés

The power supply faéility of the Seyhan Dam and Catalan Dam offices shbuld be c.'om'plct'cly'

uninterruptible to ensure continual display of dam management processing data and execution
of dam operating commands through direct telephone calls. The uninterruptible power supply
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facility should consist of AC uninterruptible power supply equipment, DC power Supp[y
equipment, and a standby engine generator.

3) Data monitoring stations

Since, in the data monitoring stations of the DSI general directorate, the EIE, or the DMI, data
will not be processed and will only be received, displayed, recorded, etc., the power supply
facility of these stations should consist of that uninterruptible type based on AC uninterruptible
power supply equipment that permits about 10 minutes of interruption.

(4 Multiplex radio communications stations

Since the power supply facility of the multiplex radio communications stations forms one
functionally integral part of the flood forecasiing and warning sysiem, the facility should
consist of the completely uninterruptible type that consists of DC power supply equipment and
a standby engine generator.

5 Telemetering repeater stations and gauging stations

Considering the powef supply situation in the Seyhan River basin areas, the power supply
[acility of the felemetering repeater stations and gauging stations should consist of the solar
battery type as far as possible, even if commercial power can be received.

(& UHF radio liaison stations

Constdering the power consumption and [requency of operation use, the power supply facility
of the UHF radio liaison stations shouid consist of DC power supply equipment.
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9. IMPLEMENTATION PLAN AND COST ESTIMATION

9.1 Implementation Schedule

'l;he impleméntation schedule for the structuring of the flood forecasting and warning system is
shown in Table 9.1.1. During [ meulation of the implementation schedule, the following iterns
are incorporated into the schedule:

(1} Entire work period

The entire work, which ranges from detailed designing to civil construction work, equipment
procurement, transportation, installation, adjustment, acceptance test and site OJT (On -the-Job
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) ‘Detailed design period

The period of det_éil_ed design based on the results of feasibility study, including preparation of
Tender Documentation, will be set to become five (5) months. :

3 Supplemental radio wave propagation investigation

The period of supplemental radio wave propagation investigation occuning after completion of
detailed designing will be set to become about two (2) months. This period will include the
period of :the radio wave propagation investigation of the Seyhan River upstream basin and
other areas that was not executable because of the limited time and for other reasons during the
feasiblity study. '

4 Tender px‘dccssing period

The period required for Tender processing will be set to become two (2) months.

(S) :  Civil bonstmcti’o_n work period

" The civil construction work for towers, station buildings and all other related facilities should
be executed by the Government of the Republic of Turkey. The implementation schedule will

be formed for the preparation work and necessary work period to become seven point five
(7.5) months. :
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(6) Equipment design and manufacture period

The period of cquipment design and manufacture (factory witness inspection included) will be
set to become seven (7) months; this period considering the situation of equipment procurement

in Japan.
(N Transportation period
The total period required for export processing from Japan, marine transportation (including
the customs clearance in Iskenderum, the Republic of Turkey), and inland transportation in the
Republic of Turkey, will be set to become two (2) months.
(B) - Equipment instaliation and adjustment period
Cons:dermg the number of about {ifl ty (50) related sites and the geographical condltlons of
these sites, the equipment installation and site adjustment period will be set 1o become six (6) .
months, inchuding the preparation work period. '
(%) Final acceptance test period
The final acceptance test peridd will be set to become one (1) month. -
(10 Training period -
The maintenance per'sonnell for the I lood forecasting and warning system requires prior
overseas training and site OJT, and the overseas training period and the site OJT period will be
set to become one (1) month and one point five (1.5) months, respectively,
9.2 Construction Cost Estimation
9.2.1 Basic conditions for construction cost estimation
Direct construction work costs arc 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, :

(a) Al prices will be the market prices existing as of February 1994, Commercial

power leading-in work expenses and inland transport expenses, however, are -
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estimated by multiplying the market prices existing as of February, 1993, by
1.6.

(b) Construction costs arc estimated in both foreign currency (ihe US. dollar) and
domestic currency (the Turkish lira). The exchange rate as of Febrvary 1, 1994,
is used as that of the dollar and the yeﬁ. This exchange rate is shown below,
$1 = ¥109.20 |

(¢} Construction costs consist of the following items:

- Direct construction expenses

- Governmental overhead expenses
- Engineering expenses

-~ Educational and training expenses
- Provisional expenses

(dy Land compensation expenses are estimated in domestic currency and included in

construction costs,
9.2.2 Construction cost estimation
Construction costs are es(imatéd for each of the items listed below.
(I - Direct construction cost

The direct construction expenses estimated here consist of direct expenses (such as labor
expenses, materials expenses, equipment expenses, elc.) and indirect expenses (such as the
indirect expc_nées, pro_fi_i_s, and site expenses of subcontractors). Of all these direct expenses,
oniyf_tlle expenses [or the work listed below are estimated in Turkish domestic currency that
includes a value added tax of 15%. Any equipment and materials that may be imported are
handled tax-{ ree in their cost estimates.

- Construction work for towers (Design and materials included)
- Construction work for station buildings and water level gauging wells (Design
and matertals incl'uded)r
- Construction work for pressure type water level gauge protective piping facilities
. (Design and materials included) _
- Construction work for ‘vafer level .gauge extension cable ducting
- Construction work for maintenance roads (One part excluded)
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- Construction work for commercial power leading-in

- Instatlation and adjlls(nlent work (E}(perts expenscs excluded)

- Initial installation work for termination PTT private lines .

- Inland transportation in the Republic of Turkey (Unloading and storage

warchouse expenses included) :
(2) Governmental overhead expenses

The expenses for administration, operation, and other management jobs by the Turkish
Government are estimated at the ratc of 1 % of the total direct work expense.

3 Engineering expenses

Engincering expenses for the detailed design and implementation/management jobs that will be
carried out by Engineers are estimated at the rate of 13 % of the equipment expense.

(4 - Educationaland trainingéxpenses

The educational and training expenses for the overscas training and on-the-job training of
Turkish engineers are estimated at the rate of 1.7 % of the equipment and expense. - -

(3 Provisional expenses

The provisional expenses are eslimaled at the rates of 15% of the total civil construction work
expense and 5 % of the total equipment and instailation/édjustment expense.

"The construction costs based on the above estimates are listed in Table 9.2.1; and an outline of
the construction costs is given below. Station-by-station direct work expenses are listed in
Table 9.2.2. ' ' S

Ttem ' Foreigncmrency = Domestic currency

. (Unit: $) (Unit: 1000 TL)
Direct construction expense 10,096,490 19,745,400
Lahdacquisitionexpcns_e - o SRR | E 660() '.
Governmental overhead expense g = 197,454
Ingineering expense : 1,170,200 S a0
Educational/trainingexpense -~ +. o 148,580 | o
Provisional cxpenses | 554870 - 2630010

Total cons(ructionéxpcpscs . : ©11,970.140 . - 22.579.464
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9.3 Maintenance and Management Cosis

To ensure continued normal operation of the flood forecasting and warning system after
completion of this project, appropriate maintenance and management is required. Maintenance
expenses for the flood forecasting and warning system should therefore be budged. Annual
maintenance and management expenses are estimated below.

9.3.1 Estimation conditions

Annual maintenance and management expenses are estimated under the conditions listed below.
(1) Maintenance and management system

The maintenance and management sysiem shows in Figure 11.3.1 is to be established.

(2) Operation of a standby engine generator

A standby engine generator shall be operated for 40.00 hours/month. Its fuel expenses are

estimated.
3) | Repair and consumable parts cost

The repair and consumable parts cost per annum is estimated at the rate of 0.1% of an initial

equipment cost. -

4 . Vehicle cost

The nscessary' number of véh’icl_es should be purchased io compensate for any insufficiency in
quantity, and they will be rencwed for every fifteen (15) yecars. The gas fee of vehicle is
estimated on the assumption that one vehicle is to be driven through the distance of 12,000 km
a year. ' '

(5) Ch&rges for the PTT pﬂ?ate lines

" The lease charges for the PTT private lines are cstimated. The initial costs for the [irst fiscal
year will be included in the construction cost estimates.
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(6) Electricity charges

The clectridtgy éhai'ges per annum are estimated.

)] Management expenses

Management expenses are estimated at the rate of 15% of the annual méintgnance expenses.
9.3.2 | Maintenance expenses

The maintenance expenses per annum are listed in the table below.

ftem - Foreigncurrency  Domestic currency

, _ - (Unit:3) (Unit: 1000°TL)’

1. Personnel expenses . 1,968,00{)

2. Fuel expenses - 1m0
3. Re;ia;ir'part €XpCnses - 26&3,460

4, _Vehiclc gasexpenses _ =L 19550 ‘

5. PTT private line charge - 755,000

6. Electricity charge' = 470,00d

7. Managément eXpenses - _ . .533720

Total - 4,091;850
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10. EVALUATION OF THE PROJECT
10.1 Basic Concepts of Projeci Evaluation

The project evaluation of this report aims to. provide basic information for the project
implementation decision making. Information covers the project's social and economic impacts
to the society, financial and economic burden and efficiency, and technological appropriateness

and importance.

The evaluation consists of the following three component: a)-identification of the project
impacts, b) financial and economic analyses, '¢) social and technological evaluations. The
expected project impacts are identified from the typical or theoreticaliy possible impacts by the
flood forécaéting and warning system considering the present and expected future conditions
and activities, and pést experiences. Among the identified impacts', quantifiable ones in
moneétary term are utilized for financial and economic analysis and others are elements of the

social and technological evaluation.
10.1.1 Target heneficial area

The identified main target beneficial area of the project is the High Water Channel (HWC) of
the lower reach from the fower regulating structure located in the Jower reach of the Seyhan
River. The area is not well protected and suffering continual inundation by the flood. This
physical condition is expected to be unchaﬁged in near future. Most of the HWC land is used
for culiivation. Small residential areas exist within the Adana City boundary.

Adjacent areas to the levees down from the Scyhan Dam which include part of the downtown
Adana City are target areas, too. The latter areas' risk of the flood damage, however, is only
scarce"p’.rbbabiiity of having damage by the flood since the structure measure consists-of the
Catalan Dam, Seyhan Dam, and the levees are designed to protect these areas properly with

500 years' probability.

In addition to the above arcas in the lower reaches, Feke and Pozant areas in the middle
reaches are indirect beneficial areas, These areas are connected to the warning system through
the Provincial Governor's office and transmission of the warning information is the office's

disposal.
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10.1.2 Affected groups

Since the system intends to provide flood data and information for major parties mostly
concering to the lower reach flood of the Seyhan River, the main affected groups are the
residents'in the flood risk area in lower reach of the Seyhan River. The other affected parties.
include the DSI" which is responsible organization for the river management, local
governmental orgam'zati'ons related to the flood damages, residents and other potential sufferers
of the flood, residents near the river, and the other organizations concerni'ng' the flood and its
damages such as EIE and DML,

10.1.3 Tfpical socio-economic impacts'of the flood forecasiing and. .

K warning system

The project has a con51derably vast kind of socio-economic 1mpacts The eva!uauon of the
project to be taken is comprehensive one which exert to incorporate these various impacts.
Since the Projeci aims to achieve the faster, more accurate, and more reliable ﬂood,f orecasting
and warning for the dam operations, major impacts of the project are derived from speed up,
and accuracy and reliability increase in flood forecasting as well as reduction of manpower- and
facilities directly involved in the forecasting and warmng The project’s negative impacts to the

society and environment areinsignificant by nature.
The possible‘ impacts bro"u'ght by 'thc project are the { ollowing:

« the viewpoini from the replacement of the current system - :
(a) Substitution effect of the personnel related to the flood forecasting and warning

" by the syslem, e

. the viewpoint from the speed up partly wuh accuracy and rehabihty mcrease
(b Time savmgs of the flood forecastmg staff,

(c) Time savings of the flood fighting teams,

(d) Time savings and most anpropnate decision making for ﬂood

(e) - Increasein saved movable property value by carliér evacuation. mfo_rmation,

‘s - the viewpoint from the accuracy and reliability incrcaéé pértly-.w.i'th speedup - .
(f) Decrease in flood arcas/damages by proper dam opera’uons : : .
(g) Maximization of reservoir water use by more flemble and appropriate dam

operations, _

(h) - Increase in social safety feelings by reliable inforination-, decision making, and

proper public sector's action, and | | |
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(iy  Decrease in possibility of potential risk realization and increase in social safcty
- feelings by reduced discharge water velume from the Seyhan Dam during the

flood time,
10.1.4 Expected project socio-economic impacts

Among the above stated iypical socio-economic impact, the project's particular expected socio-
economic impacts are determined by consideration of the present operations and the conditions
of the expected beneficial areas stated in 10.1.1. The expected project impacts are the

followings:

‘(a) Substitution effect of the personnel related to the flood foi'ccasting and warning
by the system, - '

(b) Time savings of the flood forecasting staff,

(d) Time savings and most appropriate decision making for flood,

()~ Decrease in flood areasidamagcs by proper dam operations,

(g - 'MHleIZZ\thH of reservoir water use by more flexible and appropriate dam
operations, _

| (h) Increase in social safety feelings by reliable information, decision making, and
~ proper public sector's action, and

(1) Decreasein possibility of potential risk realization and increase in social safety

feelings by reduced discharge water volume from the Seyhan Dam during the

flood time.

‘The river flow runs throug'h.the'p_r'oje'ct's main farget areas is (is gotng to be) regulated by the
dam(s). The increase of the water volume in the lower reaches from the dams is much more
moderate than the bare flood: This condltmn guarantees enough lead time for the areas to
prepare for the flood even without the project implementation. Therefore, (€) increase in saved
movable property value by earlier evacuation information is not expected.

TItem (¢) decrease in waltmg time of the flood fightmg team may not be significant, too, since
the same condition to the above does fot necessitate the tcam to be waited for immediate
works. ' Also they are to be mobilized by actual condition of the river informed by the field
personnel. This present operation lsystem is Teasonable and not necessarily going to be
chan.g'ed. '

The benefit of the projeét for the middie reach risk arcas is expected to happen in (a)
substitution effect of the people being engaged in the flood f drecasting and warning operations,

which is not so area specific and (h) increased safety fecling by the reliability increase. Since
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the flood type of the expected floods in these areas is the flash flood, forecasting is depend
only on the duration and intensity of precipitation. No significant time difference between
conventional flood forecasting and the system's is expected. Furthermore there is no flood
absorbing structure which could be controlled based on coming water volume information.

Among the expected project impacts, measurable ones in monetary term arc the followings:

(a)  Substitution effect of the personnel related to the flood forecasting and warning
by the system, .
(b) Time savings of the flood forecasting staff,
(¢) Time savings and most appropriate decisioh making for flood (marginal),
(d) Decrease inflood areas/damages by proper dam operations, and
(e) Maximlzahon of reservo1r water use by more flexible and approprlate dam

) OPBI‘allOIIS

These 1mpacts form thc base of the pro_;ect's economic bencflt except (b) Tlme savmgs of the
flood forecasting staif, and (c) Time savings and most appropriate decision makmg for flood.
These two involves other important factors such as poht;cal and organizational responmbxlmes
They may have to be ready foraction during flood time regardless of the new system.

10.2  Financial and Economic Ahal_ysis

Since this pI'O_]CCt has no actual i income by its operatlons the fmanc:lal ana]yms shows only cash
flow of the expendlture It dlsplays only conceptual financial burden of the project
1mplementat10n since the analysns 18 isolated from nominal: changes of value such as inflation
and foreign exchange rate fluctuation to reveal essential v1ab1hty of the pr o;ect The project life
cycle is 17 years after the commencement of the system operation,

The economic an.a'lysis‘using' economic cost and bencfit is conductcﬁ basﬁd on the financial
analysis. The financial cost shown in the financial analysis is convértéd to the economic cost
considering the distortion of fhe-Turkish economy and/or transfer within the economy. The
beneficial impacts of the project to the society which are measurable i in monetary term are used
as economic benefit. Net present value (NPV) and econ()mic internal rate of return (EIRR) are
used to value the pl‘O_]eCt This analysis i is also isolated from the nommal changes of values and
employs the same prOJect life (,ycle '
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