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-CHAPTER 1. INTRODUCTION

1.1 8cope of Work

The hydrometeorological study for the Ermenek Hydro-
electric Power Development Project consists of the 2 stages;
i.e. the preliminary investigation stage and the additional
detailed investigation stage.' The scope of work for the
preliminary investigatioﬂ stage is as follows.

{1)  Site reconnaissance .
.8iting of hydrological observation stations in and

around the.Project'Aréa such as water stage gauging
stations and discharge observation stations.

(2) Preliminary field survey

Fleld survey on the general characteristics of the
‘Ermenek ‘River system. '

Based_on'the'study results at the preliminary investi—
gation stage, the following ‘work was carried out at the
additional detailed'fieldginvestigation stage. ’

(1) Ppischarge observations

Actual flow measﬁréments at'the discharge observation
stations and the tributaries.
1.2: The Project Area

"The Ermenek Rlver rises from the Toros Mountalns at
about 2, 500 m in elevatlon and takes the streams and creeks
such as_Gokdere, Kucuksu, Zeyve and Erik. It flows firstly



towards the south and then towards the east and finally
_]Olns with the Goéksu River near Mut town at about 100 m in
elevation.

The catchment aréa of Ermenek River is about 3,621 km?®
and the catchment area of Gezende Dam, which is under con-
struction is 3,159 km*. The highest elevation of the catch=
ment area is 2,877 m.. Thalweg elevation atlthe_proposed dam
site is -about 500 m and the average basin elevatibn is 1,600

M.

_ About 50% of the catchment area of Ermenek River is
covered mainly by junlper type of. trees.' There are no
significant diversions of water withdrawn from the river in
“all the area. of Ermenek River Basin. Therefqré,fthe-ob—
served flows at stream gauging stations on the Ermenek River
can be assumed as natural flows. ‘ '

1.3 Previous Studies
‘Preceding the present feasibility study; the following .
hydrometeorological study was made by EIE, Department of

Hydrological Survey, Division of Project Hydrology in 1985.

(1) Engineering Hydrology Report for Gérmel Dam on Ermenek
River in Géksu River system. (in Turkish)

1.4 Hydrometeorological Stations and nvailable Pata

(1) Rainfall Gauging Stations.

' Within or around the Ermenek River Ba81n, there are
totally 26 rainfall stations of DMI- (State Meteorolog-.
ical Organization) including statlons which had been
deactivated.- ' g ' '



(2)

(3)

Oonly 3 stations are located within the Ermenek River
basin as follows.

(3) Géktepe

(B)

(C)

Kazangi
Ermenek

The locations of these stations are shown in Fig. Cl.

Stream Gauging Stations

The EIE and DSt gauging stations in the Géksu River

Basin, operative or discontinued, are listed in

Table C1l.  The locations of these gauging stations arve

shown -in Fig. Cl.

(a)

{b)
(6)
{4) -

- Other Data

;The-followihg'data are also observed at Meteorological
Stations of DMI in the G&ksu basin.

Temperature at Ermenek

Relative hunidity at Ermenek
Maximum wind velocity and its direction at Mut

‘Vapour: pressure at Ermenek, Hadim, Alanya and

Anamur

c -3



CHAPTER 2. METEOROLOGICAL STUDY

. 2.1 @General climate

General climate in and around the Géksn River Basin are

characterized as follows;

(1)

(2)

(3)

A remarkable difference in climate can be seen between
the coastal area along the Mediterranean Sea and the

highland area in the central inland. The seasonal pat

tern of precipitation in the coastal area along the

Mediterranean Sea is generally-influenéed by the Medi-

terranean climate, thérefore, precipitation, either
rainfall or snowfall, mainly-occurs in winter and
spring when the depression is activated, and the cli-
mate in summer is very dry. The climate in highland in

- the central part of Turkey'is'a continental. climate,

which causes a cold wind and a snowstorm in winter, and

hot and dry climate in summer.

The main cause of rainfall and snow in and around the

"G6ksu River Basin is mainly due to the Western Depres-

gion, which is moving to the Middle East. or Turkey from
the west such as Meditarranean Sea or North Africa,
There are two types of depression. One runs very fast
through the southern part of mountainous area in Tur-
key, the other runs very slowly and is sometimes stag-
nant near the Cyprus Island. The former depressibn
occurs mostly in winter, the latter occurs mostly in

spring.

In the Ermenek River Basin, the Mediterranean climate
is dominant in lower elevations. The elevétidn.risés

rapidly towards the upstream pasin and the Qlimate'is'
most likely to be influenced by the altitude._ The mean



ground elevation (1,600 m) of the basin indidates that
the basin climate falls into a transitional zone from
the Mediterranean climate to the continental climate in
inland area such as Karaman and Konja,

(4) _héavy iainfalliocdurs along the coastal areas,'where,it-
records from 1,000 to.;,600 nmm a year.. The Ermenek
River Basin is sheltered from the south- and horth-weSt.
winds by the coastal mountain range. Table €2 shows
that the average annual rainfalls at the mefeorological
stations in the Ermenek River Basin are observed be-
tween 500 and 900 mm. Precipitation increases towards
the west along the river. This area variation'observed
in precipitation_is.in agreement with the preva_iling=
wind.directions;from.the south and north-west during
storm and with the general topographical features of
the area. .The areal distribution of the mean annual
rainfall is shown in Fig. C1..

2.2:'Tempgrature and Relative Humidity

Temperature is observed at Ermenek Meteorological
Stétiqn in the Ermenek basin. Monthly mean, maximum and
minimum temperature'values are shown in Table C3. Mbnthly
patterns of mean,-maximum'and minimum-temperatures are
depicted in Fig. C2. As shown in the Fig. C2, mean tempera-
ture is 11.8°C varying in a wide range from 3.3°C in January
to 22.3°C in July and August. The annual maximum and mini-
mum temperature one 39°C in July and ~15°C in January,
respectively. '

Mean montle'relative humidity at Ermenek Meteorologi-
cal'station is présénted in Table 64}_ Monthly pattern of
mean relative humidity is shown in Fig. c3. Relative humid-
ity is'high in Winter with the value of more than 60 per
cent, and low in Summer less than 40 per cent. .

c "?-':5



2.3 Wind Speed

Wind speed is observed at Mut Meteorological Station.
Monthly maximum wind velocity and its direction are summa-
rized in Table €5, and monthly pattern is depicted in
"Fig. C4. - Maximum wind velocity is generally constant
throughout the year except in November with the recorded
maximum value (23.2 m/s) during the past 20 years. The
direction of the dominant wind is north-west. |

2.4 Evaporation

- There is no meteorological station which observes
evaporation in the Ermenek basin. Evaporation observations
are made at Silifke and Karaman Meteorological Stations.

‘Monthly pattern of evaporation can be generélly seen in
Fig. €5 which was given by the mean evaporation from reser-
voir at Ermenek, estimated by EIE.



CHAPTER 3. RAINFALL STUDY .

3.1 Available Rainfall Data

Within or around the Ermenek River Basin, there are
totally 26 rainfall stations of DMI (State Meteorological
Organization), including stations which had been deactivat-.
ed. '

There are 3 rainfall stations being presently operated
w1th1n the basin as listed below.

(1) = Goktepe
(2Y Kazangi
{3) - Ermenek

The locations of these stations are shown in Fig. C1.
Mean monthly_aﬁd annual precipitation values at the selected
stations are summarized in Table C2. '

3.2 Mean Annual Rainfall

Mean annual rainfall of the Ermenek River Basin at the
Ermenek Dam site is 946 mm (1965 -1987) , based on the ischy-
etal map shown in Flg. Cl. Table C6  shows. the seasonal
distribution of the mean annual rainfall in the Ermenek
River Basin. It is indicated that approximately 80% of the
total precipitatioh.occurs during the winter and spring
season {December-May).

3.3 Mean Monthly Rainfall Pattern
Mean . monthly ralnfall of the Ermenek ba51n is calculat—

ed as an arithmetic mean of the 3 statlons (Goktepe, Kazangi
and Ermenek) and 1ts pattern is shown in Fig. Cs.



3.4 Depth-Area Analysis

Depth-area relation of rainfall for the recorded maxi-
mum storm on 3ist January in 1975 with a duration of 24
hours was studied. Actual storm started to rain 6n.30th‘
January and continued to 1st February in and around the
Ermenek basin. Duration of  the storm is estimated to be 48
hours with a peak on 31st January. Since hourly rainfall
data for the storm were not available, 48~hr depth-area
- analysis was not carried out for the Study. '

| fo cdnstrﬁcting the isohyets of the storm- on 31st
January in 1975, 24~hour depth-area curve for the'Ermenek
River Basin was giQen. 24-hr Isohyetal map during the storm
in 1975 is shown in Fig. C7. The depth-~area curve is shown
“in Fig. 8. The maximum daily rainfall depth of the 1975
‘storm for the Ermenek Dam site (Ca = 2,156 kmé) is estimated
.at 102 mm.

3.5 Depth-Duration Analysis

A dépﬁh—duration curve for Ermenek Dam site was esti~
mated by using depth-area durationIanalysié'performed by
DMI for the Gdksu River Basih,'which-is shown in Fig. co9.
Depth—duratibn less than 24 hours was estimated by the
depth-~duration curve within 24 hours at Antélya, which was
adopted for Oymapinar Hydroelectric Power Project;by pst.

The maximum rainfall depth of the 1975 stdrm:for:a
duration greater than 24 hours was calculated with reférencé'
to the DMi's DAD curve, and was adjusted as follows, and
the results are shown in Fig. C10.



‘Pmax = Max Rainfall ' 102

Duration Depth by DMI (Ca = P'max = Pmax x
(hr) 2,156 km?) (mm) _ : 88
12 65 -
24 ' 88 o S 102
36 _ 121 ' ' 142 *
A8 g . 138 - o . 162 *
60 - S 144 : 168 #
72 160 S 187 *
g4 . 1se . o o221 %
-

96 216 o | o 253"

Note: * means adjusted values,

The maximum rainfall depth with a duration less than 24
hours was estimated below:

Duration (hr) . Depth * (%) Depth. (mm)
Lo24 100 102
18 e 1 99
12 88 ‘ 90
67 68
36 o o 37

22 22

Note: -*) The value is shown as a percentage of the maximum
" “rainfall depth for 24 hr.. ' '

The maximum rainfall depth-duration curve of the 1975
storm for the Ermenek Dam site is alzo shown in Fig. C10.



CHAPTER 4.  RUNOFF STUDY

4.1 Available Runoff Data

The EIE and DSI gauging statlons Jin the Goksu Rlver
Ba31n, “operative or dlscontlnued, are listed in Table Cl.
Runoff records at those stations are presented in Tables C7
to C15. Among the EIiE stations, some stations had been
deactivated due to riverbed changes, ahd new gauging sta-
tions were installed near. the réspectivé previous sites.
The difference between the catchment areas of the ex~ .and

new stations is small. These stations repla¢ed are as
follows; '
| Ex-station New étation'
(a) * 1703 (Even) = 1719 (Kirkyalan)
(p) 1705 (Eksiler) ' 1714 (Karahacili)
(c) 1704 (Selamli) 1720 (Haman)

Also, E1E installed in 1985 a gauging station, No.
1723 (Cavuskéyid), on the Ermenek River near the DSI's
Station 17-14, which is located 1.75 km upstream from the
' goérmel Bridge. Location map of stream,gauginé stations
(17-14 and 1723) is shown. in Fig. Cl1. Both Stations meas-
ured the flow at the same site downstream from the Cavuskdya
village., Staff gauge of 1723 (E1E) is installed at
Cavuskéyl, and staff gauge of 17-14 (DSI) is located at the
Gérmel Bridge. Therefore the flows measured by'béth sta-
tions exclude the flows from the Zeyve Creek which is be-

tween Cavuskdyii village and Gérmel Brldge._

S C - 10



4.2 Reliability of the Runoff Records

The daily discharge raecords at .the Qavuékéyﬁ_village by
ElE and DSI are summarized as follows:

Available Perlod No. ofVWater-

Station of Records "~ level observatlcn
_ per day
17-14 (DSI) 1965 - 1968 1 (8 a.mLy
. 1972 - 1988 .
1723 (ElE) 1985 - 1988 = 2 (8 a.m., 4 p.m.)

The runoff coefflclent at Statlcn 17- 14 was, prellml—
narlly estimated at 0.81 based on the runoff records and -
estimated basin rainfall (Clause 3.1.1 of the Progress
Report 1). The high value of runoff coefficient at 17-14"
1mp11ed that there 1s a p0551b111ty of overestlmatlng the
runoff at 17-14 statlon. To clarlfy this matter, a double
mass curve ‘of monthly mean dlscharqes at 1723 and 17-14
(1985 - 1988) was constructed as is shown 1n F1g Cl?

Also a review of the discharge rating curves and runoff
and water measurement methods was carried out for 17-14 and
1725'etatiohs' Some observatlons concerning thlS matter are
summarlzed beIOW“

'(1)' Both ratlng curves for 17- 14 and 1723 were constructed
crlglnally by DSI and EIE by plottlng the runoff
_measurement records cn 1og 1og paper _ It was observed
that flood flows had been overestlmated by both ratlng
curves. But the ratlng curve of 1723 is more llkely “to
”have a hlgher rellablllty for the hlgh flow range since
it has nore samples with hlgh flcw measurements than
::those at 17 14 statlon. Flow ratlng curves of both
_statlons 1723 and 17 14 are shown in F1g 013
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The reliability of rating curves for the low to medium
flow range at Stations 1723 and 17-14 was studied using
the dailyegauge'height.redords‘available'for'the 3.5
years' period from April 1985 to September 1988. The
gauge heights of Station 17-14 have been read at the
- @Gérmel Bridge onse a day, while those of Station 1723
at the upstream station twice a day.

The geuge heights read at B_e.m. at the above 2 differ-
" ent places_were plotted in Fig. .C14'Fo'see the corre-
_latioﬁupetween.the 2 stations.. A reg?eSSion curve was
'drawn.by'eye' .Although the distribution'range is
rather wxde for the medlum to high flows, it is expect—
ed that the regression curve represents the correlatlon
on the average basis.

“In order to compare the ratlng curves of the 2 statlons
'USlng the above relatlonshlp of gauge helghts, ‘the flow
ratlng curve of station 1723 was converted into a curve
(hereln referred to as the reduced H- Q of 1723) w1th
the ordinate of gauge helghts at Statlon 17-14 (Gérmel
Bridge).

Fig. C15 shows that the reduced H-Q of 1723 is almost
fitting the DSl's ratlng curve for the Statlon 17- 14.
This implies that both the rating curves, ‘even though
the gauge heights have been observed.at the different
places and the flow measurements have been made by the
different organlzatlons (17-14 by pst, 1723 by EIE),
will give almost the same flow, on the ba31s of aver-
age, agalnst the gauge helghts read at 8 a.m.

It is judged that the ratlng ‘curves of Statlons 17 -14
' and 1723 have a hlgh rellablllty for the low to medlum
flow range as far as these are applled to the gauge
heights read at 8 a.m., or probably read at the same

time.
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(2)

)

Being located at the mouth of gorge, water level at
gtation 17-14 may be more influenced by-the flow from
the'zéyve Creek.in the.rainy seasons when compared with

- water level at Station 1723,

Even'thoughfthe diurnal va;iability of flows cannct be
checked since hourly discharge records are not avail-
able, it was observed that during rainy season the

'water_lévels measu:ed at 8 a.m. are relatively greater

than the water levels at 4 p.m. for 1723 station.
Watpr level changes at station 1723 between 8 a. .. ~and

'4_p.m. are shown in Fig. 16, It suggests ‘that there

may bé a periodical change of the water level with a

'period of one day, especially in the spring months.

Since the reason of this phenomenbn'is.not known, it
was proposed by the Study Téam_thap E1E carry out
hourly ocbservations of gauge ﬁeight for 2 or 3 consecu-
tive daysQ These observations may be nade several

times in the spring months, dependlng on the rlver flow

and weather cond1t1ons__ Results of the EIE's_water :
level observations from 26th May to 31st May, 1990

'indicatedzclearly that the diurnal change of the flows
.are observed and the wvater levels measured in the
- ‘morning (7 a.m.)} and greater than the water levels in

the afternoon (5 p.m.). The diurnal change of the
water levels are shown in Fig. <C17. o

The past fiow records-of Station 17-14 had been ob-
talned by convertlng a gauge helght read at 8 a.m. into
a flow, whlch had ‘been treated as the mean flow of the
day. This can cause a larger dally nean flow, on those.
days in the épring months, than that of Station 1723,
which was obtained using an average gauge height of 8
a.m., and 4 p.m. It is, therefore, judged that the .
gaﬁge height reading once a day at 8 a.m. be a reason
of the overestimation of the long~term average flow at
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" station 17-14.

It is judged that the runoff’ records of Station 1723
are more reliable than those of Statlon 17-~14.

' Mean monthly runoff records of Station 17-14 for the

perlod of 1965-1968 and 1972 1984 were reduced by the fol—"

1ow1ng way, to get rid of the above-mentioned overestlmate°

Q 1723 (85—88)'-

.. QY 17-14 = Q 17-14 x
(up to 84) (up to 84) Q 17- 14 (85—88)

0.843 Q 17~ 14 (up to 84)

where . o ' R
Qt 17-14 =-Rev1sed mean monthly runoff at 17 14
(up to 84) up to 1984

1l

Q 17-14 Observed mean monthly runoff at 17-14
~(up to 84) up to 1984

. Q 1723 = Sum of mean monthly runoff at 1723
(85 ~ 88) from 1985 to 1988
Q 1i7-14 = Sum of mean. monthly runoff at 17-14
- (85 - 88)  from 1985 to 1988

4.3 Mean Annual Runoff
Mean annual runoff (1965-1987) at the 5 stream gauging

stations in the Goksu River Basin are presented 1n Table C16
and summarized below:
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‘Mean Annual Runoff of Goéksu River

Station Station Drainage .  Mean Annual Runoff
o . River - T - —

No. Name o Area (km*)  (mP/s) (mm)  (MCM)
"1719 | Kirkyalan Exrmenek 3,499.6. 62.4 562 1267
17-14 Gérmel B. Ermenek 2,000.0 44.6 703 1406
1712 ‘Bucakkisla - Goksu 2,689.2 - - 32.0 375 1008
1720 - Haman ' Géksu 4,304 -b1.,1 375 1612

1714 Karahacili Goksu 10,065.2 129 404 4067

4.4 HMean Monthly Runoff Pattern

Mean monthly runoff pattern at 17-14 (1965 1987) is
shown wlth ralnfall pattern in Flg 6.

It clearly lndlcated the runoffs in March Apr11 and
May are nostly by snow-melt.

4.5 Rﬁnoff.Coefficiants

Mean annual rundff coefficients were calculated for the
Géksu River Ba31n at 5 stream gauglng stations so as to
assesé the relJablllty of runoff data and to clarlfy the
basin's runoff characteristics.. The results of calculations
are summarized in Table 016, ' |

~ As is shown in Table C17, the runoff cqéfficieht at
.17~14 station is 0. 73 after the adjustment. This value of
0.73 is con51dered to be reasconable when compared with data
of the other sub—ba51ns.

4.6 Extension of the Mean Monthly Runoff Series
The 20 yeérsi'meén-monthi&-rdnoff series'deriVed above
{1965- 1987) was ‘supplemented for the 3 missing years from

1969 to 1971, and was extended for the perlod from 1246 to
1964 on the ba51s of the runoff records at 1719 and 1703
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(Kirkyalan) stations. ' These stations are located on the
downstream reaches of the Ermenek River near the confluence
of the Ermenek and Goéksu Rivers. fThe catchment area is
3,499.6 km* at the 1719 station, and 3,584.4 km® at the 1703

station.

The monthly runoff data at the stations'i7—14f(adjusted
for. the periods of 1965'-_1968 and 1972 - 1984) and 1723
(observed for the period of 1985 - 1988) were plotted on a
full legarithmic paper agalnst the records at 1719 and 1703
stations for the periods ‘of 1965 - 1968 and 1972 ~ 1988.
These records present a fair correlation of the two geries
of discharge data. The monthly runoff data of 17-14 (or
1723) station was then supﬁlemented and eXténdedquing the
correlation given kelow: '

Regression egquation:

Logyg Q17-14 = 1.142 L0g1y Q719 - 0.478674
Correlation coefficient : r = 0.9855

‘The meanh annual runoffs are calculated as follows:

Q17-14, 1965-g7 = 44.6 (m7/s)

~ - 20 3

017-14, 1946-g7 =~ 40.4 (n7/s)

The estimated long-term monthly runoff of '17-14 and its'
flow duration curve are shown in Figs. C18 and Cl9, respec-
tively. Also, Table C18 shows the computed longmterm month-

ly runoff series at 17-14.

4.7 Estimatlon of Monthly Inflow serlas of
' the Erienek Reservoir o

' The monthly inflow series ef”the'Ermeﬁek Reservoir were
estimated for the period of 42 years (1946 - 1987), based on
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the_monthly runcff data of 17-14 (1723) station, which is
located at.the-CavuekSyﬁ upstream from the Zeyve Creek.
'Thefefore, it is necessary to estimate the runoff from the
Zeyve Creek, and to finally estimate the inflow at the
proposed dam sife. “The monthly runoff from the Zeyve Creek
was calculated below:

| Ca, Zeyve R, Zeyve .
Q Zeyve = @ 17-14 X b4
' Ca, 17-14 R, 17-14

where
.Q'Zeyve = Estimated monthly runoff in Zeyve sub«baein
Q 17_14_= Adjusted'monthly runoff at 17— 14 (1723)

'cazeyve = Catchment area of Zeyve subnba81n

Cagg-14 = Catchment area at 17- 14 (1723)

RZeyve = Annual mean ra1nfa;1 in Zeyve eub—basin

Ry7.14 = Annual mean'rainfa;l at 17-14
Therefore, __ 

. - \ 156 - 825 -

Qzeyve ~ leelg X 2000 X Gen 0.065 Ql? -14

+

Qprmenek ™ Q17-14 t. Qzeyve = 1:065 Q15,14

- = K 3
QErmenek, 1965-87 = 47:5 m7/s
- _ 3
Qermenek, 1946-87 = 43.0. m/s

The above estimate of 43, 0 m /s for the long perlod of
1946 - 1987 is about 91 per cent cf the estimate of 47. 5
m3/s for the perlod of 1965 - 1987. The hlstorlcal-changeS-
of estimated annual inflows are shown-in'Fig. c20.

Rellablllty of the eetlmated long term average 1nflow
was checked by the comparlson of dlmen510nless re31dua1 mass
'curves of mean “annual’ runoffs at Stations 17 14 and 1720.
‘The Station 1720 is located_near Mut on the Géksu branch
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stream; and has the runoff records for the 42 years from

1946 to 19%87.

As is indicated in Fig. <21, both mass curves have the
gimilar tendency in'geheral such as the long and the most
critical dry years from 1946 to 1964, and the recent recov-
ery periods of flows. The other indices show'the_similarity_
petween the 2 curves as shown below:

Index - o '_ o 17~14 1720

(1} The helght from the top in 1946 . 246 % . 242 %
to bottom in 1965 1/

(2} The mean annual runoff of the | 91 % 88 %
perlod 1946 -1965 2/ ' - . ' S

1/: % to the mean annual flow of 1946-1987
2/: % to the mean annual flow of 1965-1987

Therefore it-is_judged that the long-term average flow
estimated at 43.0 m3/s for the 42 years from 1946 to 1987
should be used in the assessment of the energy outpdtS'bf
the Project, instead of the average value of 47.5 m3/s for
the recorded 23 years' period from 1965 to 1987.

4.8 Estimation of Mohﬁhlﬁ Inflow Series of Nadire;,
iI-A, II-B and Gezende Reservoirs

'For the purpose of assessing the hydropower'pcténtials
of alternative schemes such as-Nadi:é,_IIfA and 1I-B dam
sites as well as reviewing‘the power output of the Gezénde
Project, the mean inflow was estimated for_each dam. '

The inflows of the Nadire; IIQA iI-B. dnd'éezénde Dah
sites were estimated based on the 1nflow of the Ermenek_
Reservolr with adjustments by the catchment area and bas;n
rainfall. . The results of the calculatlon are shown 1n_

Tables C19 and 020._
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4.9 Estimation of Monthly Inflow Series of the Erik Creek

. For purpose of assessing the hydropower potentials of
the Erik Diversion Scheme,  the mean monthly inflow was
estimated based on the relationship of available monthly
mean runoffs at 17-14 and 1715 (Erik-Ilisu) for the 3 years
of 1966, 70 and 71. | |

The procedure of estimation is described below:

- | B o Q1715, annual
QErik,_annual = 917—14, annual -

17-14, annual

QErlk monthly = @i Qprik, annual

where .
.QErik, annual = Annual runoff series at Erik creek

Q17-14, annual = Annual runoff at 17-14

61 5 nmuajl = Mean annual runoff at 1715 in the
715, a a vears of 1966, 70 and 71
51714, annual = Mean annual runoff at 17-14 in the

vears of 1966, 70 and 71
QErik,'mGnthly = Mpﬁthly runcff series at Erik creek

al = The percentage of annual runoff in a
: - i-th month in 1970 at 1715

The monthly distribution of annual runoff in 1970 was
adopted for the dlsaggregatlon into the monthly flows 51nce
the dry season 1n 1970 was the most critical among the three
years. . The resultant monthly runcff series for the Erik
Creek is to yield the conservative inflows for the Erik
biversian Scheme. |

Results of the estimation of QEfik and ai are as fol-
lows: '

a3
Q1715, annual = 3-8 (m°/s)

— . . N . 3
- Q17-14, annual = 44.6 (m7/s)
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thersefore, EE
:3.8

i

QErik, annual * Q_17--14, annual -

44.6

i

0.0852 Q47_14, annual

~Values of ei (%)

J F M A M J

11.8 9.9 10.3 8.4 7.2 6.9

J A 8 o N D Year

7.2 6.9 6.5 6.7 6.3 12.0 100
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CHAPTER 5. ~ FLOOD STUDY

In order to provide basic data for determination of
design flood of the proposed Ermenek Dam, a flood study was
conducted. The flecod study consisted of frequéhcy analees'
oﬁ flood peak flow.and flood volume,.study on the develop-
ment of dimensionless graph, unit graph,-probable.maximum
precipitation énd'probable'maximum flood.  Unitgraph, proba-
ble maximum pre01p1tat10n and probable maximum flood are
separately described in Chapter 6. : '

5.1 Bvailable'Flood:Data.

There is no information concerning floods  of the Erme-
‘hek River Basin except for the annual maximum discharge
récords at 17-14 and 1723 stations near the proposed dan

gite.

After presenting Interim Report, EIE prepared the past
records of hourly water level measurements at 1714 statiQn
near the pfoposed Kayraktepe dam site and relatedfhourly'
rainfaii'durihg flood. Those records were used to correlate
rainfall and river discharge during fiood in dimensionless
graph study. '

5.2 Freguency Analyses on Annual Maximum Flood

Frequency analyses were made on the annual maximum
floods recqrded for the past 18 years at Station-17w14, The
flood records are'lisﬁed in Table €21. The analyses were
made by:the-LogePearSOn Type III method and,the Gumbel
.'method;--Reéultsfof.the ffequency'analyses on the anhual
maximum £loods are presented in Table C22.
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100-~year probable flood in Erik creek was estimatéd
apprbximately 400 m3/s by Creager Envelop curves shown in
Fig. C22. Therefore 1/100-year prcbable flood at the Erlk'
Intake Weir site is estimated at 400 m3/s.

5.3 Frequency Analyses on Annual Maximum Flcod Volume

Frequency  analyses were also made on the annual maximum
flood_volume for the past 17 years to know flood inflow
volume of . the proposed Ermenek Dam. The frequency analyses
were made forzs_flood durations; 1~day,-2~day,ka—day, 5~day,
7-day and 10-day. These flood volume records are listed in
Table C23. Probable flood volume for each fldod duration

was computed 1n accordance with the Gumbel method Results

are presented in Table C24.

The recorded maximum flood volume and 100-year probable '
flood volume are shown below for comparison.

Flood Volume of Ermenek River at 17-14
- (Unit:  10% md)

Duration 'S:;g;ﬁ;qi' 100—year
Flood Probable Flood

1 day 81 : ' 121

2 days 110 167"

2 days 137 | 207

5 days 165 . ' 253

7 days 192 : 306

10 days 235 - : ' L 2g8

The recorded maximum. flood volume cdrresponds_td a
return period of about 5-10 years. . The 100-year probable
flood volume is about 1.5-1.7 times the recorded maximum

value.
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5.4 Typical Flood Hydrographs

Typical hourly flood hydrographs'which were recorded at
1714 station near the proposed Kayraktepe dam site are as
shown in Figs. €23 to C27. '

5.5 Dimensionleas Graphs

Since hourly flood hydrographs of the Ermenek River
Basin were not available, dimensionléss graphs were derived
based'on:flood hydrographs observed at 1714 station in order
to establish unitgraph of the Ermenek River. The dimension-
less graph was derived in accordance with the procedure
recommended by USBR, in which Tov is the time from the
beginning of a unitgraph to the center of its volume.- '

The dimensionless graphs are shown in Figs. C28 to C32
in which g denotes discharge in m3/s; D duration hours of
unit rainfall; and Lg log time between the center of unit
rainfall and the ‘time of occurrence of one-half volume of
direct runoff. ' ' '

Results of dimensionless graph study are summarized as

follows:
Flood for Hydrograph Analysis
Date ‘ _' Pea% Flow - - Tov
. (m°/s) ~ (hr)
Dec 1967 814 ' 27.70
Jan 1971 727 45,96
Dec 1971 - . - . 941 . 41.67
Dec 1973 . 523 - - . 29.65
Feb 1975 - . - - 1,030 -  44.35
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CHAPTER 6. DERIVATION OF PROBABLE MAXIMUM FLOOD

A depth- dufation curve of the'19?5 storm for the Erme-
nek Rlver Basin at the proposed dam site is dlscussed in
3.5. For maximizing the 1975 storm to. obtain PMP (Probable
Maximum Preclpltatlon), mclsture maximization factor was
firstly determined. Then seasonal variation of PMP is
studied in order to estimate the PMF with and without snow-
melt conditions.  Unitgraph is derived based on the dimen-
sionless graph to convert PMP to PMF. After determining
snow-melt runoff, base flow and rainfall loss, PMP over the
Ermenek Dam site is finally converted into the PMF for the
proposed Ermenek Dam,

6.1 Persisting 12-Hr Storm Dew Points

The vapour pressure records observed at the follow1ng
meteoroleogical stations were- studled to estimate the repre-
sentative persisting 12-hour storm dew points for the Erme-
nek River Basin. The locations of these 4 stations are

shown in Fig. Cl. -

station o . Measurement Period
Ermenek | 1965 - 1987
Hadim 1965 - 1987
Alanya ' 1960 - 1987
Anamur : 1960 - 1987

The maximum persisting 12-hour dew p01nt was estlmated
from the maximum persisting 12~-hour: vapour pressure as it
was readily available on the daily observation sheets.  The
observations have been made 3 times a day at 7 a.m., 2 p.m.
and 9 p.m. Only those persisting lzéhour'Vapouf pressures
which were recorded when a rainfall of more than 10 mm was
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observed during the same period were selected., An envelop-

'ing'curﬁe of the maximum vapour pressures was drawn for .each
of the above 4 stations aﬁd is shown in Fig. €33. 1In estab-
lishing thOSe eﬁve1bpihg.curves of the vapour_préssﬁre, the
recorded 2nd and 3rd order maximum monthly values were also
plottéd_to achieve the bhetter representation.

As is indicated in-ﬁHanﬁal for estimation of probable
maximum precipitation” by WMO, dew-point records shorter
than about 50 years are ﬁnlikely to yield maximum values
representative of maximum atmospheric moisture. Theréfore,
a frequency analysis of the monthly maximum persisting 12-
hour vapour pressure was made. January and February were
selected for this analysis in order to maximize the makimum
storm on 31lst January 1975. Value for the 100-year return
period was adopted for this study, but values of SDFyear
return périod were shown  for compdrison. Results of this.
analysis are shown below;

Station. Month Recorded Probable V. Pressure (mb)

Maximum 100-year 50-year
Ermenek  Jan. 7.3 7.9 7.5
. Feb. 6.8 8.7 8.1
Hadim Jan. 6.2 8.1 7.6
"Feb. - - 6.1 8.4 7.9
Alanya Jan. 14.6 - 17.5 . 16.5
- Feb. 13.4 16.2 15.4
Anamar = Jan. 15,9 18.9 - 17.7

Feb. 15.1 16.7 15.7

6.2 8torm Dew Point on 31st January 1975

Storm dew point is estimated for the observed maximum
rainstorm on 31st January 1975 as follows;
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Station Vapour ' Dew point  Dew point

Station elev, pregssure ' at Station at sea level
| (m) “(mb) (c) Ry
Ermenek 1,250 = 5.6 Co-1i2 5.5
Hadim 1,500 5.7 1.0 7.3
Alanya 7 11.3 ‘ g.8 8.8

Anamur 5 14.1 12.1 12.1

Ermenek and Hadim statiohs are located leeward from the
heavy rainfall-area; which is mainly the southern slope of
the Toros Mountain facing the Mediterranean Sea. - Sea level
dew points at Ermenek and Hadim stations are relafively
lower than those of alanya and Anamur Stations. ‘This is
because the moist air mass inflow from the sea had lost
conSidérable‘amount of its moisture as the rainfall over the
heavy rainfall area when it arrived at these'stétions,
Therefore dew points at Ermenek and Hadim do not represent
the dew point of the moist air mass inflow, which is the
sourcerof_the typiCal storm over the Ermenek River BRasin.

Dew point at station level was firétly reduced to sea
level {1,000 mb). The representati#e'starm dew point vas
calculated to be 10.5 °C as an average of 2 stations, Alanya
and Anamur, both of whiéh are 1ocated windward to the pfe-
vailing wind direction during storm.

6.3 Maximum Dew Point

Maximum dew point probable arcund the day”éf 31st
January was estimated below with the same procedure as (2).
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Station Vapour ~ Dew point ‘Dew point

o elev. pressure at Station at sea level
Station (m) (mb) (°C) (°C)
' : 100 50 100 50 100 50

yr yr  yr - yr . yr - yr

Ermenek 1,250 8.7 8.1 5.0 4.0 11.2  10.7
Hadim 1,500 8.4 7.9 4.5 3.6 12.5  11.7
Alanya 7 17.5 16.5 15.4 14.5 15,4  14.5
Anamur E 5 18.9 17.7  16.6 15.6 16.6 15.6
Average of Alanya _ _ ‘
and Anamur : ' ’ . 16.0 5.1

6.4 Moisture Maximization Factor

' Based on the storm dew point and the maximum dew point
probable around 31st January, MMF was determlned u51ng the
follow1ng fornula. '

LI ='precibiﬁable5water in a saturated pseudcadiabat~
ic atmosphere from the qround base of m01sture
column (h) to the helght of 300 mb, correspond-
ing to the maximum per51st1ng 12-hour 1,000 mb

‘dew point (wet-bulb potentlal tenmperature, t2}.

ey = ﬁrecipitable-water in a saturated pseudcadiabat-
ic atmos?here from the ground (h) to the height
of 300 mb, corresponding to the storm 1,000 mb
dew point (t1).

Base'elevation of the moisture column is determined at
1,700 m as the mean elévation'of the mountains barrier
between the molsture gource in the Medlterranean sea and the
Ermenek River Basin.
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~The moisture maximization'factor is then obtained
below; | '

.- Storm dew point  : t1 = 10.5 °C
- Maximum dew point : t2 = 16,0 °C

- MMF

(37.6 - 18.1) / (23.5 - 12.4)
19.5 / 11.1 '
1.76 = 1.8

i

Fig 034 shows the depths of pre01p1table water in a
column of air (U.S. National Weather Serv1ce)

6.5 Probable Maximum precipititicn.

The PMP for the Ermenek Dam site is then derlved in
accordance with the procedure as summarlzed below,

(1) Maximum rainfall depth-duration curve for the Ermenek
Basin at the proposed dam site, which was obtained in

Chapter 3.5 was used for PMP estimation (see Fig. c10).

(2) Maximum rainfall depths were multiplied by the previ-
ously obtained moisture maximization fadtbr of 1.8.

The PMP over the Ermenek Basin thus obtained is pre-
sented in Table €25 and summarized below.
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PMP over Ermenek Basin

' , DD.oﬁer . ' PMP
Duration 2,156 km? - DD'x 1.8
(hr) - o A{wm) (mm)

1 - 22 40

6 68. 122
12 - 162
24 o 102 Lo 184
48 162 s 292
96 . 353 455

6.6 Seasoﬁal variation of EMP

In the G&Ksu River Basin, where the maximum flood is
likely to result from a combination of snow-melt énditain~
fall, it is necessary to estimate the seasonal variation of
PMP so that a combination of snow4melt and rainfall can be
'.evaluated to derive'a PMF for'Spring months.

" For the purpose of constructing PMP for‘fhe'éntire
snow-melt se3$on, seasonal enveloping curve of PMP was
drawn, based on the following procedure, as is indicated in
'“Manual for estimation of probable maximum prec1p1tat10n“ by
WMO.

(1) 'ﬁaximum daily'basin mean rainfall in each month from
' January to Aprll ‘in each year, aVeraging“the vaiues of
"Ermenek Goktepe and Kazangi statlons in the Ermenek
River Basin, was plcked up. the maximum values wvere
plotted against date ofloccurrencé; and a smooth sea-
sonal developing curve was then drawn. The seasonal
pattern of max1mum daily prec1p1tat10n in the. Ermenek_'
River Basin is shown in Fig. C35.

(2) The rainfall scale was converted into terms of percent-
age.
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6.7 Unitgraph

Three Unitgraphs were derlved for unit raln of 1 mm
over the three sub- -basins which were dlvided by ‘the with-
Ermenek-dam condition for unit duration of 1 hour based on
the dimensionless graph and lag time ch.'_Flg. C©36 shows
the 3 sub-basing in the Ermenek River Basin. Time Tov is
defined as a time from the beginning of rise of net hydro-
graph to center of its volume. Tecv is substituted for lag
tine (Ig + D/2) when the available rainfall data are limit-
ed.

Time Tcv of the Géksu River is checked for the 5 floods
recorded at 1714 station as summarized below.

. Time Tcv of‘Géksu River at 1714

Date _ TCV o geak

(hr) m~/s)
Dec 1967 27.70 814
Jan 1971 . 45,96 | 727
Dec 1971 - 41.67 941
Dec 1973  29.65 | 523
Feb 1975 _, 44.35 1,030

' For each sub-basin A, B and ¢, two-cases'of_lag time
(Lg +D/2) were estimated based on the Snydef'sfcoefficients
ct, tp and tp‘, and Q peak over the Gdksu Rivér Basin.
Results of calculation of Ct, tp and tp' fbr 5 floods are
shown as follows. ' |
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Values of Ct, tp, tp' and O peak

Date of tr'  tp' . tp ct tp Qpeak

Flood (hr) (hr) (hr) E -~ (tr'=1hr) (m3/8)
Dec 1967 14 25  22.52  1.0572  21.75 814
Jan 1971 - 12 20  17.81  0.8361  17.25 727
‘bDec 1971 10 26  24.61  1.1558  23.75 941
Dec 1873 9  23.5 22.61  1.0450 21.50 523
Feb 1975 24 28  23.05  1.0821  22.25 1,030

To construct the unltgraph for the Ermenek Dam 51te,
the fo¢1ow1ng two cases were contemplated:

(1) Flood with the shortest tp
Flood: Jan 1971
tp : 17.81 (hr).

{2) Flood with the largest Qpeak
- Flood: - Feb 1975
Qpeak: 1,030 (m3/s)

‘Results of the calculation of lag time (Lg + D/2) and
Peak dlscharge qp (m /s8/mm) -for each sub-basin A, Band C
based on the Snyder s coefficients ct, tp and tp' of 2
floods selected above are shown.in Tables C26 and C€27. The
three unitgraphs for sub-basins A, B, €. and total unitgraph
for the Ermenek dam site are presented in Tables C28
and €29, and depicted in Figs. €37 and C38.

Base length of the unitgraph for the Ermenek dam site
by 2 cases are as follows' ' :
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"Base lendth-

Flood : Base Length (hr)
Jan 1971 - 67

Feb 1975 1 . 58

:'Thé basin lag tp‘and (LE/$0'5) relation for eééh sub-
basin was checked by the equation by Linsley. Results are
shown in Fig. €39 and Table C30 and summarized below.

Basin Lag t'p (hr)

Sub-basin LL/s?-5 _ - -
St. 1714 - 8t. 1714 - Seyhan D.
Feb. 1975 Jan. 1971 = Mar. 1980

A 129 10.5 8.5

B 53 : 6.5 5.5

c 14 ' 5. . 4.5 2.5

The figure C39 suggested that even the lags given by
the Seyhah flood is not very short. However, the lag time
given by the January 1971 flood at station 17-14 was adopted
in this study to derive PMF, giving weight to the flood
recorded  in the basin and adopting-the shorter lags between
the two to be congervative in termg of fleood magnitude.

6.8 Rainfall Loss

Initial rainfall loss is neglected assuming that whole
the Ermenek Basin is sathrated'by antecedent rainfall in
such an extreme storm like PMP. While the retention loss
rate after the saturation is assumed to be constant at 2.0
mm/hr, which value has been commonly adopted.for most’Of the
projects such as Mut, Gezende and Kayraktepe hydropower
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projects around the Ermenek River Basin.

The above constant loss of 2.0 mm/hr was adopted be-
cause of the limited availability of data. This needs a
future review throﬁgh ahalysis based on the actual records
of hourly rainfall and runoff to be observed in the baéin.

6.9 Bnow-Melt

Snow-melt runoff and its maximum rate were'previously
computed by EI1E for the Ermenek River Basin ﬁsing the
degree-day method. Results are shown in Table €C31. Results
of this estimation were applied to this PMF analyses.

.6.10 Base Flow

The mean daily discharge hydrographs of 17-14 station-
" was analyzed. The maxim base flow discharge is assumed to
be 100 m3/s. '

6.11 Probable Maximum Flood of the Proposed Ermenek Dam

The PMP for 96-hour duration is rearranged to hourly
'rainfalls with its peak at one fourth from the end of the
duration maintaining the depth-duration relation. The
results are presented in Table C25.

This hourly hydrograph of the PMP for the Ermenek Dam
is converted to PMF using‘thé unitgraph. As was explainéd
in Chapter 6.6, two PMP were constructed. One is PMP for
January without~snow-melt condition, the other is for April
ﬁithmsh6w~melt condition. PMPIfor'April was obtained by'
reducing the PMP for January based on the seasonal maximum
‘daily precipitation curve shown in Fig;'CBS. PMP for Aprii
is approximately 75% of the PMP for January. Both PMP and
resﬁitaht PMF:forIJanuary and April are shown in Figs. €40
and C41. -
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Regults of PMF for January and Apfil are summarized
below; '
(Unit: n3/s)
' ' Snow-melt - T
P me_-t .

M??th By_ MP plus. base flow. ‘.,T??a;,_
January 5,800 100 5,900

April 4,100 1,300 5,400
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CHAPTER 7. SEDIMENT AND WATER QUALITY STUDY

7.1 available Sediment Data

EIfE has carried out suspended sediment sarpling at
1723 (Qavuskdyl) since 1985. Suspended sediment sampling
data are shown in Table C32.

7.2 Sediment Rating Curve
Sedlment ratlng curve is generally approxlmated by a

stralght line on a full- log-paper as shown in Fig. C42. The
line can be expressed by the following equatlon

Qs = a x_Qb
- where, :
= guspended sediment transport in ton/day

Qs

runoff in m3/s

o
I

a, b= parametef depending on the basin characteristics
The_above equation can be transformed as follows,
log (Qg) = log (a) + b x log (Q)

The parameters a and b of.the sediment rating curve are
obtained as shown below.

-_log.(Qs) = 1og'(é.405) + 1.65 log (Q)
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7.3 Bediment Inflow into the Ermenek Reservoir

Suspended sediment transport for the Ermenek River
Basin is computed based on the daily runoff records at
Station 1723 from 1985 to 1988 using the sediment rating
curve shown in Fig. C42. '

‘Mean ‘daily suspended sediment transport of the Ermenek
River is then obtained to be 288 ton/day. | S

The sediment inflow into the proposed Ermenek Reserv01r
15 estimated as described below. '

(1) Mean suspended sediment transport obtained at 1723:
288 ton/day ' . I

(2) Adjusted for runoff fluctuation_within'a day (assumed

to be 1.2 times of the value by daily mean basis): 346
ton/day B

(3) Adjusted for such probable larger floods expected

during the 100 years operation'thén'the’ever'occUrredl

in the 4 years runoff records used (assumed to be 2
times of (b)): 692 ton/day

(4) Specific weight of sediments after deposited 'in the
reservoir: 1.2 ton/m3 '

(5) Specific annual suspended sediment volume: -
(3) x 365 days / (4) / 2,000 km*: 105 m?/km* /year

(6) Mean specific bed load (aééumed to be 20% of (5)):
21 m3/km? /year

(7) Mean specific sediment inflow ((5) + (6)):
130 m3/km2/year
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Thus the mean sediment inflow volume is estimated to be
130 m3/km2/year. It corresponds to an annual denuded depth
of the land of €¢.13 mm, '

Assuming that a trap efficiency of sediment inflow by
the Ermehek Reservoir (Ca = 2,156 km*) is 100%, the mean
'annual reservolir sedimentation is calculated to be 0.28 x
106 m3, After the 100 years operation of the Ermenek Reser-
voir, the total sediment deposit volume would be around 28 x .
106 m3, |

7.4 Water Quality

Water sampling for chemical analyses has been_darried
out by EIE at Station 1723 since 1985. The results of the
chemical analyses are summarized in Table C33.

Among those chemical values, a value of pH indicates
that the analyzed water is either acid or alkaline. The
study onithe relation between the value of pH and corrosion
of metallworks at hydroelectric power statiohs in Japan
indicated that the water with the pH value below 4.5_most1y'
- causes the corrosion on the metal works at power station.
the watef on the Ermenek River Basin is alkaline, with the
average value of 8.0.
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‘Table C7 ~ MONTHLY RUNOFF OF ERHENEK RIVER AT 17-14
{Unit: MCH)

Year  Jan. feb. Mar. Apr. May Jun, Jul, Aug. Sep. Oct. -Nov, Dec. . Annual

1964 . o - S ' 22,7 314 124 .
1965 - 238 382 466 273 8.4 352 2.0 190 25.0 465 145 1,720
1966 412 173 318 415 218 88.9 38.8 25.4 23.0 16.0 SLA4 441 2,221
1967 252  79.7 201 500 33 1M 5L 35 204 33.9 112 171 1,91
1968 331 168 405 605 357  99.2 47.1 323 29.9 o B

1969 . - -
1970 . ' - ' S
1971 . g ' 50,4 41,5 100 -
672 507 4.8 192 340 157  53.2 36.1 20.8 269 66.5 5L.7 38.5 L7
1973 33.2 640 161 205 104 3.6 243 20.8 19.2 257 3.0 121 857

1974 387 633 266 115 6.6 3.2 23.9 2.8 226 28.4 43.9 212 920
1075 178 133 314 559 286  92.1 43.6 31.4 26.6 40.1 85.2 82.1 1,872
1976 152 100 197 524 238  80.2 47.0 35.3 318 65.4 70.8.258 1,821
1977 103 183 222 340 201  66.4 40.2 30.2 29.2 34.0 33.6 66.6 11,339
1978 200 . 246 261 364 244  78.5 40.1 20.6 281 129  57.8 168 1,818
1979 M3 200 203 187 121 764 4.0 35.6 337 3.6 108 172 1,563
1980 218 113 311 518 282 91.6 4.8 3.9 305 170 20.6 107 1,793
1981 169 131 361 450 274 114  55.7 -20.2 16.4 23.0 161 485 2,269
jg82 268 8.1 117 - 343 202 113 380 2.6 23.0 4L5 319 70.6 1,357
1963 61.3 76.2 191 426 222 5.4 18.8 127 10.9 36.8 236 268 1,502
1081 164 19 265 388 248 56.2 346 322 2.8 28.6 855 57.8 1,58
1985 11 1290 20 M 115 454 202 23.8 Ba B2 - T8 -
1086 233 137 223 243 92.9 1.6 32.1 26.2 24.4 25.4 36.0 B%.5 1,214
‘1987 236 143 152 421 531 207 53.3 5.4 30.1 281 60.9 69.4 1,967
1988 52.0 99.0 226 474 292 . 73.9 AL5 3.9 27.2 -
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Table C8 . MONTHLY RUNOFF OF GOKSU RIVER AT 1702
o ' : (Unit: HCH) -
Year  Jan. Feb. Mar. Apr. May  Jun. Jul. Aug. Sep. Oct. Nov. Dec.  Annual
1940 . | '29.3 193.
1981 112, 139, 153. 135 . 59.9 .9 445 426 3.7 40.3 355 45.4 80
1992 8.9 785 268, 342, 1B, 505 30.0 26,9 267 334 719 818 1,247
1943 80.0  61.2 101, 270, 172. 423 30.5 27.2 261 305 307 321 908
188 47.8 145. 241, 220, 149, 553 30.0 27.8 26.0 28.7 30.0 421 1,05
1945 519 563 90.6 325, 268. 86.0 333 283 264 2.6 319 044 1,122
1996  69.9 61.1 127. 294 128, 5.1 327 200 2.1 311 201 70.1 o4
1947 713 98.6 165. 119, 610 40.5 30.1 26,9 26.0 27.2 63.5 128. 857
1918 127, 102. 93.3 230. 183. 63.3 43.8 35.6 27.2 281 27.6 30.1 _ Ol
1969 30,5 33.7 . 108, 201 427 315 2.7 2.6 '25.4 280 28.2 79
1950 30.6 35.9 120. 154, 7.0 342 26.9 252 24.0 5.6 24.4 2.1 61
1951 33.6 41.6 119. 977 612 36.8 26.0 20.8 23.4 331 28.0 42.7 568
1952 47.4° 114, 147, 205 953 30.7 28.5 25.2 23.6 201 3.7 59.9 847
1953 89.3 184, 104, 345, 184, 58.5 30.8 24.8 28.2 97.8 185. 167, 1,468 |
1950 9.4 106, 205. 230, 103, 37.3 %7 3.7 232
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‘ Table C9 MONTHLY RUNOFF OF GORUSU RIVER-AT;1712

(Unit: HCH)

1983

39.1 25.6

Year ~ Jan. Feb. Mar,  Apr. ?Hay dun.  Jul. Aug.  Sep. Oct. Nov. Pec,  Annual
1960 | _ o s 20 573
1962 . 45,9 857 190, 13 85.5 353 2.2 205 19.7 228 254 166. 856
1963 148, 171. 169, 200. 120, 597 2.9 25.4 23.5 265.0 256 421 1,081
1964 26.5 40,1 100. 732 S0.5 424 235 229 20.5 218 23.5 75.5 520
1965 865 18%. 231, 238 128. 50.3 293 23.8 23.0 5.3 263 LI 110
1966 213 130, 185, 216, 102. 4.6 2.0 23.2 22.4 23.3 283 127. 1,142
1967 103, 57.0 191. 342 212, 60.6 36.2 26.9 247 26.6 434 727 1,196
1068 146, 150, 317. 293, 156, 50.8 301 25.4 25.3 28.6 78.9 195. 1,502
1969 174, 187, sqé.' 198, 183, 510 32.2 26.0 29.5 32.6 31.8 107, 1,32
1970 107. 107. 217. 173. LS 3.5 27.4 22.9 20.4 2.6 3.7 56.8 917
1971 89.0 551 188, 235. 7. 400 2.0 246 2.7 2.0 277 108. %40
1072 40.0 63.7 198, 284. 921 43.0 287 23.6 22.5 30.8 20.3 25.9 842
1973 207 6.4 9.9 102. 423 25.9 2.6 20.4 198 21.2 2.6 413 479
1974 25.6 3.2 173, 62.2 3.6 2.7 205 19.9 191 23.5 237 97.4 5
1975 101. 111. 274, 352,  174. 627 33.4 273 24.2 346 418 448 1,281
1976 735 4.7 187. 309, 1%, 4790 303 2.0 2.7 478 8.5 .162. L5l _
1977 744 172 18. 266, 16 49.9 3.6 25.9 243 2.2 f5.2 M4 1074
1978 15, 160. 194, 249, 126, 445 26,3 22,8 22.4 (355 365 5.0 1,089
1979 148, 18. 8. 1.4 58.6 651 208 23.8 2.5 5.3 421 8.3 818
1980 14, TR0 232, M5, 164, 527 27.6 25.4 210 204 256 50.8 1,119
181 15, 180, 293, 23, 142, 7.6 343 204 19.5 2.2 3.0 198, 1,39
1982 2. 627 1. 206, 9.9 A1 2.2 241 2.8 2%.4 250 312 73
1983 ;isé.a 43.0 186. 281. 9. 435 23.8 éﬁl? 9.2 2.3 4.9 n3. 9
1984 | 75.5 119, 186, 206. 127. 3.3 250 23.2 2.0 2.2 3.4 3.4 81
1985 60.9 68.2 127. 194. - 65.2 32.3 214 20.3 18.9 384 110, 405 797
1986 111, 0.5 120. 105. 3.3 412 24.4 20,0 18.8 2.0 30.0 46.8 702
1987 140, 114, 142, 260, 217. 72.4° 30.5 22.5 207 23.4 46.0 57.0 1,146
48.2 811 188, 250, I13. | 2.7 204




Table CL0 MONTHLY RUNOFF OF GOXKSU RIVER AT 1714
' : {Unit: MCW)
Year  Jan. Feb. Mar. Apr. Hay  Jun.  Jul. Aug.  Sep. Oct. Mo, Dec.  Annual
1952 : _ 78.4 207. 428, .
1953 625, 1023, 482, 1683. 018, 346, 178, 141. 128, 131, 133, 136. 5,97
1954 - 266.  332. . 667.  939. 550. 202.. 130. 112, U105. 118. 163, 725, - 4,329
1955 495, 400, 390, . 413. 283, 143, 14, 106, 101. 107. 231. 269, 3,052
1956 205,  440. 421, 682, 357, 157.  110. 100,  96.5 105. 106, 128, 2,908
1957 127, 151, 382.. 295, 185. '117. - 95.6 84,0 . 83.7 115, 114, 343, - 2,092 ..
1958 638. 330, 415, 375, 195. 120.°  79.0 70.7 69,9 75.7 75.7 144. 2,588
1959 576, 236, 331, 464, 239, 10L. ~ 80.2 7.5 69.8 118, 138, 183, = 2,607
1960 316.  205. - 392. 513, 232. -127. 106. 103, 96.3 98,6 103, 203, 2,686 -
1961 246,  509. . 385, 650, 250, 127, 111, 9.3 89, 114, 117, 331 3,042
1962 - 215, 373, 684, 463, 368. 138, 111. §01. 104, 143, ‘121, 803, 3,714
1963 660,  793. - 623, - 904.. 516,  266. .173. 122, 114, 123, 124, 166.  4.685°
1964 123, 184, 38l. 281. 219. 148, 101. _ 91.0 87.9 94.9 117. . 290. 2,118
1865 326, - 575, 830.° @42, 517, 243, 141, 115, (106. 123. 148, 353, 4,319
1066 864, - 459, .622. - 724. 393. 199, 123, 107, - 104. 110, 169, 555, - 4,429
1967 495. - 245, . 6§95, 1051, 671, 244, 158, 127, 115, 122, 233. 306,  4.362
1968 . 623.  AR6. 1020. 1047, 623. 264, 161, 128, 136. 152. 277, 695, 5,572
1969 986, ~ 6§29. - 1022,  675. 574, 272. 192, - 166. 161. 187, 202, - 547. . 5,613
1970 506,  SM. 713, 649, 379, 220, 165. 144. 124, 151, 183, 235, 3,880
1971 357, 258, 568, 687. 420, 192, 128. 119. 109, 134, 143, 340. 3,450
1972 166. .236. 559, © 754. .417. 200. 139, . 121, 106. 183. 150, -132. . 3,163
1973 123, 179. 333, 366. 213, 105, 6.6 - 79.2 87.0 102. 106, 231, 2,01
1974 130, 168. 563, 277, 169, 96.4 3.6 71.7 71.3 .102. 1D3. 440. 2,274
1975 395, 437, 827. 1173, 639. 289, 161, 120. 103. 134. 216, -213. . 4,707
1976 376, 315, ige. (1109, 548. 231, 153. 128, 11l 214 163.. '598. 4,505
1977 '328. 514, 553. 749, 516. 205, 128, 101,  99.0 120. 118. 175. 3,606
1678  501.  686. 710, B84, 530, 224, 138, 112, 108. 262. 201, 374, 4,738
1979 748,  536. 452, . 395. 284,  220. 124. 101, -. 97.8 120. 242, 419, 3,739
1980 524.  341. 797, 1167, 658. 272, 147, 117, ‘115, 120. 5. 274, 4,686
1981 583. 569, 1054, 995. 608. 307. 159. 105.  93.5 130. - 304, Q5. 5,853
1982 658.  281. 464. 801. 415. 239, .152. 125, 114. 149, 136, 190.- 3,724
1983 228. 228, 563, 974, s05. 209, 131, 113, 107. 121, 201.. 60G. 4,076
1984 400, 452, 555, 705. 472, 188, 128. 112, .98.1 114. 225. 186. 3,635
1985 360, 337, 476. 645. 299, 155, 108. 98.0 91.9 195. 471, .271. 3,507
1986 527. 404, 493, 444, 252, 179, 107. 93,1 89.5 '98.0 134, 219. 3,040
1987 580. 406, 504. 877. 863. 391, 158, 110,  98.3 116, 214, 227, 4,544 |
1988 193,  322. 696. 914. 580. 216, 126. 114, 98.6 '

¢ - 5O



Table €11 + MONTHLY RUNOFF OF ERMENEK RIVER AT 1715
' {(Unit: HCH)

 Year  Jan. Feb. Mar. Apr. May Jun. Jul. -Aug. Sep. Oct. Nov. Dec. - Annual

1965 o . B.96 555 7.37
1966 13.0 107 9.7 918 9.07 8.4 8.07 7.72 731

1967 | '

1968 _
1969 . 3 : 020 8.8 168

1970 16,6 12,5 145 11.4° 101 9.3 10.2 0.67 8.82 9.24 10.2  98.76
1971 10,2 858 12,9 113 1.3 10.1  9.49 9.9 7.5

C - 51



OF ERMENEK RIVER AT 1719

Table C12  MONTHLY RUNOFF
: {Unit: HCM}
Year -Jan. Feb. Mar. Apr. HMay Jun. Jul. Aug. Sep. Oct. . Wov. Déc.  Annual
1945 - B _ o 50.1 - 160,
1986  94.5 103, 200, 476, 220,  63.3 . 33,80 S 20.0 .27.2 "41.3 313 121, 1,841
1947 166. 161 315, 245. 107,  55.8 33.5 '27.4 257 27.7 140. 263. 1,566
1948  228. 207, 158, 350, 228, 62.4 28.9 241 22,5 23.8 23.1 26.6 1,391
1949 459 65.2 162, 362, 411, 62.0 27.6 22.6 22,3 2.3 33.6 30.9 1,267
1950 ° 80,1 53.5 195, 339, 122, 3.8 256 22,9 '21.6 23.3 22.7 253 974
1951 78,5 'B2.6 237, 210. 9L.4. 359 26,5 23.9 23,7 53.2 37.0 88.8 985
1952 76.3 181. 176. 390. 199, 49,7 2.9 23.6 21.6 23.1 1. 175 1,454 ..
1953 262, 383. 207, 682. 636, 213, 61,8 55.8 48.8 61.7 62.5 63.7 2,647
1954 154, 194, 377. 536. 3. 125, 652 52.8 49.1 43.8 '95.3 ‘351.. 2,417
‘1955 253,  236. 228, 255, 168. 64,3 42,6 39,1 37.2 - 39.1 121, 180. 1,663
1956 167. 266, 262, 602, 285, 117, 97.0 9.1 S3.2 35.6 37.7 57.0 1,020
1957  51.6 63.9 212, 174. - 97.4 48,5 357 30.8 29.7 37.6 523 213. 1,047
1958 243, ‘147, 289. 282. 151, L7 385 307 277 30.1 34.5 110, 1,486
1959 256, 104, ~169. 333. 180. 714 50.7 43.0 39.4 63,0 751 120. 1,465
1960 155. 102, 226. 376, 163, - 60.1 42,9 37.5 3.8 387 4.5 153 1,431
1961 104. 298, 214, 381, 148. 8.8 40.2 33.5°. 312 37.1 36.3 142, 1,52
1967 90.2 167. 351, - 256, 209. . 63.3 42.7 34.9 36.7 60.6 44.4 A4l 1,79
1963 333, 398, 340. 623. 325. 138, 69.9 48:2 45.2 452 453 78.4 2,489
‘1064 46,8 92,9 232, 134. 93,7 47.9 3.3 31.8 32.0 30.7 36.7 124, 940
1965  144. 261. 443, 467. 204, 113. 554 41.9 37.8 4B 74.2 237, 2,213
1966 518. 205. 345, 463, 264. 112, - 59,7 45.8. 43.2 44,5 78,8 350. 2,529
1067 271, 109, 259, 69, 395, 136, 747 83.0 - 46.5 536 116. 209. 2,291
1968 330. 185. 475. 601. 385. 143, 67.7 52.4 47.8 62.6 170. 495, 3,015
1969 381, 259. 506, - 372, 322, 117. Y21 :57.6 511 6L9 66.6 262. 2,528
1970 228. ' 268. 380, 385, 200. 102.  61.2 46.5 44,3 57.3 73.8 109, 1,964
1971 150, 111, . 288, 338, 210. 77.6 49.9 46.6 41.9 55.0 54.6 135, 1,558
1972 70.5 105, 240.  380. 207. 82,6 56.0 48.7 44.9 9.2 71.8 548 1,453
1973 49.1 5.9 184. 220, 118. 46.5 35.2 31.6 30.3 358 441 121, LO13
1974 51.0 78,9 281, 134, 80.4 381 32,5 3.4 29.7 42.7 47.3 251, - 1,098
1975 174, 145. 326. 636. 335, 120. 611 4l.4 37,2 537 96.8 932 2,110
1976 185, 131. 286. 604. 205. 931 56,3 44.6 40.8 B9.7 B2 309. 2,179
1977 120, 225, 270. 402, 237, 80,0 48,6 44.1 38,1 43.0 46,3 67.8 1,631
1978 221. 316. 334, 449, 309, 100. 55.7 47.1 4.3 143, /3.2 189. 2,281
1979 ..383. 261. 244. 215, 137, 89.7 50.7 -47.5- 39.3 48.9 115 218. 1,849
1980 256. 144, 368. 501, 330. 114, 52.0 45.6 42,5 43.8 546 136. 2,208
1981 223, 186, - 458. 541. 339, 143. 733 8.7 40.8 46.4 189, 508, 2,776
1982 205. 127. 196, 398. 224, 118, 3.3 43.6 365 531 49.7 7L.3 1,676
1983 - 03,3 94.4 223, 454. 263. 87.1 46.6 38.6 35.0 39.9 189. 298. 1,862
1984 182, 159. 277. 388. 269, - 8.5 47.3 40.1 36.3 381 99.2 70.5 1,693
1085 186. 156. 245. 340. 140, 61.8 40.7 36.3 33.7. 9L.8 255. 118.° 1,704
1986 265. 171. 245. 247. 116, - 68.0 448 38,5 36.2 39.3 47.9 G40 1,413
1987 266. 170. ‘192, 455, 506, 213, 71.3 46.6 40.5 44.3 87,5 847 2,181
1988  70.8. 126. 273, 489. 282. - 90.0 50.0 40.6 35.3 :
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Table C13 - MONTHLY RUNOFF

OF GOKSU RIVER AT 1720

{Unit: MCH)

368.

79.1 60.2 50.4

Year - Jan. Feb. Mar. -Apr. May  Jun. - Jul. Aug. Sep. Oct.  Nov. Dec.  Annual
1945 : S 143, 316, _
1946 220, 262, 335, 419. 191, 58.0 44,1 .42.8 4.4 43,8 41,9 655 1,765
1947 121, 184, 237, 135, 61.4 - 49.7 43.4 415 40.4 41,7 - 81.8.191, 1,228
1948 -195, 214, 166 294, 203. © 74.4 '.49.7 45,9 44,1 255 441 458 1,422
199 47.3 . 46,8 167. 328, 265,  91.9.. 69.5 61.3 8.8 60.1 60.6 67.5 1,324
1950 - 93.0  79.0 157. 188. 140, 67.6 56.2 §2.6 49.3 51 0.4 52,2 1,038
19517 69.3 69.9 151, '120. . 78.4° 52.8 ° 48.0 ' 45.9 44.3 518 48.4 68,1 = 8
1952 79,2 159, 172, 252, 135. .. 69.9. 56.1 . 53.2 49.4  50.% . 67.9 132. 1,277
1953 232, 311, 214, 444, 266. 115. 69.9 - 59.0 567 T 56.9  55.7  60.0° 1,939
1964 123, 174, 277, 209. - 176. 8Ll &7.3 5.6 50.1 62.3 BA.6-177. - 1,575
1955 159, 127, 132. 182. 93.2 47.9 45.2 44.4 42.8 445 741 949 1,047
1956  85.2 183. 158. 228. 110,  50.6 45.1 . 44,1 42,5 44.2 43.3 .45.9° 1,080
1957  46.1 ~ 56.5 159, 117.  67.2 51.3 48.6 44.0 42.6° 48,8 46.2 120, 847
1958 . 208, 170. 212. 180, 120, 90.0 8.9 56,9 53,3 55.6 54.0 94.7 1,347 .
1959 251, 165. 236. 235,  92.6 44.2 42.2 41.2 30.7  59.2 60.8 77.7 1,345
1960 126,  90.6 183. 198.  Bl.4 56.6 51.6 51.0 48.8 51.0 49.7 107. 1,095
1961 110, 212, 178, 274, 111, 62.1. 3.8 47.8 46.5 48.3 48.2 120. 1,312
1962 92,2 148. 343. 179, 129. 57.6 52.4 47.6 48.3 60.4 53.2 3A. 1,53
1963 213, 333, 271, 311, o202, 103. 69.2 57.2 52.9 66.1 554 68.1 1,792
1964  53.6 67.0 144. 101. 77.8 7.1 50.0 45.0 44.9 45.5 45.5 107. 852
1965 133.- 240. 327, 292. -184.  82.2 60.6 49.2 47.2 62.5 53.1 108. 1,620
1966 305, 195. 242. ‘256, 137, 74.9 '56.5 52.5 50,4 52.7 69.8 18i. 1,673
1967 166.  98.6 290. 452. - 268. 102. =~ 67.2 59.9 -55.8 '68.2 79.6 109. 1,806
1968 229. 225. - 386. 318, 194. 101.  66.2 50.9 56,9 61.4 122. 334, 2,153
1969 379, 337, 537. 295, 248. 109, 86.4 79.4 757 83.3 79.8 208. ~ 2,518
1970 187. 186, 285, 227, 130, 79.9 69.8 56.8 54,6 65.4 83,1 104, 1,529
1971 169, 101, 2620 340, 168, 77,5 60.7 57,3 534 61,3 61.9 160. 1,582
1972 76,6 115, 293, 329, 160, 93.9 68.9 &57.8 84,7 69,7 651 60.0 1,444
1973  57.0  68.4 127. 125, 76,2 52,2 52,7 46.1 -44.6 47.9 48.2 70.0. 815
1974 56,6 76,6 211. 98.6 60.1 44.5 40,4 40,8 40.5 50,1 45.8 147, 912
1975 166, 175. 388, 466, 269, 117. 74.8 60.6 52.1 63.3 72.9 B0.11 1,985
1976 - 122, 127. 268,  407. 161. 955 65.4 48.2 48.8 81.1 77.5 205, 1,718
1977 106. 258. 255. 337, 210, 80.6 59.5 54,0 50,3 54,1 57,0 74.5 1,506 -
1978 195, 261, 297. 360, 172, 83.7 60.2 52,7 51,7 771 71.4 103, 1,785
1979 249. 198, 163. 141. 98.3 104, - 61.3 48,3 47.7 57.3 82.9 18, 1,412
1980 192, 130. - 371, 426, 249, 941 64.4 57,5 523 542 59,0 105. 1,855
1981 235, 281. 476, 346, 238, 130. 67.5. 44.7 37.8 59.4 82.0 33, 2,329
1982 204. 80.5 165. 272. 138, . 88.4 59.9 53.5 44.2 48.7 51.4 558 1,261
1983  73.3 72.1 273. 407. 183, 89.3 56,5 49,7 46.1 48.7 83.7 213. 1,595
1984 133, 158. 247, 282. 174, 76,2 56.1 45.2 44,5 51.2°. 72.0 67.2 1,406
1985 122, 122. 184, 243, 101.  60.6: 50.7 47.2 45.1 65.3 152. 85,6 1,279
1986 167. 137. 173.° 140, 111, 79.9 53.9 458 42.6 - 46.8 62.1 80.8 1,140
1087 206. 165, 219, 342, 273. 108, ' 56.3 49,0 . 44.6 46.4 72,8 96.5 1,679
1988 92,2 136. 193. 43.3 :
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Table Cl4  MONTHLY RUNOFF

OF GOKSU RIVER AT 1722

{Unit: MCH)
Year  Jan. Feb. Har. Apr.  May Jun.  Jul. Aug.  Sep. Oct. - Nov. Dec. . Annual
1974 o _ . _ 4.44  6.90 66.2
1975 46.7 543 177. 255, 105, 20,4  B.83 462 276 11.6 2.0 '10.0 . 73
1976 . 34.2 381 119, 240, 85.0 18.6 645 2,58 1.92 27,0 14.9 110, " 698...
1977 34.4 100, 136 215 111, 19.3 7.42 322 321 5.0 4.03 113 650
1978 . 67.8 102. 137. 205. 99.0 17.7 4.38 -2.90 3.39 15.4  18.0 47.6 - 720
1979 952 90.1 85.2 74.8 43.5 52,0 9.80 3.64 '

3.03
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Table €15 MONTHLY RUNOFF OF ERMENEK RIVER AT 1723
: : (Unit:  MCH)

Year  Jan. Feb. Mar_. Apr.  May  Jun. Jul. Aug. Sep. Oct. Mov. Dec. . Annual

985 275, 114, 28.4 191 167 15.6 49.5 179.  66.9
1986 173, 119, 185. 201,  88.8 47.3 22,1 18.0 17.4 18.9 2.6 61.4 o7
1987 199, 127, 48. 9. 407, 178, 520 26.6 23.8 29.0 59.9 B5.6 1,666
1988 49.5 95,2 216. 421. 2%6. 63.9 31.3 27.1 20.2 | '
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SERIES AT 17-14

{2} The value with ** was estimated by the corelation with 1719, :
{3) The values with underlines are original monthly values at 1723: station.

C
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Table C18  COMPUTED LONG-TERM MONTHLY RUNOFF
{Unit: HCH)
Year  Jan. ~ Feb. Mar. Apr. May  Jun. Jul, Aug. Sep. Oct,  Nov, Dec,  Annual.
1945 . : . - o _ S 28,0% 109.3% . ..
1946 50,9% 66.1% 141.0% 379.0* 157.0% 37.9% 18.6* 15.5% 14.5% 23.3% 17.0% '79.8* 1,008 :
1987 113,0% 110,0% 237,0% 178.0% 69,0% 32.8% 18.3% 14.6% 13.5%¢ 14.8% 93.8%193.0% 1,088
1948 164.0% 147.0% 108.0% 275,0% 164.0% 37,3* 15.5% 12.6% 11.6% 12.4*12.0% ‘14.1* - 974
1980 26.3% 39.2% 111,04 278.0% 321,0% 37,0% 147+ 1L.7% 1L,5% 1l.5% 18.4% (16.7* 897
1950 © 56.7% 31.5% 137.0% 258.0% 80.2% 17,9% 13.5% 11.9% 1L.1* 12.1% "11.8% 13.3* 655
1951 45.7% 51.4% 171,0% 149.0% 57.7% 19.8% 14.0% 12.5% 12.3% 31.1% 20.5% 55.8% G4l .
1952 46.0% 126.0% 122,0% 302.0% 140.0% 28.8% 14.9% '12.3* 1L.1¥ 12.0% 72.0% 121.0* 1,009
1953 184.0% 296.0% 147,0* 572.0% 434.0% 151.0% 50.8% 32.8% 28.2% 36.8+ 37.4* 38,2* 2,008
1954 105,0% 136.0% 201,0* 434.0% 268.0¢ 82.4% 39.2* 30,8* 28.4* 24.9% [60.5% 268.0% 1,788
1955  184,0% 170.0* 164.0* 186.0% 116.0% 38.6* 24.1% 21.9* 20.7* 21.9% /79.4*125.0% 1,152
1956 107,0* 195.0% 102.0% 403,0% 211.0% 76.4* . 61,7* 35.0% 31.1* 19.6% 21.0% 33.6* 1,386 -
1957 30.0% 38.3% 151.0% 120,0% '62.0% 28,0 19.7% 16.7% 16.0% 20.9% 30.5% 151,0» 684
1958 176.0% 99.2% 216.0% 209,0% 102.0% 43.7* 21.5% 16.6* 14.8¢ 16.2% 19.0% 71.2* 1,004
1959 187.0% G6.8% 116.0% 252.0% 125.0% 43.5% 29.4% 24.4% 22.1* 30.9% 46.1* 78.7* 1,022
1960  105.0% £5.3* 162.0% 290.0% 112,0% 35.7% 24.3* 20.9* 19.1% 21.6% 23.4%104.0% 1983
1961  66.8* 222.0% 152.0% 204.0% 100.0% 34.8* 22,6 18.3* 16.9% 20.6% 20.1* 95.3% 1,063
1962  56.8* 115.0% 268.0% 186.0% 148.0% 37.9% 24.2% 19.2% 20.3* 36.1* 25,3% MB.0* 1,285 -
1063  252.0% 300.0% 258.0% 516.0% 245,0% 02.3% 42.4% 27.8* 25.8+ 25.8% 25,9% 48.4% 1,868
1964 26.9% 58.7+ 167.0% 89.2% 59.3* 27.6% 20.7* 17.3* 17.4* 19.1 26.5 108.0 634"
1065 © 96.9*%201.0 297.0 393.0 230.0 82,9 29.7 18.5 161 2.1 30.2 122.0 1,587
1966 347.0 146,0 268.0 350.0 184.0 74.9 327 214 19.4 13.5. 433 372.0 1,872
1967 212.0 ©67.2 160.0 421.0 282.0 96.1 43.1 26,8 24.8 26.6 94.4 "184.0 1,609
1968 279.0 -142.0 341.0 510.0° 301.0 83.6 - 39.7 27.2 25.2 37.4* 117.0% 397.0% 2,300,
1969 204.0% 189,0% 407,0% 286.0% 243.0% 76.4* 44.0% 34.0% 20.7% 36.9% 40.2* 192.0% 1,872
1970 164.0% 197,0% 203.0% 298.0% 148.0¢ 65.3* 36.5% 26.7% 25.2¢ 33.8* 45.2% '70.5% 1,403
1971~ 102.0% 72.0% 214.0% 257.0% 149.0% 47.8% 28.9% 26,7* 23,7 42,5 35.0 84.3 1,083 - -
1972 42,7 63.0 162.0 287.0 132.0 44.8 30,4 25.1 22.7 56.0 -43.6 324 - 942
1973 28.0 70,8 136.0 173.0 87.6 28,3 20.5 17,5 ~16.2 21.7 29.5 "102.0 731
1974 32.6 53,3 224.0 96.9 51.9 -27.1 20,1 18.4 19.0 23.9 37,0 179.0 783
1976 151.0 112.0 265.0 471.0 241.0 77.6 36.7 26.5 22.4 .33.8 71.8 -69.2 1,578
1976 126.0 85.1 166.0 442.0 201.0 67.6 39.6 29.7 26,8 72,0 59.7 217.0 1,535
1977 86.8 154.0 187.0 -287.0 169.0 66,0 33.9 254 24.6 28.7 283 477 1,128
1978 169.0 209.0 220.0 307.0 206.0 66.2 33.8 24.9 23,7 109.0- 48.7 142.0 1,559
1979 289,0° 169.0 171.0 158.0 102.0 64.4 37.1  30.0 28.4 31.7 91.9.145.0 1,318
1080 184.0 95.2 262.0 437.0 238.0 77,2 35.2 28,6 25.7° 4.3 249 90.2 1,512
1981 142.0 110.0 304.0 387.0 231.0 96.1 46,8 17.0 13.8 19.4 136.0 409.0 1,912 .
1982 226.0 68.3 98.6 289.0 170.0 95.2 32.1 23,3 19.4 350 26.9 59.5 1,143
1983 - 51.7 64.2 161.0 359.0 187.0 44.2 158 10.7  9.20 31.0 199.0 209.0- 1,342
1984 138,0 163.0 223.0 327.0 209.0 47.4 29,2 -27.1 23.4 241 7.1 A8 1,332
1985 144.0 109.0 185.0 276.0 114.0 28.5 19.0. 16.6° 15.6 49.5 180.0 67.0 1,203 .
1986- 173.0 119.0 185.0 201.0 88.9 47,2 22.0 ' 17.9 17.4 19,0 2.5 6.3 973 -
1987 109.0 1727.0 148.0 349.0 407.0 178.0 52.8 26.5 - 23.8 28.9 59.9 65.6 1,666
1988  49.6 95.2 216.0 421.0 226.0 63.8 31.3 27,1 20.2 : -
Note: (1) The values with * were extended by the corelation with 1719, -
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Table C21 ANNUAL PEAR FLOW OBSERVED AT -
- STATION 17-14 -

Yeér 4 Date Peak_D%scharge
ay, month m’/s
1965 21 JAN 480
1966 25  JAN | 730 *
1967 | 12 JAN 540
1968 13 MAR o 680
1969 | - | | -
1970 - - -
1971 | - ' i
1972 10 APR | 240
1973 26  FEB - 160
1974 | 15  MAR o 870
1975 20 DEC 560
1976 - . 12  APR 880
1977 .3 DEC - 820
1978 20 JAN 700 *
1979 . - .3 JAN I 880
1980 14 DEC | 1,200
1981 _ 6 JAN . 630
1982 16 NoOv | | 855 *
1983 - 27 DEC 410
1984 1 DpEC - 750

1985 1 APR ' ' 280

Note: * indicates that the value was revised after
rechecking daily water level and discharge
data and rating curves at 17-14 (Ds1)
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Table €22 - PROBABLE FLOOD AT S8TATION 17-14"

(Unit : md/s)

Pfchable Flood

Return Period ' Third Type e
(Yr) o of . Gumbel
Log-Pearson

1.01 S o173 143
1.5 o 465 497

2. o | - 582 | 610
5 . . s04 . as9.
10 1137 1074

25 | 1452 . 1308
50 - 1701 1481
100 ' | 1960 1653_'
200 2233 1824
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~ Table €23  MAXIMUM FLOOD VOLUME RECORDED
AT STATION 17-14

(Unit 106 m}

Duration (day)

Yea.r ’ :

- 1 2 3. 5 - 7 10 -
1966 56 77 96 122 e 184
1967 L 67 102 143 181 138
1968 52 77 9% 137 187 259
1969 - - - - - -
1970 - - - - -
1971 - - - . -
1972 - - - - -
1973 13 26 35 55 - 65 7
1974 . 47 & 82 108 131 155
97 37 50 72 116 182 - 225
1976 s 78 98 135 8 234
wrr ot 50- 69 92 13 145
1978 43 65 - 7% . 92 111 156
1979 70 05 119 146 169 189

1980 ¢ 92 119 153 194 272
1981 29 55 o8 126 162 216
1982 81 110 137 165 192 . 235
1983 20 36 54 87 s 159
1984 & 105 e 18 205 226
1985 19 LTI 52 7 . 107 142




Table C24 PROBABLE FLOOD VOLUME AT STATION 17-14

wnit : 108 m

Returit ' _ Durati.on (day)

Period _ :

ry 1 2 3 5 7 10
.00 6 19 30 . 55 s 52
150 .. 33 54 72 102 S P2 164
2 & 8 nz us e
5 &5 2 18 153 189 23
0 7w 110 140 178 217 281
5 95 133 167 208 253 328
50 108 150 187 23 279 363

100 121 167 207 . 253 306 398

200 1% 18 28 a6 . 332 433

C - 64



‘Table C25 DEPTH—DURA’I‘ION ' :
: © - OF PROBABLE MAXIMUM PRECIPITATION {1/4)

Area Max. : : PMP

Time.(hr). .+ ‘Depth-Duration Depth-Duration P ()
e W) : (o} (mm) __JAN. APR.
0 o : 6 o o0 0
1 2.4 40.3 0.3 4.9 3.7
2 " 36.7 C 661 B8 4 3.7
3 _!.4.6; K 803 4.2 4.6 3.5
4 52.5 %S %.2 4.9 3.7
5 60.4 : 108.7 4.2 4.9 3.7
6 68.3 2.9 .2 46 3.5
7 .9 TN 65 4.9 3.7
8 75.5 135.9 65 4.9 3.7
9 79.1 142.4 6.5 4.9 3.7
10 aé.a' - 4487 : 5.3 4.9 3.7
41 &s.é 155.2 6.5 5.0 3.3
12 89.8 st b4 5.3. 6.0
i3 91'.3' ' 1_6!..3 2.7 5.0 3.8
14 92.8 ©467.0 2.7 5.0 3.8
15 9.4 169.9 2.9 5.3 4.0
1 95.9 2 27 5.0 3.8
17 97.4 175.3 _ 2.7 5.0 3.8
18 98.9 . 1780 27 53 4.0
19 9.4 ~178.9 . 0.9 '_ 5.0 3.8
20 %09 - - 179.8 0.9 2.9 2.2
21 1005 180.9 1.1 2.9 2.2
22 Wi a0 29 22
23 | 101.5° 182.7 0.9 2.9 2.2
2 020 . 183.6 0.9 2.9 2.2
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Table €25 DEPTH-DURATION - . @ . .. -
- -~ OF PROBABLE MAXIMUM PRECIPITATION (2/4)

Area Max. B

Time (he)d Bepth-Duration Depth-Duration P ' (om) -
(mmy e L) (mm) - _JAH. APR.
25 105.3 189.5 59 2.7 2.0
2 sy 195.7 6.2 2.9 2.2
7 e W6 5.9 29 az
8 | 115.3 2075 5.9 2.9 2.2
29 18.7° 23.7 6.2 0.9 0.7
30 ' 122.0° 29.6 59 05 0.7
3 125.3 _ '225.5 5.0 0.0 0.7
32 128.7 37 6.2 0.9 0.7
3 132.0 w76 50 0.9 0.7
% 135.3 243.5 5.9 0.9 0.7
B 138.7 - 249.7 6.2 0.9 0.7
36 ' 42.0 " 255.6 5.9 0.9 0.7
37 143.7 258,7 31 09 0.7
38 145.3 ass 2.8 3423
39 7.0 2646 3.0 2.8 2.1
40 we.? 2677 3 3 2.3
“ o oses 2705 28 34 2.3
42 152.8 e 3.4 2.8 2.1
43 sy 278.7 34 B4 23
&4 155.3 279.5 2.8 3.1 2.3
45 157.0 282.6 3.1 2.8 2.1
46 158.7 5.7 31 34 2.3
47 160.3 288.5 2.8 5.9 4.4
48 162.9 29%.6 34 6.2 4.7
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Table C25 DEPTH"DURATION : :
OF PROBABLE KAXIHUH PRECIPITATION (3 /4)

Area Max. : - PMP

Time (hr) " Depth-Duration Depth-Duration P
(mm)_ _(xm) () JAN. APR,
49 : s 9 0.9 5.9 4.4
50 : - 163.0 934 . 0.9 5.9 44
51 . 163.5 - 2943 0.9 6.2 4.7
52 164.0 sz 0.9 5.9 4.
53 164.5 2964 0.9 5.9 4.t
54 165.0 - 297.0 8.9 6.2 4.7
55 165.5 297.9 0.9 5.9 4.4
58 _ 1860 298.8 0.9 0.9 0.7
57 166.5 C299.7 0.9 2.7 2.0
56 . . 167.0 - 300.6 o 27 2.0
59 167.5 301.5 0.9 2.7 2.0
80 _ . 168.0 302.4 0.9 2.9 2.2
61 SRR TN S a3 2.9 - 2.7 2.0
e 171.2 . 308.2 2.9 2.7 2.0
& - . 128 o 2.8 6.5 4.9
64 © 1743 3.7 2.7 6.5 4.9
65 o 175.9 316.6 2.9 63 4.7
86 S TS : '3_.19.5 2.9 6.5 4.9
67 179.1 3224 2.9 6.5 49
. 1807 | 325.3 2.9 6.5 4.9
2 o 1823 328.1 2.8 -_1@.2' 10.7
70 . 183.8 330.8 2.7 16.2 10.7
7 T X o3 2.9 14.2 10.7.
72 .0 336.6 2.9 25.8 9.4




Table C25 DEPTH~DURATION.

: ’ OF . PROBABLE MAXIMUM PRECIPITATION
: Area _ Max. PHP.
Time ¢hr) Depth-Duration Cepth-Duration P S (1))} :

_{mm)_ i) - (mm) - JAN, APR.

75 189.8 361.6 5.0 40,3 30.3
7% 192.7 | %46.9 5.3 14.2 10.7
75 195.5 - 3519 5.0' 0.9 0.7
76 198.3 356.9 5.0 1.1 0.8
77 200.2 362.2 5.3 0.9 0.7
78 204.0 267.2 5.0.° 0.9 0.7
9 205,38 C372.2 50 0.9 0.7
80 209.7 377.5 53 5.9 i
81 212.5 382.5 5.0 6.2 4.7
82 215.3 387.5 5.0 5.9 A4
83 218.2 © 392.8 5.3 3.1 2.3
8 221.0 - 397.8 5.0 2.8 2.1
85 223.7 402.7 4.9 3.1 2.3
86 226.3 407.3 I 0.9 0.7
87 229.0 412.2 4.9 0.9 0.7
a8 231.7 417.1 4,9 0.9 0.7
89 234.3 421.7 46 2.7 2.0
90 237.0 426.6 4.9 2.9 2.2
91 239.7 431.5 49 2.9 2.2
92 2.3 436.1 4.6 5.0 3.8
93 245.0 441.0 49 5.3 4.0
9% 247.7 445.9 4.9 5.0 3.3
95 250,3° 450.5 4.6 . 4.6 3.5
9% 253.0 455.4 49 49 37

c - 68
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Tabla 28

UNITGRAPH FOR ERMENEK DAM

. EBTIMATED BY JAN. 1971 FLOOD (1/3)

6.93

_-Timé(hrj qA(m3/S) : qB(m3/3). qc(m3/S) Total(m3/5)

0 0 0 0 ' o

1 0.25 0.26 0.22 0.73

2 0.70 1.09 1.12 2.91

3 1.70 3.57 4.00 9.27

4 3,83 9.27 9.19 22.29

5 8.27 16.55 11.51 36.33

§ 14.47 119.06 .59 43.12

7 22.74 16.55 7.19 46.48
8 27.91 12.58 6.07 46.56
9 29,77 10.99 5.11 45.87
10 27.91 9.53 4.31 41.75
11 23,47 8.27 3.60 35.34
12 19.85 7.08 3.04 29.97
13 17.99 6.16 2.56 26.71
14 16.33 5.30 2.16 23.79
15 14.89 4.63 1.84 21.36
16 13.44 3,97 1.52 18.93
17 12.41 3.44 1.268 17.13
18 11.06 2.98 1.08 15.12
19 10.13 2.58 - 0.90 13.61
S 20 9,20 :2.25 0.76 12.21
21 8.27 1.95 0.64 10.86
22  7.55. 1.67 0.54 . 9.78
23 1.47 0.45 8.85
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Table ¢28 UNITGRAPH FOR ERMENEK DAM
| ESTIMATED BY JAN. 1971 FLOOD (2/3)
Pime (hx) qA{ma,’S) q}_,;'(mB/S) qc'(in3/S) ':ot_al:(m3{5)
24 6.20 1.26 0.38 7.84
25 5.69 1.07 0.32 7.08
26 5.17 0.54 0.27 6.38
27 4.65 0.81 0.22 5.68
28 4.24 0.70 0.19 5.13
29 3.88 0.61 0.16 4.65
30 3.52 0.53 0.13 4.18
31 3.20 0.46 0.11 3.77
32 2.89 0.40 0.10 3.39
- 33 2.71 0.34 0.08 3.13
34 2.38 0.30 0.07 2.75
35 2.17 0.25 0.06 2.48
36 1.96 0.22 0.05 2,23
37 1.78 0.18 0.04 2.01
38 1.61 0.17 1.78
39 1.47 0.14 1.61
40 1.34 0.13 1.47
41 1.20 0.11 1.31
42 1.08 0.09 1.17
43 0.99 0.08 1.07
44 0.91 0.07 0.98
45 0.82 0.06 0.88
46 0.74 0.74
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Table €28  UNITGRAPH FOR ERMENEK DAM
ESTIMATED BY JAN. 1971 FLOOD (3/3)

Time (hr) qA(mBIS') _ qB(m3/.S) N qc(NB/S) Tbtal(m:j.fs)
47 . j 0.68 R - 0.68
8 0.62 _ _0,62:
a9 0.56 o 0.56
50 . 0.51 | 0.51
51 0.45 | - 0.45
52 0.41 0.41
53 0.38 ‘ 0.38
54 0.35 o o035
55 0.31 | | ' 0.31
55 0.28 ; | | 0.28
57 0.26 . o - 0.26
58 0.24 | | . 0.28
59’ 0.21 | | 0.21
60 0.20 | - 0.20
61 0.18 ' : 0.18
62 0.16 | 016
63 0.14 - ' ' - 0.14
64 0,13 o 0.3
65 0,12 ' - | 0.12
66 0.11 0.1
67 0.10 | . ©0.10
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Table ©29  UNITGRAPH FOR ERMENEK DAM
. ESTIMATED BY FEB. 1975 FLOOD (1/3)

Pime (hr) an(m3/8) ap(md/8)  qemd/s) T&ta1¢m3/33
0 0 - o o 0

1 1.04 1.32 0.95 3.31
2 2.68 2.87 1.99 7.54
3 4,05 4.56 . 3.37 11.98
4 5.59 7413 5.48 18.20
5 .45 10.58 . B8.63 . 26.66
6 9.86 15.66  17.52  43.04
7 12.60 29.84 11.44 - 53.88
8 '16.21  21.54 6.26 44,01
9 18.62 12.06 5.18 35.86
10 29.58 9.19 4.14 42.91
11 44.47 8.09 3.37 °  55.93
12 37.24  6.69 2.72 46.65
13 27.39 - 5.59 2,20 - 35.18
14 19.17 4.63. 1.77 25,57
16 14.79 : 3.82 1.42 20.03
16 13.47 3.20 1.15 17.82
17 12,27 2.68 0.92  15.87
18 10.95 ' 2.21 0.74 13.90
19 9.75 1.84 0.60  12.19 |
20 8.76 1.58 0.49 . 10.79
21 8.11 1.26 C0.39 9.76
22 6.90 1.06 0.32 §.28
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Table C29  UNITGRAPH FOR ERMENEK DAM N
ESTIMATED BY FEB. 1975 FLOOD (2/3)

Time(hr)  qx(m3/8) ag(m3/8) qe(m?/s) Total (m3/5)
23 6.13 0.88 0.26 7.27
24 ' 5,48 0.74 0.21  6.43
25 - 4.93 0.61 0.17 - . 5.71
26 4.33. 0.51 0.13 L 4.97
27 3.86 0.43 011 - 4.40
28 3.40 - 0.35 0.09 3.84
29 3.07 0.29 0.07 - 3.43
30 2.74 0.24 0.06 - 3.04
31 2.41 0.20 0.04 - 2.65
32 2.14 0.17 0.04 2.35
33 1.88 0.14 2.02
34 1.69 0.12 : 1.81
35 1.48 0.10 ' © 1.58
36 1.34 0.08 1.42
37 1.17 0.07 _ 1.24
3g . 1.06 | _ 1.06
39 0.94 | : 0.94
40 ~0.83 | 0.83
41 0.74 0.74
42 0.66 - | 0.66
43 0.59 : . 0.59
a4 0.53 - | 0.53
45 0.47 . 0.47
46 0.42 | | | 0.42
c- 75
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Table C29 UNITGRAPH FOR ERMENEK DAM
ESTIMATED BY FEB. 1975 FLOOD (3/3)

Time (hr) qp(m3/8) ag(md/sy  qp(mi/s) Total(m3/s)
47 o 0.37 o - 0.7
48 0.33 : R 0.33
49 0.30 ' 0.30
50'-_.' ' 0,26 - SR o 0.26
51 - 023 . 0.23
52 0.21 A 0.21
83 . 6.19 B 0.19
54 : 0.16 - S - 0.16
55 0.14 . 0.14
56 - 0.13 _ o ©0.13
57 - 0.11 ' ' 0.1
58 0.11 - : 0.11

cC - 76 -




Bagin C

Table €30 BASIN LAG TIME IN ERMENEK RIVER BASIN
o Basin lag t’p
River _ _ :
Besin LL/Vs : Feb, 1975 Jan.. 1971
Pasin A 129 10.5 hr 8.5 hr
Basin B 53 _ 6.5 : 5.5

14 5.5 4.5

c = 77
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SUSPENDED SEDIMENT VALUES FOR 1723 STATION (1/2)

Table (32
bate Runoff Concentration Sediment
BN (m2/s) (ppm) (ton/day)
14/12/1985 20.140 7.8 14.
14/03/1986 95.962 74.0 614.
17/04/1986 109.600 148.8 1,409.
23/05/1986 44,027 87.2 332.
- 05/06/1986 22,779 38.5 76.
10/07/1986 8.384 26.3 19.
08/08/1986 . 8.567 37.2 28.
11/09/1986 6.373 5.6 3.
23/10/1986 8.411 5.8 4.
21/11/1986 8.645 13.0 10.
17/12/1986 8.810 15.1 12.
09/01/1987 254.291- 300.3 - 6,598.
118/02/1987 86.968 95.8 720.
20/03/1987 38.430 82.7 275.
15/05/1987 167.956 1138.7 2,013,
13/06/1987 ©101.955 71.0 625.
23/07/1987 - 14.854 3.3 4.
25/08/1987 8.488 7.9 6.
11/09/1987 9.376 11.2 9.
25/10/1987 10.794 28.4 27.
27/11/1987 21.749 17.2 32,
25/12/1987 26.853 57.1 133,
13/01/1988 18.514 19.1 31.
26/02/1988 29.246 36.4 92.
28/03/1988 199,481 1107.1 921.
'22/04/1988° © 108.659 87.4 821.
26/05/1988 54.028 25.6 120.
23/06/1988 34.5 58,

19.339




Table €32 . SUSPENDED SEDIMENT VALUES FOR 1723 STATION (2/2)

Date -~ Rugoff Concentration Sediment

o - _ (mgls) _ ‘(ppm) ~ {ton/day)
19/07/1988  10.367 2046 EEETR
10/08/1988 10.283 - 163.7 S 146,
18/09/1988 7.470 80.3 52,

24/10/1988 | 8.614 283.5 211,

c - 80
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