3.1.2 Water Resources Development Plan and its Present Status -

(1)

Hydroelectric Power Development Plan

A Master Plan for hydroelectric power development plan for the
Coruh River was prepared by EIE in 1982, According to the
Master Plan, the development plan for the basin would conmsist
of construction of 11 dams “aﬁd: power plants with installed
capacity of 2,003 MW aud annual energy production of 7,468 GWh.

The breakdown of the plan is as follows:

Installed Annual energy

_ capacity production
Dam and Power Plant (MW). (GWh)
l. Laleli = . 85.00 180.79
2. Xilicei 2710 74.90
3, Ispir 58.48 276.47
4. Gullbag 64,40 291.55
5. Akus 115.50 355.63
6. Karakale 201.60 . 801.51
7. Yusufeli 417,00 1,445.05
8. Artvin (Inanli) 192.60 © 746,13
9, Deriner (Artvin) 511.00 1,993.56
10. Borcka : 230.00 - . 870.93
11. Muratli 100.00 431,06
Total 2,002.68 7,467.58

With regard to the Yusufeli and Artvin projecté ‘mentioned
above, a Feasibility Study was made by JICA from 1985sto‘1986
as a part of technical cooperation provided by the Japanese

Government,

As for the Deriner, Bortcka, and Muratli projects, it is sche- .
duled for feasibility studies to be completed by EIE by the end
of 1986. Feasibility studies have been started by EIE in 1986

on the remaining 6 projects also,

With respect to tributaries of the Coruh River, according Lo

development plans of the reconnaissance level, 26 power plants
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(2)

would be constructed having a total installed capacity of 866.0
MW and total aunual energy production of 2,414 GWh. The

approximate breakdown of these are as follows:

Total

Total annual
Number installed energy
of power  capacity  production
plants (MW) (GWh)
Noxrth Creeks Development 7 144.6 381.0
Plan
Altiparmak Development Plan 4 223.0  509.6
Berta'DeveIopment-Plan 7 257.5 770.9
Oltu Development Plan 4 159.6 538.1
Lower Coruh Tributary 4 81.5 214 .4
Development Plan :
Total - 26 866.0 2,414,0

Other than.the aboveﬁentioqed plans, there is the Tortum No,l
Hydroelectric Power Plant with an installed capacity 26 MW
which has been constructed on the Tortum River, a right-bank
tributary of the Coruh River, and this is presently in opera-
tion. The power from this plant ‘is conmected to Hopa

Substation by a transmission line.
Irrigation Plan

Altbhough an investigation of recomnnaissance level has been con-
ducted, there is an irrigation development plan for the Bayburt
Plain in. the upstream area of the Coruh river, according to

which.itris planned to irrigate a total area of 27,084 ha,



3.2 General Condition in Projects Avea

3.2.1 Landform and Natufai Conditions

(1) TLandform

(2)

The project area generally consists of steep mountainland. The
principal mountains in fhe project area are Mt. Tatos
(3,937 m), Mt. Kop (2,953 m), and Mt. Cam (3,850 m), with all
mountains having heights of 2,000 to 3,000 m or over forming
divides of rivers. Accordingly, there is extremely litﬁle flat
area, and when confined to the reservoir areas of Yusufeli and

Artvin and their surroundings, no flat area can be seen.

The Coruh ig a river having a total length of approximately
410 km and it originates at the northeastern end of Turkey.

However, its mouth is located inside Soviet territory where the

river empties into the Black Sea. The major tributaries of the

Coruh are the Barhal River, Oltu River, and Tortum River, all
located in the Yusufeli Reservoir. The catchment area at the
Yusufeli dam site is 15,250 km? and the averége annual iInflow
is 3,777 % 106 md. | | )

Natural Coﬁditions
(a) Geology

The basement rocks aﬁ the dam site and'reséfvoir area of
the Project consist of the Berta Formatioq, the Pugey For-
mation and the Yusufeli Formation of the Mesozoic Era and-
Ikizdere granites of the Tertiary Period. The Pugey For-
mation partially consists of calcareous rocks, bul these
are not pure limestone and have interbeds of solution-
resistant or insolublé rocks. Furthermore, the distribu-
tton area of this Pugey Formation is surrounded by
insoluble formations so that watertightness of the reser-
voir 1is assured. The relationship of depogits of the
various formations are the Berta.?ormation contacting the.
Pugey Formation by a thrust fault, and the Pugey Formation

contacintng the Yusufell Yormation by incliped unconfor-



(b)

(¢)

mity. As for the Ikizdere granites, they are large-scale
rock bodies intruded into the various formations.
Further, sinee this project area, seen from a geotectonic
history point of view, is an area that was subjected to
Hercinium orogeny'of the Paleozoic Era and Alpiune orogeny

of the Mesozoic to Cenozoic Eras, there are comparatively

: numerous'large'and small faults.

Seismicity

The edastern part of the Anatolian Peninsula is divided by
two transform faults constituting the plate boundaries of
the North Anatolian Fault and the East Anatolian Fault.
The project area is located approximately 170 km north of
the point where the two faults intersect each other and so
is not in an area along a so-called active fault;

However, it is at distances of 200 to 100 km from the

"~ ecities of Erzincan and Erzurum which have experienced

large-scale earthquakes in the past, and therefore, this

is an area where care must be excercised.

Meteorology

- The Coruh River Basin can generally be divided into con-

tinental climate and Black Sea climate. Continmental cli~
mate is predominent in the ptojéct area, The annual
precipitation is 440 mm and about 50 percent of the amnual
rainfall comes in the wet season of March 'to June. There

is also snowfall in January and February. .

According to the records of Yusufeli Meteorological
Observation Station, the maximum, minimum, and mean tem-

peratures are 43.8°C, -14.3°C, and 14,2°C, respectively.



3.2.2 Natural Environment

(1)

(22

(3)

Scenery.

Places that are especially considered to be scenic spots canmmot
be seen in the project area. However, there is a continuation
of cliffs showing rave férmations' reminiscent of =2 natural
museum of geology in the area along the Tortuun River from the

upstrean end of the reserveir to Lake Tortum,

Vegetation |

"No rare species of plant has been reported so far to exist in

the project area.

The topography of the project area is of rugged mountaims with
little vegetation. Trees exist wmainly scattered at hamlets
along streams, and infrequently, there are short trees at moun-
tainland. Especially, at the dam site sheer cliff rise at both
banks with bare rock exposed and hardly any vegetation. There
is also little vegetatiom in the area to be submerged by crea-

tion of the reservoir.

Vegetation is seen from the vicinity of Artvin downstream of
the project area, from where to the Black Sea coast vegetation

is comparatively abundant,

Animal Life

So far, rare species of either land or aquatic animals have not

been reported to exist in the project area.

With regard to - fishes, there has been no report of the
existence of migratory fish., The extent of fishes inhabiting
the streams of the project area is that some carps and daces

are found and there is no fishing industry.



(4) Water Quality

Warer quality investigations of the Coruh River are being
carried out at the Karsikoy (No. 2315) and Bayburt (No. 2304)
gauging stations. Observations have been made oncé monthly
(1971*1976). According td.the results, pH valués of 6.3 to 8.8
are indicated. According fo the tesults of analyses the water

quality is of €98 class.

Visual observations wmade at the times of the field recon-
naissances carried out in June-July 1985 aund February 1986
showed a substantial amount of turbidity of the river water in
the vicinity of Borcka located in the downstream area of the
Coruh River, However, when confined to the project site,
-impairment of water quality was not seen, except for turbidity

of the river water during heavy rainfall,

Changes in water quality which can occur with creation of a
large-scale reservoir are eutrophication, low water tem-

‘peratures, and long-term turbidity.

A problem related to water quality that could conceivable occur
as a result of implementation of the Project is long-term tur-
bidity of reservoir water. waever, there has been no case of
water quality having béen'chénged posing a problem that have

been reported so far at existing reservoirs in Turkey.

Although the possibility of long~term turbidity of water caused
by the Project is a topic for further study, it may be judged
that this will not be a decisive matter to adversely affect

implementation of the Project.
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3.2.3 Soclal Environment
The project area is located in Avtvin Province.

Artvin province covers an area from the Black Sea coast to the
midstream part of the Coruh River and coamsists of seveﬁ.counties,'

the areas and populations of which (as of 1980) are as follows:

Area (km?) Population
Artvin Province 7,436 . 228,997
Artvin County . ' 1,052 29,964
Ardanuc County | 969 21,945
Arhavi County 314, 17,772
Borcka County _ 1,168 . 43,601
Hopa County 289 . 29,426
Savsat County 1,317 . 45,179
Yusufeli County _ 2,327 41,110

The capital of Artvin Province is the qity of Artvin located appro-
ximately 47 km southeast of Hopa on the Black Sea coast, and faces

the mainstream, Coruh River.

The population of Artvin City {as of 198Q) was 14,307._ The ¢ity has
governmental éffices, banks, hospitals, schools, hotels, com-
munication facilities, commercial shops, etc., énd théfefofe, hés
the various facilities indispensable for commercial activity and

daily livelihood.

The project area -is located in Yusufeli County of Aftvin Province.
The following paragraphs mainly describe the features of the project

area.
{1) Population

The Project consists of the Yusufeli Project and thé.Affvin
Project, When the Yusufeli Project is implemented, the town of
Yusufeli and villages in the vicinity will be affected by
Yusufeli Reservoir. These communities are Yusufeli, Yeniyuva,

Irmakyani, Uysallar, Kabandibi, Demircubuk, Vacekent, Hazuket,



(2)

Tasbasi, part of Takkale,,Celfiktuzu, Cevreli, Ballidut, Medan,
Kirazli, Ginler, part of Arpacik, Gbrgulu, Boylar, and Yarbasi.
The populations of these communities were 6,806, 7,164 and
7,473 according td. the populatibn census of 1970, 1975 and
1980, respgctively.

_ When the Artvin Project is implementéd, the villages of Inanlti,

Sebzeciler, and Bez will be affected by Artvin Reservoir.

The populations of these villages were 442, 419 and 363
according to the population census of 1970, 1975 and 1980,

respectively.

The populatibn growth in the Yusufeli district is extremely
small, while in the Inanli district, ¢the population is

decreasing. The reasons are that it is difficult to find

 employment in the surrounding area, while land suitable for

agriculture is insufficlent, and there is practically no demand
for séasgnal_laborers”in the surroundings so that the younger

generation have migrated to the cities.
Culture and Public Facilities’

The town of Yusufeli which is the center of the Yusufeli pro-
ject area has an elementary school, junior high scheool, high
school, and a vocational school. Larger villages in the area

have elementary schools,

Elementary schools do not exist at the villages in the Artvia
project area. An elementary school, a junier high school and a
vocational .school exist at Demirkent where a governuental

office is located.

Besides'thesa ‘schools, there are mosques at Yusufeli Town and

the various villages,



(3)

(4)

(5)

Health and Sanitation

There is no problem of infectious disease affeéting the health
and sanitation of the people in the Yusufeli and Artvin project

areas,

Health care administration of Yusufeli County is handled by the
province with healtﬁ center persdnnel making-the rounds of the

surrounding villages.
Transportation and Communications

A two-lane national highway asphalt-paved over its entire
length passes through the project area from Trabzon on the
Black Sea coast, running through Hopa, Artvin, the Artvin site,
and the.YusufeIi site to Erzuruﬁ. The distance befween Trabzon
and Yusufeli is 335 km, while that between Erzurum ahd Yusufeli

is 120 km,

There is daily regular bus service between Artvin City and
Yusufeli Town. Jeepable roads connect to larger villages.
Yusufeli Town has postal service where telephbne and other com-

munication services are handiled,
State of Economic Activity
(a) Agriculture

The greater part of the economy in the project area is
supported by agriculture. Agricultural' land has been
develoﬁed at flat areas along the banks of streams and on
mountain slopes, and water of the Coruh River'and tribu—
taries is utilized. The agricultural products are fruits,-
vegetables; rice, etc. Olive and grains such as bariey

are grown where water suply is inadequate.

Animal husﬁandry is practised at villages, but not very

extengively.
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(6)

(b) Mining and Manufacturing

Large-scale factories do not exist in the project area.
Yusufeli Town has a flour will, macaroni plant, lumber
mill, automobile repair shop, etc., which are all of small
scale,  Mineral resources have not been discovered in the

project area.
(c) Commerce and Tourism

Most of the items shipped consist of agricultural products
which are mainly collected at Erzurum City and Artvin

City.

There are no lmportant historical sites for tourism in the

project area.

There are relics of ancient castle walls and bridges at

Barigal close to the project area.
(d) Fishing and Boat Navigation

Fresh water fishing and boat navigation do not exist omn

the Coruh River in the project area.
Submersion and Relocation

The objects of compensation such as houses and cultivated land
to be submerged as a result of implementation of the Project
and compensation costs were investigated in detail by EIE iun
1984,

The population, cultivated land, and major items to be sub-
merged by the reservoir of the Yusufeli Project are shown

below,
(Figures correspond to high water level of 700 m)

Population: Approximately 7,000 persons
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Cultivated laund:

(Decare)
5b (vegetable field ~ tomato, pepper, beans) 320.560
8Ty (wheat, barley; corm) : 1,338.70
Mbk (orchard - cherry, apricot, pomegranate) 2,679.70
Bg (orchard - grape) : : 31.60
CL (paddy — rice) 1,297.00-
Ma (pasture - grazing) s 1,178.,00

Cay (pasture - hay) _ 22.90

Pringipal buildings:

House 1,613 units
School 12
Mosque 10

The populaticn, cultivated land, and major itews to be sub-
merged by the reservoir of the Artvin'Project are as shown

below,
(Figures correspond to the original site)
Population: Approximately 360 persous

Cultivated land:

{Decare)
$b (vegetable field - tomato, pepper, beans) 14.80
8T) (wheat, barley, corn) ' o 12.80
Mbk (orchard ~ cherry, apricot, pomegranate) 50.50
Zy (olive) _ - 196.90

Principal buildings:

House ' 65 units
School ) 0
Mosque i

With regard to submersion and relocation accompanying implemen-

tation of Ethe Project, since the population is relatively
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(7

large, study of the plan concerning submersion and relocation

will be extremely important subject for further study.

As mentioned under (4), Transportation and Communications,
there is a national? highway connecting Artvin and Erzurum.
This national highway plays an extremely importamt role in
transportation of freight. Due to implementation of the
Projeckt, it will be necessary to relocate the national highway
te be submerged before starting water impoundment of the

reservoir.

Especially, regarding the project site and the part of the

national highway in the surroundings, it will be necessary to

relocate the road before starting on the main work. Since

transportation .of passengers and freight can not Dbe
interrupted, the outcome of the national highway relocation

work will govern the start of work in the Project.
Water Utilization Rights

The water utilization rights of the Coruh River belong to the
Turkish Government, and not to the local muncipality or private

enterprises.

All dams and power plants are constructed by DSI. After
completion, these dams and power plants are traansferred from

DSI to TEK.
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CHAPTER 4. PRESENT STATE OF ELECTRIC ENTERPRISE

4.1 Present Status of Electric Power

The national economy of the Republic of Turkey, which had been 1n a
state of recession after the first oil crisis, started to recover gra-
dually since 1980, owing to international assistance and the deter—
mined efforts for ecomomic reconstruction by the Republic of Turkey
itself.

- A great deal of emphasis is pléced on the development of electric
power, which is regarded as one of the iwmportant pillar for the econo—
mlc reconstruction. In particular, the power generation capacity is

_ being sLeadily expanded, with hydroelectric power development playing

the central role.

The past trend of the total installed generation capacity and the

total amount of electricity generation are illustrated in Fig. 4~].
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_ F;'__g. 4-1 Ins_talled Capacity and Energy‘Generated

The installed capacity as of 1984 was 8,459 MW which coasisted of 54%
thermal power and 46%Z hydro power.

' The annual generation was 30 614 GWh, of which the hydroelectric power

accounts for 46%
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The annual power generatlon per capita 1s-630 kWh. . Althougﬁ this
figure is low as compared to per capita conSxxmpﬁion of 5,000 to 7,000
kidh in the highly industrialized countries, the grqwth of power
generation in Turkey is large. The annual growﬁh rate was over 10%
before the first oil crisis. Thereafter, the growth rate declined Lo
a relatively low level .of 4 to 5% due to deteriorated economic con-
ditions, but in 1984, it recorded a high growth rate of 11.9% over the

previous year, reflecting the recovery of economic activities.

This rapid growth of electric demand had caused shortage in the supply
capacity, and the Republic of Turkey started import of electricity
from Bulgaria in 1975, and fyvow .U.5.5.R. 1in 1979. This imhort of
electricity still continues today.

The amount of electricity import has increased year by year, amounting
to 2,653 GWh in 1984, which accounts for approximately 8% Qf'thé total

electricity congsumption in this country.

Also, there 1is strong latent demand for electric power, and it can be
estimated that the future growth rate will even exceed 104, The
electric power development projects are being aggressively 1mp1ementéd

to meet this future demand.

According to the power development plan, largé hydroélecﬁric and ther-
mal power plants will be completed and cqunectedeto the  Turkish
national power grid in.succession in the period around 1987 to 1990,
ineluding Elbistan Thermal Power Plant - (4,200 MW) and hydroelectric
power plants such as Karakaya (1,800 MW), Altinkaya (700 MW) and
Acaturk (2,400 M¥). | |

More emphasis 1s placed on hydroelectric power proje¢ts from the point
of view of effective utilization of water resources, which 1s a
genuine indigenous primary energy source of Turkey. Thus it is
planned to bring the rat10 of-hydro'pbﬁer to thermal power between

50:50 and 553:45 by the year 2000.

Iin the long-range plan, nuclear power 1lsg also expectéd td:play an
important role. It is planned to commission the first nuclear power
plant {1,000 MW)' in 1992, and a total of 9 nuclear power plants

- (10,000 MW) will start operation in succession before 2005.
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Power consumption in 1984 by categorles was 65% in mining and manufac~
turing industries, 33Z in agriculture, commevce and household uses,
‘and 2% in transportation, These ratio have not changed substantially

in the past 10 years,

The power system 1In the Republic of Turkey 1s interconnected
throughout the country, and independent power systems accounts for

only 4% of the total capacity.

The major transmission system consists of 380 kV lines (4,464 km), 154

kV lines (15,679Akm) and 66 kV lines (2,182 km). The 66 kV lines and
34.5 kV lines are wused for local transmission systems. The
transmission/distribution network of voltages of 34.5 kV and less have
a total length of 110,000 km and are being expanded year by year. Yet
a substéntial number of villages withoﬁt elactric éervice exigts in

local agricultural regions.
The rate of electrification of households is around 70% at present.

As of April 1, 1985, the electric rate in the Republic of Turkey is
determined by the followlng two different rate systems, and a consumer

can select one of them at his option.
a) 2-Stage Rate System

1) kW Tate: Annual rate of 18,600 TL oxr monthly rate of 1,500 TL
per kW of eleétric demand .,
ii) kWh rate: 29.2 TL per kWh.
iii) Time band rates
Peak hours: 40,5 TL/kWh.
Daytime:  29.2 TL/kih,
Nighttime: 19,4 TL/kWh. |
__.(Thié&rate'is applied to a consumer having contract capacity
'r_exceedipg 700,kw.)_ |

b) Uniform Rate System: 32.8 TL/kWh



4.2 FEléctric Power Enterprises

Hleetric power administration in the Republic of Turkey is under the
jurisdiction of the Ministry of Energy and Natural Resources.

The greater part of the electric euterprise are made up of stgte—oﬁned
systems, and these are ope;ated“by the ankish.Electticity_Anthority
(TEK). In addition, there are the General Directora;g_6f‘E1ectrical
Power Resources Survey and Developmenﬁ Administration (EIE) and the
Genetral Directorate of State Hydraulic Works (DSI) which are govern-

ment agencies,
(a) Electric Power Development Planning and Investigation: (EIE)
(b) Construction of dams and hydroelectric power plants: {DSI)

(e¢) Operation of hydroelectric power plant, construction and opera-

tion of thermal power plamt, transmission and distribution: (TEK)

Most of the electric enterprises are state owned, and powerplants and
pover system operated by TEK, although there'are_éome privately owned

enterprises,

EIE is an organization entrusted with the tasks of conducting suxrveys
and formulating plans for electric power development. EIE carrles out
investigations of power developﬁent sites, and determines their sca-
les, and implementation schedule taking into conslderation predicted

future power demand and supply.

DSI is an organization established in 1953 with 25_xegibhal offices
throughout the country, and is in chafge of construction and operation
of dams for flood control,3irrigat10n and dféinége, and supply of
damestic and industrial water,.and in addition construction of hydro-
electric power plants, - With regard to h&droélectfic'power'préjects;
there are cases where DSI implements them indépeﬁdéntly. and casesg

where EIE participates in the survey stage.

TEK is an electric power enterprise which undertakes bonétruction,
maintenance and operation of thermal pdwer plants, nﬁclear power
plants and transmission '1ines, and maintenance and operation of

hydroelectric power stations constructed by DSI. _Of_fhé antire power
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4.3

generating capacity in the Republic of Turkey, 85% is operated by TEK.
The remaining 15% consists of uwunlcipally-owned power plants and
plants operated by private enterprises.

There are three patterns for power distribution - one is territory
directly supplied by TEK, two 1s distribution undertaken by municipal
organizations supplied with power by TEK, and three is areas supplied

by Electricity and Gas Services. Since the service areas of these

three patterns of distribution overlap at places, study is underway to

remedy this situation from the standpoint of rationalization.

Present Status of Power Supply Facilities

The past trend of the power generation capacity in Turkey, and the
ratio of hydroelectric power in the total installed capacity are pre-
gented in Table 4-1 and Fig. 4-2 respectively for each year. The
ratio of hydroelectric power is 46% of the total capacity (3,875 MW)
as of 1984. The hydroelectric power plants, including Hasan Ugurlu
(500 MW) aﬁd Oymapinar (540 MW) which were commissioned after 1980,
play very important roles in power system,

The present policy of the Government of Turkey, which places priority
on domesticrenergy gsource utilization with the objective of Improving
international balance of trade, is not expected to change in the
future, and the develapment of hydroelectric power and lignite-fired

thermal power piant will be promoted.

The major power plants in operation are listed in Table 4-2.

~ As discugsed before,'the transmission line voltages in Turkey is 380

kV and 154 kV. the 220 kV transmission voltage 1s also used for

intetconnection with the power system of U.S,S.R.

The major transmission lines are listed in Table 4-3.

" Keban-Colbasi Line and Golbasi<~Umraniya Line extend over a distance

of 900 km, being. the trunk line that spans central Turkey. This line
interconnects the large power sources in the East and the load centers

in the West.

‘The past trends in the expansion of total lengths of transmission

lines and distribution lines are given in Table 4-4.
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Table 4--3 Major Transmission Line in Operation

}-

Name Nominal Voltage (kV) Length {Km) Conductor (MCM)
Keban-Golbasi 380 550 2 x 954
Golbasi-Unraniya 380 355 o os
Golbasi-Gokecekaya 380 167 | 954 -
Gokcekaya-Umraniaya 380 216 - 954
Osimaniya-Seydisehir 380 418 -2'3 954
Balikesir-Bursa 380 120 2 x 954
¥atagan~lsmir 11 380 150 2 ﬁ 954
Elbistan-Kayserdi 380. 138 2 x 954
Oymapinar—Kepez 380 100 2 x 954
Bursa—Adapazari II - 380 1534 2 x 954
ng;giizagieyitomer 380 435 954
Hopa ~ §.8.C.B. 220 31 954
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Tahle 4—4 Transmission and Distribution Lines

_ . Transmission Lines B%stribu-

e ootV 1 156 w 66 kv Total Linas roral

1962 - 2,166 1,024 3,190 2,432 5,622
1967 -~ 4,129 1,870 5,999 6,071 12,070
1972 355 6,010 2,436 8,801 44,861 53,662
1977. | 2,684 10,748 2,481 | - 15,913 70,583 86,496
1978 | 2,856 12,527 2,490 17,873 77,214 95,087
1979 | 2,890 13,677 2,494 19,061 83,714 102,775
1980 | 2,897 14,351 2,498 19,746 96,393 116,139
1981 | 2,915 15,143 | 2,498 20,556 99, 104 119,660
1982 | 3,469 | 15,602 2,490 21,561 102,589 124,150
iéas 3,638 15,662 2,315 21,615 110,961 132,576
1984 | 4,480 15,679 | 2,182 22,361 116,241 138,582
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4.4 Present Status of Power Demand and Supply

The total electricity gemeratiom in Turkey was 30,614 GWh as of 1984,
which was about 2.3 times the amount in a decade'before.. The average
annuél'growth rate is B.6%. The past trend in the electricity genera—
tion is given in Table 4-5.

The trend in the ratio of hydroelectric power in the total energy
generation 1s illustrated in Fig. 4-3. The ratio of hydroelectric
power grew steadily since 1973, and recorded 46% as of 1984.

The past trends in the maximum load of each month are given in Table
4-6. The anmual maximum load was normally observed in December .
Since 1978, however, the yearly ﬁaximum sbmetiﬁes oécurred in monfﬁs
other than December, the peak month being November in 1978 and 1980,
and Septeémber in 1983, The reason for this nay be:that the supply
shortage became serious from 1978, and the load in December was

suppressed due to load restrictions enforced.

The annual average growth rate of the peak demand in the past ten

years 1s 8.1%, being at a similar level as the energy growth.

A typical dally load curve 1is preseated in Eig. 4~4, The yearly
trends of the power deimand and supply in TEK's power syétem is pre-
sented in Table 4-7. The ratio of different energy sources in the
suppiy power in meeting the peak load, and the status of power shor-
tage are given in Table 4-8. The ratioc is different energy sources in

annual generations from 1981 to 1984 are given in Table 4—9.

The analysis of the.power demand and éupply balance in 1984 in the TEXK
power system indicates that the proportion'of the imported eleétriciﬁy
was 9.9%7 - Bulgaria accounting for 7.4% and U.S.5.R. 2.5%. The
purchase of electricity by TEK from other companies account for 1.1%
of the total., The rate of transmission loss of 5.9% is a universal

level,

Regarding the proportion of source of power for the peak load, ‘the
weight of hydroelectric power was 53.6% in 1984, and contribution of
the dam type hydroelectric power plants were remarkable. The {mported

power also accounts for 5% of the peak supply.
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Table 4—8 Meeting of the Peak

1983

1984

1982
(MWD (%) (MW) %) (MW) (%)
Power Plants with dam | 2,291.0 | 50.8 | 1,886.0 | 39.8 [ 2,694.0 | 49.4
Rivers 208.5 L£.6 238.0 5.0 232,00 4,2
Fuel-0il 771.4 17.1 723.4 1 15.3 799.1 14.6
Stone-coal 117.2 2.6 64,8 1.4 92,1 1.7
Lignite 698.4 | 15.5 1,271.4 26,8 1,361.6 25.0
Diesel-0il 176.1 3.9 189.1 4.0 3,0 0.1
Supplied ‘ C
from Bulgaria 200.0 4.4 250.0- 5.3 205.0 3.7
from U.S.S.R. 50.0 1.1 108.0 2.3 70.0 | . 1.3
TOTAL 4,512.6 | 100.0 | 4,730.7 |100.0 | 5,456.8 { 100.0
Total Peak without 5,001.5 5,333.1 '5,456.8
interruptilon : _
Interruption and 488.9 | (9.8) 602.4 | (11.3) 0
Rstriction imposed _ _
‘December 15th. September lath. |. December ljth.

Date

1982, Wednesday
at 18.35 p.m,

1983, Wednesday
at 20.50 p.m.

1984, Wednesday

at 17.30 p.m.
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Table 4-9 Distribution of Electrical Energy Generated

Year 1981 1982 1983 1984
GWh Z | cwh 2 | o 2 | cwn y
Thermal Power Plants 12,057 48.91 12,385 46.61 16,004 58.5( 17,187 56.1
GCoal 892 3.6 313 3.4 787 2.9 705 2.3
Lignite 5,244 21.3 6.011 22.6 7,790 28.5 9,413 30.7
0il © 5,196 21.1 4,823 18.2 6,348 23.2 6,711 21,9
Others 725 2.9 638 2.4 1,079 3.9 358 1.2
Gag. Tur.
Diesel
Geothermal
Hydraulic Power Plants 12,616 51,1 14,167 53,471 11,343 41,51t 13,427 43.9
Total 24,673 100.0! 26,552 100.0§ 27,347 100.0 | 30,614 100.0
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5.1

CHAPTER 5. ELECTRIC POWER DEMAND AND SUPPLY FORECAST

Electric Power Demand Forecast

This chapter is devoted to the outline of demand forecast performed by
TEK, the long term demand forecaSt'by_the macroscopic method prepared

by the JICA team, aud a comparison of the results of these forecasts.

The Yusufeli Project 1s scheduled to commence operation around the
year ZOOO,Iand éé the iong term demand forecast was prepared up to the
year 2008, thé:tfend of powér demand 1in the period around the com~
missioning of this projéct can be studied.

5.1.1 Power Demand Forecast Conducted by TEK

TEK's method of electric power demand forecast is as  described

belOWo

The period of demand forecast is divided into two periods. For the
first period, forecast by category of demand, in éhich the consumers
(factories,_shoPS, general residence, ete.) are surveyed concerning
their production plans, trend of consumption, behavior of consump-
tion, etc., and the;'survey results are converted to electric
demands; and suéﬁ demands are added to the predicted total demand.
For the second period, the macroscopic method 1is used. The past

records of total power generation (from 1970 to 1982) and the fore-

Kcast values for the first périod are taken as the basis, and the

prediction is made by means of the correlation between the power

demand and the macroscopic indices such as population growth -rate

.and- GNP per caplta growth rate.

The foilbwing-calbulation conditions have been used.

(1) Perlod of forecast: 22 years (from 1984 to 20065)
(2) Reference year: 1983

(3) -Popu1atibn growth rate: 2.1%
(4) Growth rate of GNP per capita: 5.55% p.a.

(5) Forecast of maximum demand:

5.1



The load factor is assumed as 64% based on past record. The
maximum demand in each year 1is calculated by the following

equation.

Prax = Eg/(Lg % 365 x 24) (W)

where: Ppay 3 maximum denand (MH)
Eg ; total annual generation (MWh)
Lg ; load factor (=0. 64)

The result of demand forecast conducted by TEK is presented in Table
5~1. The average growth rates of annual generation for each five

years are given in Table 5- 2.

In the demand forecast method of TEK, the first period is defined
only for the very near future (3 to 5 years), and this method can be
regarded as a combination of microscopic and macroscopic wmethods

when it is applied to'a long range forecast.

As indicated in Table 5-2, the demand growth rate dropped sharply in
the period from 1978 to 1983 due to the economic recession caused by _
the oil erisis. Later, the annual growth rate vevived to more than

10% reflecting the recovery in economic activities.

The forecast projects that the total annual generation-in the year
2003 will be approximately 206,000. GWh, and the per capita electri-
city consumption will asmount to 2,895 kWh.

The trand.of per capita electricity consumption for the period of

forecasting is presented in Table 5-3.



Tabje 5—1 Results of Demand Forecast by TEK

Gross Energy Generated

Year (GWh)
.
1984 33,175
1985 36,850
1986 41,000
1987 45,800
1988 51,200
1989 57,050
1990 63,300
1991 70,000
1992 77,200
1993 84,950
1994 93,300
1995 102,450
1996 12,550
1997 123,600
1998 135,800
1999 148,800
2000 162,600
2001 177,130
2002 189,822
2003 205,958
2004 223232
2005 239,938

Maximum Demand
({MW)

—
5,790
6,570
7,300
8,170
9,130

10,180

11,290

12,480

13,770

15,150

16,640

18,270

20,100

22,045

24,220

26,5’46

29,000

31,000

33,160

35,400

37,900

40,500
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Tahle 5-2  Average Growth Rate of Energy Generation

Period_(Year) E Growth Rate (%)
1963 - 1968 ' 11.7
1968 - 1973 ' 12.4
1973 - 1978 12.5
1978 - 1983 5.8
1963 - 1983 10.6
1983 ~ 1988 11.3
1988 - 1993 10.7
1993 - 1998 9.8
1998 - 2003 8.7
EEQQQLEQQQ - 10.1

Table 5~-3 Energy Generation per Capita

Energy Growth
Planned Perlod | Generation | Population kWh | Rate

(GWh) (%)
End of 1988 51,200 52,370 978 | 9.2
End of 1993 84,950 58,000 1,465 B.4
End of 1998 135,800 64,240 2,114 7.6
End of 2003 205,958 71,150 2,895 6.5
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5.1.2 Electric Power Demand Forecast by Macroscopic Method

Several methodology of electric power demand forecasting are in
- practical. use, including; (1) the method utilizing past trend, (2)
the cross section method, (3) the forecasting by demand category
‘method, and (4) the method utilizing correlations with economic
indices such as GNP. The methods from (1) to (3) can be regarded as
empirical methédology. All methods except the forecasting by demand

category method are macroscopic in nature.

In this study, the demand forecast has been conducted based on a
method utilizing the correlation between the electric powaer demand
and GNP,

(1) Demand Forecast Based on GNP

It has been statistically proven that strong correlations exist
between the energy or electric power demand and economic indi-

Ces.

In particular, if the relation between the pef capita GNP and
the'per caﬁita electricity consumption is studied, a strong
correlation can be fbund which is expressed by an approximation
equation.  Thus. the power demand forecasting is very often per-

formed by utilizing thls correlation.

The following indices and basic conditions were used in the

demand forecast of this study.
(a) Criteria and Statistical Indices

. “New Method of Long Range or Very Long Range Demand
Forecast of Energy Inclﬁding_ Eléqtricity Viewed Ironm
Worldwide Staﬁdpoint} Edited by BPDC”

(b) ?er@qdlof“Forecast; 25 yeafs (from 1984 to 2008)

rAlthdﬁgh':Yﬁéufeli"and Artvin Projects are to commence
operatipn in 1997 according to the Master Plan, the actual
year of commissioning 1s estimated to be around 2000
éﬁcording.td'thg studies made this time. '



(c)

One of the objectives of the power demand forecast 1s to

determine the time of'commissioning a project, and a suf-

ficient time band in the demand forvecast is required in

determining the start of operationa' For this reason, the

forecast was made for 25 years from 1984, or up to the
year 2008. o

Calculation condition

1)

ii)

i11)

Reference yéaf; 1983
Per cépita GNP (1968 value); US$540

The gross national products in the reference year
(1983) divided by the population of that year was con-
verted to the value of the reference year for the eco-

nomic indices.

GNP in 1983;  US$25,653 x 100

Population in 1983; 47,279 x 103

Based. on these statistics, the GNP per' capita was
calculated as US$540. N '

Growth rate of GNP per capita; 4.0%

The growth rate of GNP per.capita had been 4.2% for
the 15 years before the oil crisis (1962 to 1977):
(See Table 5-4.) ' '

Even including'the low growth rates that were caused
by the oil crisis, the average growth rate for the 22
yeérs including the period éftér the oil crisis - (from
1962 to 1984) femainé at 3.0%;7._

The genmeral status of economy of Turkey 1s recovering
from the tééession. that have " coniinuéd‘ from 1977.
This tendency is indigated_by.thg'GNP_growth rate of_
3.7% in 1984.

Thus it was assumed thaﬁ'tﬁe oll crisis and the econo~
mic rvecession that followed is a temporary phenomenon,

and the ldng term growth rate was assumed as 4.0%.

5-6



('2')_

iv) Per capita electricity consumption; 630 kWh (in 1983)

The value 630 kWh was obtained by dividing the total
electricity consumption of 29,658 GWh in the reference
year (1983) with the population of 47,279 x 103,

v) Population; 47,279,000 (in 1983)

The total population of 47,279,000 in the reference
year of 1983 was taken from "The Turkish Economy,
t84",

vi) Population growth rate; 2.1%

The population growth rate in Turkey was at a level of
2.5% in the pariod befare 1977, Thereafter the growth
rate tended to decrease, being 2.1%7 in the 7 years
from 1977 to 1984. (B8ee Table 5-#4.) The growth rate
of 2.1%7 recorded in the recent period was taken as the

basis of this study.

The correlation between the per capita GNP and its
growth rate was obtaired from the data in Fig. 5-1,
and the correlation between the per capita GﬂP and ﬁer
caplta electricity consumption 1s based on the data in
Fig. 5-2. '

Result of Forecast

The forecast values of total annual generatiom calculated based
Qn'data of Table 5-4, Fig. 5-1 and Fig. 5-2 are presented in

The forecast of the maximum demand was obtained by equation (5)

in 5.1.1, based on the total generation obtained above and on
the 64% load factor projected by TEK.
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Tabie 55 Results of Démand Foracast by Macro-Method

pita GNP

Per Ca Per Capita kWh Gross Maximum
Growth Uss Growth | Population | Energy Generated | Demand
Year - Rate {1968 kith Rate (1odh cwh Growth )
93] Price) (%) o Rate(%) [
1983 4.0 S40° 630 | 3.9 47,279 29,568 4,731
1984 4.05 . 562 670 48,270 32,300 5,800
1985 4,05 585 720 49,280 35,500 6,300
1986 4,05 609 770 50,310 38,800 6,900
1987 4,2 635 830 51,370 42,600 7,600
1988 4,2 662 890 52,450 46,700 8,300
Average | 4.1 7.2 (2.1} - 9.6
1989 4,2 690 960 53,550 5.1,400 9,200
1990 4.2 719 1,010 54,670 55,200 9,800
1991 4.3 740 1,040 55,800 58,000 10,300.
1992 4.3 782 1,130 57,000 64,700 11,5Q0
1993 4.3 816 1,215 58,200 70,700 12,600
Average | 4.25 6.4 (2.1) 8.6
1994 | 4.3 851 | 1,295 59,400 76,900 13,700
1995 4.3 888 1,380 60,650 83,700 14,9090
1996 4.3 926 1,470 61,920 91,000 16,200
1997 4.35 a6 1,540 63,220 97,400 17,400
1998 4.35 1,008 1,630 64,550 105,200 18,800
‘Average | 4.3 6.1 (2.1) 8.3
1999 4.3 1,050 | 1,730 65,910 114,000 20,300
2000 4.3 1,096 {1,840 67,290 123,800 22,100
- 2001 4.3 1,143 .1 1,940 68 ;700 133,300 23,800
2002 4.3 1,192 2,050 70,140 143,800 25,700
2003 4,3 1,243 2,170 11,610 135,400 27,700
Average | 4.3 5.9 (2.1) 8.1
2004 4.2 1,295 2,290 73,110 167,400 29,900
2005 4.2 | 1,349 | 2,420 74,650 180,700 32,200
2006 4.2 1,406 2,550 76,220 194,400 34,700
2007 4.1 1,464 2,710 77,820 210,900 37,600
2008 4,1 1,524 2,850 79,450 226,400 40,400
.Average 4,15 5.6 (2.1} 7.8

1/ Including imported energy of 2,221 GWh
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5.1.3 Comparison of Results of Yorecasts

5.2

The power demand forecast obtained by the macroscopic method and
that prepared by 'TEK are compared and given in Table 5-6 and ¥ig.
5"3 ]

The values of annual total generation obtained by the maéroscopic
method are lower than TEK's forecast, the difference being 22.5%Z in
1988,

In terms of annual growth rate of démand, however, the difference
between the two forecasts is small, The average annual growth rate
for a period of 22 years up to 2005 is 9.9% according to TEK' s

forécast; and 8.6% acecording to the macroscopic method.

This diffevence 1s based on the growth rate of per capita GNP
adopted in the forecast. This value is 5.55% in TEK's forecast, and

4. Oé in the macroscopic forecast conducted in this study.

" Power Supply Progran

This chapter pertains to the electric power dévelopment plan for eco~
nomic development and economic operation of power facilities which are
required to secure stable power supply meeting the demand projected in
the above forecast, aund the analysis of _electfié power demand aﬁd

supply balance,

5.,2.1 Klectric Powef Development Plan

It is estimated at present that the hydroelectric pdﬁer potential
that can be economically developed in Tur&ey amounts to 30,800_ﬁw,
which will provide firm enérgy of'72,500 GWh hnnually and annual

generation of 102,500 GWh. As of 1984, only about 13% of this

" hydroelectric potantial has been developed.

The electric power development plan formulated for the period from
1985 to 2003 is given In Table 5-7 and Table 5-8. This plan is
based on the plans formulated by DSI and TEK, and the original plans

woere modified to some extent go that it 1s compatible to the power



demand forecast obtained by the macroscopiec method. According to
this plan, the total installed capacity in the year 2000 will become
3.9 times the present value, amounting to 33,038 MW.

The firm generation will also be 3.9 times, and will be 132,923 GWh

annually.,

In thé”development progfam, a number of lignite-fired thermal power
plants, typleally represented by Elbistan Thermal Power Plant, will
be developed in succession until the end of the 1990's, The first
nuclear power plant will be completéd in mid-1990's, and the
théreafter the weight of development programé will be shifted toward

the nuclear power.

Large hydroelectric projects, tjpically represented by Altinkaya and
Karakaya -will be ~completed around 1990. Thereafter iarge
hydroeléctric prqject35 such as Ataturk, Kayfaktepe and Boyabat will
'be fmplemented in the peridd from early 1990's to the late 1990's.

The details of this electric power development plan is presented: in
_Table.AP.1-1 in Appendix 1.

In 2000, the hydroeleéctric power will account for approximately 55%
of the total installed capacity. The trend of this ptoportion is

presented in Fig. 5-4.

As dindicated in Fig. 5-5, the degree of utilization of the
hydroelectric potential of Turkey will advance year by year. By
year 2000, 61.5% of the hydroelectric resources available will be
ufilized,-and'the hydroeléctrié power will substantially contribute
to 'thé poﬁer supply of Turkey as  valuable Indigenous energy
resource. The hydroelectric power plants now under construction are
listed in Table 5-9.
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Table 56 Comparison of Demand Forecasts

By TEK

rerion | T B T [ DT,

(a) | rate () (B Rate (%) (e)-(b) | (c)/(a) |
End of 1983 30;00%/ 6.1 29,56§/ 5.8 432 1.4
End of 1988 | 51,200 | 11.3 46,700 9.6 4,500 8.8
End of 1993 84,950 10.7 70,700 8.6.' 14,250 16.8
End of 1598_ 135,306 9.8 105,200 8.3 30,600 | 22.5
End of 2003 | 205,958 8.7 155,400 8.1 50,558 | 24.5
End of 2005 | 239,938 7.9 180,700 7.8 59,238 24.7
1983 - 2005 9.9 8.6

1/ Estimated by JICA Team

2/ Actural record
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Table 5--8 Schedule of Energy Generation

. (Unlt : GWR)

: By Hydraoliic Total 1
Year By Thermal: Firm: Average: Firm : Average . |
(L) (2) (3) (1)+(2) (1)4(3)
Existing 23,420 10,460 14,200 | 33,880 | 37,620
1985 25,370 10,460 14,200 35,830 | 39,570
1986 31,250 10,544 14,342 41,792 45,592
1987 33,050 | 15,161 19,358 48,211 52,408
1988 33,950 18,714 | 24,132 52,664 58,082
1989 36,050 19,272 25,326 55,322 61,376
1990 40,370 19,473 25,837 59,843 | 66,207
1991 41,570 | 20,076 | 26,799 | 61,646 68,369
1992 44,720 21,635 29,683 66,355 74,403
1993 48,620 26,423 | 35,146 | 75,043 83,766
1994 52,220 29,848 39,514 82,068 91,734
1995 56,120 31,462 41,919 87,582 98,639
1996 62,120 | 32,217 43,151 | 94,337 105,271
1997 70,340 33,639 45,359 | 103,979 | 115,699
1998 76,190 36,346 | . 49,955 112,536 126,145
1999 62,040 40,358 56,021 | 122,398 | 138,061
2000 87,740 | 45,183 62,997 | 132,923 150,737
2001 95,690 47,488 66,824 | 143,178 | 162,514
2002 101,690 51,080 | 73,872 | 153,670 | 175,562
2003 108,200 | 56,889 | 81,726 | 165,139 | 190,006
Total 84,870 46,389 67,526 | 131,259 | 152,39
(Additional) | - _




Table 5—9 Major Hvdraﬁlic Power Plants under Construction

Installed

Fnergy Generated (GWh)

Project CaiE;;itY Average Firm mﬁﬁ?isfining

. ) )
Adiguzel 61 20 | 150 1986
Kilickaya 120 332 277 1986
Karakaya 1,800 7,354 6,800 1989
Catalan 156 491 271 1990 .
Karacaoren 32 142 84 1986
Gezende 150 528 130 1988
Altinkay;. 700 1,632 1,236 1988
Menzelet 120 334 192 1987
Ataturk 2,400 8,900 7,400 1991
Kralkizi 90 140 B 111 1991

5--19




5.2.2 Demand and Supply Balance

~ The balance of demand and supply was evaluated for both kW and kWh

based on the demand obtained by the forecast described above.

In evalvating the kW balance, it was checked if sufficlent supply
capacity is secured for the peak load in the dry season, and in the

summer and winter peak periods.

In this evaluation, it is required torassume the dally load curves
for the years around the time of commissioning‘of XﬁéufeliiProject.
These daily load curves were formulated based on the typical load
curves in the past and present, and on the totai maxiﬁum demand
obtained by the forecast, and it was checked if the sufficient
supply capacity can be secured. In assuming the load curve, the

load characteristics in the past had to be analyzed.
The following factors were taken into consideration in the analysis.

% Monthly electricity demands in the past, meximum demand'df each

month, annual electricity demand, and annual load factor.

# Typical daily load curves in each month in the past, and the daily

load factor.
* Wet season and dry season 1n Turkey

The kWh balance was checked in terms of the annual total ¥Wh demand
and the kih demand in the most dry month.

In checking the adeguacy of the supply capabllity, it was studied
whether the supply capability of both hydro and thermal plants are
sufficlent for the maximum demand obtalmed by the forecast in each

year.

In estimating the supply capability of the thermal power plants, the
reduction of output of old thermal power plants, the rate of decom-—
missioning, the rate of faults and repair shutdowns were taken into

consideration.

In estimating the hydroelectric power supply, the fault and repalr

shutdown rates were considered as in the case of thermal plants. At
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the same time, the firm power in the most dry year was estimated to

calculate the supply capability to be secured by hydro power.

The conditions assumed in calculating the supply capability are pre-

sented below.
* Thermal Power
Output reduction and decommissioning rate:

Tt was assumed that the present plant capacity is reduced at

the rate of 5% per year.
Fault and repair shutdown rate: 7.3%/year
* Hydro Power

Fault shutdown rate: 0.57%
Repaitr shutdown rate: 2% x 1/12 mouths

The results of the studies discussed above are summarized in Table
75—10 and Table 5-11 in the form of kW and kWh balances up to the
year 2003, The demand and supply balance trends are presented as
charts in Fig. 5-6 and Fig. 5-7. '

As'iﬁdicated by these tables and charts, sufficient supply capabi-
lity satisfying the demand can be secured in terms of both firm out-
put and firm generation. However, the present status is such that
electric power amounting to 8% of the total. consumption is being
imported as of 1984, This is due to the low avallability of the
generating facilities in Turkey which, in combination with problems
~in the power system and load dispaﬁching operations, creates supply

shortage,

Considering this situation, it 1is conciuded that prompt implemen-
‘ tation of the established power development projects 1s indispen-—
sable, énd.it'is expected that the stable balance in power demand

and supply will gradually be-secutgd after 1989,

: It_is estimated that Yusufeli and Artvin Power Plants will commence

sérvices around the year 2000. The additional supply capability of
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540 MW and 320 MW provided by these Project at that time means that
an about 7.8% supply margin will be created for the total demand.

An about 7.4% wmargin will also be created in terms of the firm

electricity supply.

Thug 1t can be concluded that the proposed timing of completion of
this Project is appropriate in securing proper balance of electric

power demand and supply.
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Table 511 Estimated Energy Balance

Energy Demand | Available Energy Supplied 'A.llowance.. .

Year { @stimated :€1) | Firm 3 (2) | Averapge :(3)§ - Flrm - - - Average

(GHmy (esn) G Rt I ool I
1984 £32,300 33,880 37,620 1,580 4.9 1 5,320 16.5
1985 35,500 35,830 39,570 330 | 0.9 4,070 11.5
1986 38,800 " 41,794 45,592 2,994 7.7 1 6,092 | 17.5
1987 42,600 48,211 52,408 5,611 13.2 | 9,808 23.0
1988 46,700 52,664 58,082 5,964 12,8 | 11,382 | 24.4
1989 51,400 55,322 61,376 3,922 7.6 | 9,976 19.4
1990 55,200 59,843 66,207 4,643 8.4 | 11,007 19.9.
1991 58,000 61,646 68,369 3,646 6.3 | 10,369 17.9
1992 64,700 66,355 74,403 1,655 2.6 { 9,703 [ 15.0
1993 70,700 75,043 83,766 4,343 6.1 | 13,066 | 18.5
1934 76,900 82,068 91,734 5,168 17 6.7 {14,834 19.3
1995 83,700 87,582 98,039 3,882 | 4.6 14,339 [ 17.1
1996 91,000 94,337 | 105,271 i,337- 3,7 {14,271 15.7
1997 97,400 103,979 115,699 6,579 6.8 {18,299 18.8
1998 105,200 112,536 126,145 7,336 7.0 | 20,945 19;9
1999 114,000 122,398 138,061 8,398 | 7.4 {24,061 | 2101
2000 123,800 132,923 150,737 9,123 7.4 [ 26,937 21.8
2001 133,300 143,178 162,514 9,878 7.4 29;21a 21.9
2002 143,800 153,670 175,562 9,870 6.9 31,762 1 o220
2003 155,400 165,139 190,006 | 9,739 | 6.3 [34,616 | 22.3
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CHAPTER 6. METEOROLOGY AND HYDROLOGY

6.1 General

6.2

The Coruh river basin is situated in the northeastern part of Turkey
near the boundary between Turkey and the Soviet Union. Average eleva-
tion of the basin is appfoximately 2,000 m, The Coruh river is the
longest river in the northeastern part with the length of about 410
km. The Coruh river flows from the Dilek Daglari mountains to the
Black Sea. The most downstream 20 km part of the River belongs to the
territory of the Soviet Unlon. The drainage area of the River is
19}750 kmz in Turkey. Tts mean annual runoff is 5.96 billion cubic

neter, or 189 m3/sec at the border.

General climatological characteristics of the Coruh river basin could
be classified into Continental and Black Sea climate. Continental
climate is predominant over the catchment basin of the Yusufeli dam
gite with mean annual rainfall of 440 wm. While over the Yusufeli
basin rainy season extends from March to Jume when fifty perceat of
annual precipitatibn concentrates, rainy season in the most downsiream
part of thg Coruh river extends from autumn to winter with annual pre-
cipitation over 1,000 mm. Maximum, minimum and mean annual tem-—
peratures at Yusufeli station are 43.8°C, -14.3°C and 14.2°C

respectively.

Locations of meteorological statdions and stream gaging stations are
glven in Fig. 6~1. Isohyetal lines of annual rainfall over the basin
are also given in Fig. 6~1. Mean monthly precipitations at stations
are shown in fable 6-1. Monthly mean temperatures at Yusefell and

Bayburt stations are shown in Tables 6-2 and 6-3.

River Runoff

The Yusufeli damsite is located just downstream of Oltu-Tortum and
Altiparmak tributaries-so as to regulate the river flow including the
major tributaries. There are a number of stream gaging siations
established in the Coruh river basin as shown in Fig. 6-1, some of
which are not in operation. Existing runoff data 6n the Coruh river

including major tributaries are given in Fig. 6-2.

6—1
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Table 62 Observed Monthly Average Temperatures at Yusufeli Station
{unit: °C)
Year 1 11 19 8 S C v vI VII  VIII  IX be I XIT
1965 2.2 2.8 9.4 12.6 19.5 22,7 25.2  26.3 22,3 12,2 7.5 4.3
66 6.5 8.4 10.6 15.9 18.7 23.0 27,7 27.5 21.5 17.7 12.0 6.3
67 1.6 0.6 7.5 I3.1 17.5 20.6 22.6 26.0 20.5 16,0 8.4 2.0
68 | -1.3 1.3 . 7.3 16,1 20.2  21.4 25.8  24.9  21.4 164 10.8 3.1
69 1.9 3.0 5.6 12.8 0.1 26.9 2.5 27.2 204 140 7.8 5.7
1970 4.4 6.8 10.5 ‘17.8 19.0  23.0 26,5 24.3 21.5 144 10.6 3.0
71 2.4 4.4 9.5 14.6 197 20,9 26,9 24.0 25.0 l4.6 8.7 1.3
72 | -4.1 1.0 7.7 16.4 18.2 22.4 27.0 27.8 22.2 17.9 7.3 1.5
73 | -0.1 5.8 7.9 13.8 18,7 20.2 25.4 24.7 21.9 16.7 5.4 1.9
74 | -1.2 3.3 10,3 1l 20,0 24.4 25,0 25,3 20.1 i9.4 10,0 4.3
75 1.9 1.7 7.8 17.8 19.2 24.6 26,8 26.0 21.4  14.5 9.2 0.1
76 | -1.2  -2.1 6.8 14,2 18.4 21.2 4.6  25.6 21.4 - 15.7 9.0 4.6
77 1.0 6.2 . 8.6 14,7 18.3 20.6 26.9 25.8 21.2° 12.4 8.3 2.1
78 o.é 5.0 10.2 12.0 18.4 18.0  24.9 264.0 21.4 164 6.0 2.1
79 1.0 6.2 10;1. 14.6 20,2  22.3 23.9 27.8 22.8 15.4 10.1 2.8
1980 0.8 2.1 9.2 13.5 19.0 23,7 27.2 24.8 20.2  14.1 9.7 5.5
81 t.4 6.4 9.9 12.5 16,5 23.1 27.3 2.0 23.1 7.0 7.7 6.6
82 - - - - - - - - 22,1 15.5 7.0 1.5
83 | -1.7- 3.2 7.8 16.0 19.8 22.3 26.4 26.3 21.6 15.0 9.2 3.5
84 4.2 4.4 10,1 14,0 17.8 22,7 5.3 22,8 239 9.6 1.2

15.8
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.The average values of runoff gerve an importaant role for hydropower
planning, especlally significant are those variatlons of streamflow
such as ‘seasonal variatiouns {n runoff and yearly variations in total
runoff. Seésonal variations in runoff at No. 2305 gaging station and
in precipitation at Bayburt from 1942 to 1983 are showm in Fig. 6-3.

Variations in annual total runoff are principal 1in reserveir design.
Accordingly, stochastic methods are used to detect the regularity of

fluctuations of hydrologlcal data in random time series.

The distribution of periodic components in the hydrologle data series
x(t) of precipitation or stream flow can be obtained by Fourier
transformation as follows.

[24]
X(£) = Joox(t)e"izxftdt

sx(£) = (im { ——| X(H}2 )
TG0

The Sx(f) represents the average energy values per unit time of
' periodic components £ and is called power spectrum.
“Whea XT(t), the record langth T of which is finite, is applied to the

above equations, the estimated power spectrum is;
S(£) = —| x(£) | 2
T

Tha.s(f):is usually unstahlé spectrum which fluctuates heavily in zig-
zags and is calle& raw power spectrum.

The smoothed power spectrum 1s:obrained. by using the lag Welghed func-
tion W(t), which is called lag window. 1In this study, Hanning window
is applied, which is generally used for this purpose.

Hydrologic properties over the drainage basin of Yusufeli dam site
were investigated by using spectral analysis for the annual runoff at
No. 2305 station (1942 - 1984) and the aanual precipitation at Bayburt
etation (1931 - 1983), Fig. 6-4 indicates that hydrological records
iﬁ the catchment basln of Yusufeli dam site such as precipitation and
 stream flow have the superior ingredient of approximately 5 years

cjcle.
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Runoff at No. 2305 G.§
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6.3

The correlation analyses were performed to extend monthly flow at the
stream gaging stations and to estimate natural monthly flow at dam
sites., The results of correlation analyses aré sﬁown in Téble 6~4land
Figa. 6-5 ~ 6~10. Natural flow calculations at damsites are eXpli;
cated in Table 6-5 and their results ave listed in Tables 6-6 ~ 6~12.

Evaporation

The observation of monthly evaporation is being undertaken at nearby
stations where the standard Weather Bureau Class A pans are used.  The

evaporation statiéns are iisted in Fig. 6-11.

In reservoir design, it is necessary to estimate the monthly distribu-
tion of annual evaporation and the increased loss over the resétﬁoir
resulting from the construction of the dam, i.e., reservoir evapora—
tion less evapotranspiration after the construction, In”general the
volume of water required to balance the coﬁtinuity equation for a

basin represents avapotranspiration.

Considering the vegetation in the reservoir, evapotranspiration in the

reservoir before the construction was neglected.

Correlation analysis was made to derive a reliable relation between
monthly pan evaporation and monthly average ‘temperature at Bayburt

stétion.

The used data are shown in Table 6-~3 and 6-13,
The regression curve and equation derived from the analysis are indi-

cated in Fig. 6-12.

Yusufell meteorological station, where ailr temperatutes,'ére being
obgserved, is located near the Yusufell dam site. Actual monthly

distribution of annual evaporation from the reservoir was estimated by_

using monthly average 'temperétures ‘at Yusufeli and the regression

equation, The pan coefficient'éf 0.70 was uéed in the eétimatione
The monthly evaporations from 1365 to 1984 are'shown_in.Table 6-14.,
Monthly average temperatures at Yusufell station are showm in Tablg'

6”‘2 .
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' Tab\é 65—5 Natural Flow Calculation at Damsites

_ - _

. Adam~A1l

D | Adam~Ad
an Qi Qj Al Aj Aj"‘Ai
Karakale 02316 02305 A2316 - A2305 0.763
Yusufell Q2305 42305 0.149
Artvin(U) | +Q2321 Q2322 +A2321 42322 ° 0,190

'_-h .
artvin(L) | +q2323 +A2323 0.229
Deriner _ , _ 0.047
Q2322 . Q2315 A2322 A2315

Borcka : 0.428
Muratli - Q2315 - A2315 1.005

Natural Flow at damsites is calculated as follows:

_Qdam

Where,

Qdam:;
201,015
" Adam;
Al 1Aj H

=i + (Qf - W) x—

Adam —~ Al

natural flow at a damsite
natural flow at a gaging station
catchment area of a damsite
catchment area of a gaging station

627
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Table 614 Actuél Monthly Evaporations from Yusufeli Reserveir

(unit: mm)

Years L 139 IIL v A J\"I VI.I VIXT X X XL X1l Annual Total

1965 | 11,6 15.2  59.7  B3.2 136.3. 161.8 182.1 191.2 15B.6 802 6.3 2661 1,150.8
66 | 39.3  52.6 8.6 108.2 130. 166.2 202.7 200. 152.2 122.2 787 3. | 1,357.4
67 | Bl 2.7 6.3 86.8 120.6 65. 6l. 172.3 144.2 109.8  52.5 10.4[ 1,059.8
68 1 D 6.4 44,9 109.8 141.8 151.4 187. 179.7 1SL.4 112, © 69.3 17, 1,171.2
69 | 9.8 16.5 6.2 B4.7 1ALl 179.7 17C.4 198,53 ISL4 9Au4 483 34, T 1,195.9

1970 125.3 4l.4  67.7 122.9 132.4 166.2 192.8 174.8 152.2  96.7 88.4 16.5] 1,255.3 l
7obimr 2501 60.6 98.3 137.9 167.6 i%6.1 177.3 180.5  98.3  Sh.7 641 1,190.4
72 0 b 4.8 47,7 11210 126.1 159.4 96,9 203.5 157.8 123.7 449 7.53 1,184.2
72| b 3.6 69.1 92,3 130, 141.3 153.8 178.1 165.4 1A 319 9.3; 1,121,
7] b 183 6.2 72.1 140.2 175.6 180.5 182.8° 1411 135.5 64l za.e; 1,201.1
75 1 9.5 8.6 48.6 1229 133.9 177.2 195.2 18B.7 ISK.6 1353 58.3  0.33  1,230.1
%1 0 D A1.A 95.2 127.6 149.8 177.2 iBS.4 150.6 106.7  56.8 25.5} 1,183
770 4.8 7.3 540 99, 126.8 145, 179.7 187. 143,887 SO fL. IR RTEN

. 78 ? 3.7 29.3 85.5  78.7 127.6 126.5 179.7 172.3 I51.4 112. . 36.0 ii.°) 1,091.7

779 ‘ 4.8 27.3  85.5 98.3 141.8 158.6 177.9 203.-5 162.6 !0’;.& 64.8 lf)._!,E ‘1,228.3

1980 . 3.7 110 5B.3 90, 132.4 169.9 198.5 178.% 4.8 9h.4 1.5 32.6] _:1_173.3
81 25.3 38.6 634 82,5 112.8 165.1 199.6 188.7 165.1 1167 47.7 0. [ - 1,245.2
8z i - - - - - - - - 157.0° 105.1 a2 107 -
B3 1 D 17.7  4B.6 109.0 1387 1586 192.0 174.8 153.0 1013 58.3 19.5) 1,171.3
84 f 26.0 25.3 648 93.7 122.9 161.8 182.9 62.6 170.5 107.4 612  5.8] © 1,183.9

AVE.é 9.6 2.7 369 96.8 136 IS7.9 iBG.4 1863 155.5 107.6 5.0 18.1] 11884

H - —1
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6.4 Sedimentation

Suspended sediment samplings are being carried out by EIE at 85
gtations. Suspended sediment samples collectad usually at an Iinterval
of one month are used to develop the sediment rating curve for each

station.

In the Coruh river basin_suspended sediment samples are collected at
the following stations in Table 6-15.

Table 6—156 Existing Suspended Sediment Data

Station Name No. Period Yumber of
: Samples |
Karsikoy 2315 June 1967 - Oct. 1984 182
Ispir Koprusu 2316 Sept. 1969 - Oct. 1984 167
Laleli 2320 July 1871 - Nov. 1983 88
Asagi Kumlu 2325 June 1977 - Oct. 1984 84

The data series measured at No. 2315 and No. 2316 stations have the
considerable variability of sediment load and river discharge as are
shown in Table 6-16.

Table 6—16 - Characteristics of Sediment Data

Suspended Sediment (PPM) | River Discharge {(m3/sec)

Station No. Max. Min., Ave., |. Max. Min. Ave,
2315 - 6,170 | 12 469 868 37.6 146.3
2316 | 3,000 | 13 | 167 | 327 7.5 | 24.6

Two sediment rating curves relating suspended sediment discharge and
river water discharge at Nos, 2315 and 2316 stations were constructed
to estimate daily sediment load. The curves are given in Fig, 6-13

and 6-14. The regression equations were derived as follows.
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i

No. 2315: 1log 5
No. 2316: log §

~0.40123 + 1.92772 log
<0,21199 + 1.98650 log Q

i

where,
§3 suspended sediment discharge in tons per day

Q; river water discharge in cubic meters per second

The sediment rating curves shouid be generally used with caution.
However, as they were used to estimate mean annual gediment yield, the
erros in estimating the sediment rating curves were considered to tend
to compensate. ‘The mean annual sediment yielas in tons per square
kilometer at Nos. 2315 and 2316 stations were respectively estimated
by using the sediment rating curves and daily discharge data recorded
at Nos. 2315 and 2316 stream gaging stations from October 1964 to

Septembetr 1983, Calculation results are shown below.

Statioq Catchment Area Calculation Perlod Mean Annual Sediment Yield
No. (km?) (years) (tons/kn?)

2315 19,654 19 . 360

2316 5,505 19 . 138

The sediment volume in the reservoir depends'oh_the specific density'-
of the deposited material. The specific denéity.varies with the kind
of sediment and the age of the deposits. The kinds of suspended sedi-
ment and thelr contents are found below by'the gradation analysis made
by EIE. |

Sand s11t Clay
33% 37% 30%

The dry épecifigwéeasity'W£ at time t were found by Lane and Koeizef':
to be defined by W, = W; + K log t, where wliis-the iniﬁial épecific'
density and K is a consolidation coefficient. The averagé'dénsity of
the total sediment accumlation at time t can be found by-integ?ating-‘-'

from year 1 to year t.
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6.5

The average specific dengity after 50 years of the deposits in the

Yusufeli reservolr was estimated to be 1.195 ton/m3.

The average annual sediment yields at Nos, 2315 and 2316 stations were
estimated by adding 12% of the suspended sediment load as the bed load

transport to the suspended sediment load.

No. 2315: 337 m3/km?
‘No. 2316: 129 m3/kan?

Fleming utilized data from over 250 catchment basins in the world to
derive mean annual suspended load s in tons as a function of mean
annﬁal discharge ¢ in cubic feet per second for various vegetal
covéré:“ Qs = éQn, where a and n are coefficients for various vegetal
cover types. . The Qs was caiculated for No. 2315 station in order to
check the mean.annual-suspended sediment yield of 360 ton/km? esti-
mated. The Qs was found 280 ton/km2 taking into consideration the

‘vegetal cover over the Coruh river basin. The value of 360 ton/km? is

considered to be reasonably satisfactory in view of an order of esti-

mation. .

Probable Flood

Theiobservaﬁion:of flood peak discharges is being made by EIE at some
stréam gaging sfafions located on the Corﬁh river and its tributaries.
The list of tﬁerstations together with the measured flood peaks is
given.in Table 6-17.

The thrgé'gagiﬁg stations, Nos. 2305, 2323 and 2321, were selected to

find probable flood for various return periods at Yusefeli and Artvin

~ damsgites.,

In the £flood  frequency -énalysis, the Gumbel digtribution and the
log-Pearson Type II1 distribution were applied. Flood peaks recorded

~at the three stations. are listed in Tables 6-18 6-20. Maximum
_ historical flood peaks are 798 m3/éec, 469 m3/sec and 89 n?/sec for

Nos. 2305, 2323 and 2321 stations respectively.
Probable floods for various return periods at the damsites were esti-

mated by suﬁming up the three probable floods at the above stations
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Table 6—17  List of Measured Flood Peaks
i Sy IR I s
No. Name River *é;:l%) Period. Discharge | Date
' (m3/s) .

2302 § Tev Koprusu | Tortum 1,744 1941 - 68 227 -
2304 | Bayburt Coruh 1,734 | 1942 - 84 216 Apr.il
2305 | Peterek Goruh 7,272 1942 - 84 798 - | May 4
2306 | Aralik Aralik 70 | 1945 - 56 33 -
2307 Deviskél Deviskel 193 1945 - 59 21 -
2308 | Borcka Coruh 19,443 | 1956 - 65 | 1,169 oy 26
2310 | Kan Coruh 4,405 1954 ~ 63 509 May 7
2311 | Dikkale Tortum 1,457 1965 - 67 74 . Jul.5
2314- Catakkopru Tortun 1,965 1364 — 67 85 May. 22
2315 | Rarsikoy Coruh 19,654 | 1965 - 84 | 2,431 Apr.18 |
2316 | Ispir Kopru | Coruh 5,505 1965 - 84 449 Apr.18
2319 | Uluboga  Tortum 1,824 1970 - 74 70 May 11
2320 | Laleli Coruh 4,760 1971 - 84 328" | apr.12
2321 | Dutdere Barhal 586 | 1972 - 84 89 May 23
2322 | Altinsu Coruh 18,326 | 1972 - 84 | 1,018° | May 20
2323 | Ishan Kopru | Oltu 6,854 1965 — 84 469 | May 20
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Table 8-18  Flood Peak Discharges at No. 2305 Station

R T
16 Apr. 1942 754 22 May 1964 480
7 May 1943 239 28 Apr. 1965 350
4 May 1944 798 1 May 1966 337
10 May 1945 194 13 May 1967 .332
13 June 1946 219 18 Apr. 1968 679
5 Apr. 1947 139 14 May 1969 395
30 May 1948 246 15 Apr. 1970 276
13 May 1942 - 219 9 May 1971 310
8 May 1950 226 1 May 1972 256 -
3 May 1951 166 12 May 1973 238
7 Apr. 1952 239 12 May 1974 310
20 May 1953 226 13 Apr. 1975 241
6 May 1954 317 21 May 1976 369
24 May 1955 144 15 May 1977 402
26 Apr. 1956 206 10 Apr. 1978 412
17 June 1957 232 6 June 1979 247
16 May 1958 213 11 Apr. 1980 580
20 May 1959 401 "4 June 1981 267
11 May 1960 578 23 Apr. 1982 390
16 May 1961 191 1 June 1983 205
10 Apr. 1962 261 27 May 1984 281
2 June 1963 489
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Tabla 6—~19 Flood Paak Discharges at No, 2323 Station

Date

Discharge

Discharge -

(n3/sec) pace (m3/sec)
18 May 1965 154
2 May 1966 191
13 May 1967 249
18 Apr. 1968 422
30 Apr. 1969 378
15 Apr. 1970 146
P

17 May 1971 165
1 May 1972 174
12 May 1973 205
13 May 1974 231

15”May  1975 99.8
21 May 1976 227
' 14 May 1977 220
18 May 1978 295
14 June 1979 230
11 Apr. 1980 263
5 June 1981 1§6
19 May 1982 224

18 May 1983 97.8
20 May 1984 469
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Table 620 Flood Peak Discharges at No. 2327 Station

June

R "
1 June 1972 70.1
23 May 1973 89.0
I3 sept. 1974 80.6
13 Apr. 1975 69.8
29 June 1976 - 86.0
15 May 1977 62,0
i_15,39ﬁe :1973' 644
_727.June. 1979 80.1
10 Apr. 1980 66 .1
23 June 1981 77.9
12 May 1982 60.3
6'June_ 1953 54.8
17 1984 52.6
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