2)

3)

Penstock

A-buried—type pehstock of a gradient of 45 deg is to.
be prdvided from the intake directly - to. the
underground powerhouse. The penstock is to have a

'length of 290 m, maximum static head of 224 m, and the
‘water-hammer pressure at breaking of load is estimated

as a maximum of . 280 m.  The optimum diameter was

determined by economic comparisons, and an average

diameter of 4.0 m was adopted.

Further, since sharing of pressure by the bedrock can
be considered for a buried-type penstock, enhancement
of the safety of steel pipe can be looked forward to.

Powerhouse

As described in the part bn uomparison.of wateruay
routes, = the powerhuuse-_waéu‘selected to be an
underground type. The location of the underground
powerhouse would be selected. to. be optimuh'giving
consideration to execution of work on the powerhouse,_
dellvery of equipment, etc. From these viewpoints, it
is conceivable for the Ayvali site, when prouiding'thé
powerhouse 1mmedlately downstream of the dam, to be.
near the end of the headrace, ‘and upon qtudy including

a Work adit; the proposal for immediately: downstream'_'

of the dam was selected based on the economics (see

- Table 11-13}.

The geologY'df'the powerhouse site; accordihg to Ehe

results of surface reconnalssances ‘as descrlbed 1n.

'7.3.2(4), shows . no large - fault_ exlstlng in the

vicinity, ‘and no. problem is ‘seen in: partlcular. 
Compared wifh the geologiéal conditions at underground.:
pdﬁerhouses constructed up to the'pfesent in_vaiioué
foreign countries and at Hasan Ugurlu in Turkey, it is
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thought the geological conditions of the powerhouse
are not inferior. However, the foundation rock of an
underground powerhouse requires .otrength to
,suff101ently' withstand excavatlon of "a large-scale
underground cavern, and confirmation by means such as
exploratory drilling and adit will be necessary
‘hereafter.

. The underground powerhousn_ is composed of a main
machlne hall an access tunnel which is to be for the
transportatlon of the main hydro electrical equipment
~and a cable_tunnel which is to be_for the transmission
. of the generated power.

These ﬁunnels will be available for the transportation

. of the excavated muck of the undexrground at the early

stage of the constructlon.

.Further, the access tunnel of the length of 1,174 m,
slope 1:13° and inner. diameter of 5.0 m is to be
‘prov1ded at 1.5 km downstream of the ma;n dam.

The cable tunnel of the length of 682 m, the width of
3m and the height of 4 m is to be provided as
.:'inclined tnnnel at the left bank of the downstream of
‘the main dam. |

In.dQSign of-the.powerhouse at present, it is to be a

'coﬂveﬁtidnnl-typedﬁaﬁing a ceiling arch, and being
clese'tO'tnefdamsite, drainage galleries are to be
_ provided in”the_surrdnndings. |

The -center_ elevatlon of the turblne was set at

705 90 m 51nce a statlc draft head ofzthe turbine of
2 m'is requlred
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Tailrace

The tailrace must be of a construction to allow

maximum available discharge of 67 m%/s to be released
safeiy downstream. The tailrace length is large at
9,261 m, and since the construction would greatly
affect ﬁﬁe economics bf the Pfojéct, a study was made
of the'optimum economical_diameter,'and'5.4ﬂn_was-

~selected. The cross-sectional shape, being a non-

pressurized tunnel, was made a standard horseshoe type.

which provides good flow characteristic¢s. The result

of the edondmid_comparisons and the Rating Curve in
tailrace tunnel are shown' in Fig. 11-2 and Pig. 11-3
respectively. FPurther, a surge chamber of height
11.7 m and length of 100 m_is to be provided at the
starting point of the tailrace tunnel'to cope with

~ load breaking and sudden load increase at. the power

station.
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Fig. 11-2  Estimation of Optimum Diameter of Tailrace Tunnel, Ayval
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14.2.3. Electro-mechanical Equipment

(Y

(2)

Selection of_Number.of Units

By the same reasons as those for the Olur power station,
one is selected as the number of units of the Ayval:i

project.

' Refer to '11.1.3 of chapter 11.

Type and Ratings of Major Equipment

From the ‘maximum discharge and effective head vertical

- shaft Francxs turbine is judged as approprjate.

~ The generator is directly coupled to the‘tutbine'éhaft;

vertical - shaft, three phase, alternating current,

synchronous generator.

Generator voltage is stepped up to the transmission voltage

by main transformer.

The type Of main transformer will be single;phase,'bil-

'--1mmersed so“&s*to enable one phase replacement and easy

-transportatlon in: accordance with TEK's practices.

A spare transformer for one phase will be provided ‘for the
Ayvall power statlon.

154 kV transmLSSLOn lines, one from the Olur sw1tchyard and

two. for the. Yusufeli. sthchyard will be terminated to the

- outdoor sthchyard at the Ayvala power statlon.

:The type of sw1tchyard is: that of Alumxnum pipe bus as of

TEK'S. standard for . the tlme being,  but GIS type may be
con51dered as ‘an alternatlve to catch up with technological

aspects.

11 - 47



The ratings of major electro-mechanical equipment are as

follows;

Water Turbine

Type. |
NMumber of units
Normal effective head
Makimum discharge
Turbine output
Revolving speed

Generator

Main

Type

Number of units
Output
Power-Factbr
Voltage

Frequency

Revolving spéed 

Transformer

Type :

Number of units

Capacity ' ‘

Voltage primary:
secbndary:

Outdoor.Switchyard

Bus system

Bus

.Numbér of transmission - RO :
154kV 1 from Olur

Lines connected -

11 - 48

14.4

Vertical shaft,Francis
1 .

213.9 m

67 m3/s

126,500 kW

300 rpm

Thrx e e  -§ hase,

Alternating current,
Synchrenous

1

140,600 kVA

0.9 . lagging .
14.4 kv
50 .- - Hz

300:' rpm

Outdoor, single phase
4 (including 1 ‘spare)
47,000 kVA |

kv

154/{F kv

double bus-

Aluminum pipe

2 for Yusufeli



(3)

Main Cirxcuit Eguipment

As the powerhouse is in the underground relatively far from
outdoor switchyard, the main transformer is equipped in the

powerhouse to reduce the cost of power cable connecting

between the uﬁderground powerhouse and outdoor switchyaxrd.

A parallel-in circuit  breaker is eqﬁipped at low tension
side of main transformer and used for synchronizing
generator to the power system.

The type of parallel ln c1rcu1t breaker wxll be of load

breaking which is not capable of interrupting the current
_exceedlng the full load current for economical reason.

For interruption of fault current of the generator feeder,
the circuit breaker at high tension side of main

transformer will serve.

For connection- between. the main transformer and outdoor

switchyard,154 kV XLPE power cable will be adopted.

The number of 154 kv transmission lines which take off from
the outdoor swltchyard are, one from the Ayvali switchyard
and . two for the Yusufell _sthchyard all of which are
connected to double bus system . '

Between each double bus, one tie~circuift ‘breaker is

'prov1ded to cont;nue sendlng power with one bus out of
’fservxce. L

To. . secure statibon ' service power in -any failure of
}transm1351on llne or swltchyard equlpment, an emergency

power source of ca dlesel englne-qenerator set will be

-'equlpped in. thls power . statlon.
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Fig. 11-20 and Fig. 11-21 indicates the single line diagram
of the 'power' station and outdoor switchyard plan,

respectiﬁely.
(4) Telecommunication Equipment

pPower line carrier system (earth return) is provided for
composing telecommunication circuits for power generation.

11.3  Power Transmission Line
11.3.1 Transmission Line Route

Whether existing road is: avallable or not for the transportation
of tools and materlals has much effect on the constructlon cost

of transmission line.

Accdrdihg‘tb'the'gofuh‘river development plan,Yusufeli project’
is scheduled to be constructed priof'tozoltu project, and'most
of existing road  and 154 kV trénéhissibn.lineé which run the
bottom of valley are submergéd undexr water at'comple;ion of

Yusufeli project.

And so, it is necessary to’ plan the. transm1851on llne route among _
Olur,; Ayvali and Yusufeli SWltChYﬂId in such a way that the route
is parallel and near to the construction road as much as possxble.

avoiding the submerged area under water.
The route between Olur and Ayvall runs left bank of Oltu rlver,
and that between Ayvall and Yusufeli also runs left bank and

cross and reaches to Yusufeli sw1tchyard at right bank.’

As for 34 5 kv transmLSSLOn line taking. off Olur SW1tchyard, they
will be connected to transmission line 1rom Yusufell substatlon.
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11.3.2 Conductor Size and Tower

()

(2)

(3)

4

Pransmission Voltage and Number of Circuits

One 154 kV circuit is necessary between Olur and Ayvalu,

and ‘two 154 kV circuits between Ayvali and Yusufeli.

Conductor
Taking into account current capacity, corona discharge
characte:istiCS, mechanical strength, practice in Turkey
and TEK’s scheme, the following conductor will be adopted.
1) Between Olur and Ayvéll approx. 13 km

154 kV, ACSR 636 MCM, 1 conductor, 1 circuit

2)  Between Ayvali and Yusufeli approx. 20 km.

154 kV, ACSR. 636 MCM, 1 conductor, 2 circuits

Lightning Surge Protection

Two lines of 70 mm? overhead ground wire will be equipged on’
top of transmission tower to obtain 100. percent shielding
effect against lightning surge.

ETyPe'of PQféelain Insulator and Number of Strings

”th'insulatianCO ordination, maximum system voltage of
170 kv and hlqhest altitude of below 1,000 m asl is

con81dered

' umber of porcelaln lnsulator strlngs is determlned by the

voltage level of sthchlng surge, and also 1t is necessary

' to cope w1th the lnsulatlon level of ex18tlng equlpment
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(5)

twelve (12) sets of suspension insulator with 250 mm in
diameter is addpted for standard use for this project.

Support

In designing transmission tower, maximum wind pressure of
68 kg/m? on conductor, maximum wind pressure of 90 kg/ﬁ? on
tower and snow level in proposed area (region-3, 7.452 kg/m
of snow for 636 MCM conductor).

The profile of 154 kV standard suspension tower is shown in
Fig. 11-22,
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Chapter 12 CONSTRUCTION PROGRAM AND CONSTRUCTION COST

12.1  Construction Program and Gonstruction Schedute

Thé Oltu Project consists of. the two' hydroelectric power
development projects of Olur Project and Ayvall Project.
Construction programs and construction schedules will be prepared
separvately for the‘two power-stations.,

' 12.1.1 Basic Conditions to Affect the Construction Program

Matters in common affecting the construction programs and.
construction schedules of the two projects are as described
below. '

(1} Meteorology

The meteorologiéél conditions of this project area are as
described . in Chaptér 6. The const;udticn schedule was set
up assuring that cdre'embankment of the rockfill dam and
placement of dam concfete would be possible 10 mdnths out.
of a year, and that other types of work would be possible
to perform throughout the year since snow cover is small in

the area.
(2) Transportation

'-_Trahspbrtation'to the projeCt_site'ﬁould be in the form of
combinations of airway, ship, railway, and highway.

The nea:éSt airpoftsxto”the project site are at Trabzoﬁ-and

Eﬁzurum, whi1e the heareétfséﬁ cargo lahding ports”are at

Trabzon and qua.='Thé'hearest'failway'stations are at
" Erzurum and Kars. | ' '
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The roads leading from these nearest points to the project
site are shown in Fig. 12-1. From Trabzon and Hopa, the
confluence of the Oltu River and the Tortum River is
reached via Artvin and Yusufeli by - Natioﬁal Highways
No. 060 and No. 950, from where the projéct site is reached
by National Highway No. 060. ' ' '

Prom the Kars District, the projeét site is reached by
National Highway No. 060 going via GOle. '

From the Erzurum District, National Highway No. 950 is
‘taken,  -and going via Tortum,ﬁthe'confluenCe'of'the Tortum
‘and Oltu Rivers is reached, from where the project site is
reached similarly by National Highway No. 060. '
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(3)

1)

2)

- Construction Materials

Cement

The two cement plants at Kars (approximately 170 km
from the dam site, approx1mately 190 km from Ayvali)
and . Erzurum (approxlmately 170 km from Ayvaly,
approxxmately 170 km from Olur) would be “the main

sources of supply of cement.
Steel

?rincipal'steel matérials'subh as reinforcement and
structural steel would beISuppiied—mainly_from the
plant at Iskenderun (approximately 1,050 km from the
Oltu project site) or Karabilk (approximately 1,110 km
from the Oltu project site). -

Aggregates

Aggregates would be made on collectlng sand- gravel'
excavated from the rlver»bed at Olur Dam. or Ayvall
Dam, and from river-bed sand- gravel ‘distributed

upstream and downstream of the two dams.
Embankment Materials
(a) Olur Dam

Imperlous core materlals would be collected from
the  tableland formed by fanA dep051ts in the
vicinity of ‘Kaledibi v111age at the upstream left
bank of the dam, and from Yolboyu VLllage Those:
materials would ‘be transported to the dam site
for embaqkment ' '
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(b)

0f filter materials, fine filter is to be
excavated river-bed sand- -gravel used in river-run
from or upon classification for embankment of the

-dam.  Coarse filter is to be embanked using

river-béd sand-gravel and comparatively fine-

particled excavation muck.

Rock materials would be rock excavation muck and

‘rock collected from a quarry planed at the right
_bank downstream of the dam, transported, and

banked.

:AyvalllDamr

Impervious core. materials would be materials

_dep051ted at the Bulanlk Valley at the rlght bank

8 km downstream from the dam and at the Tavusker
Val;ey_(approxlmately 7 km from the dam) which

‘merges with the Oltu at- the right bank 3 km

upstream of the dam, and upon transportation and
stockpiling, they are ..to be blended to

._manufacture the reguired material, and then used

fcr:embankment‘of the dam.

Of filter matexials, fine  filter is to be
unscreened | excavated river-bed sand-gravel or
upon ClaSSLflCatlon for embankment of ‘the dam.

- Coarse fllter is. tc ‘ba excavated river-bed sand-

gravel and. comparatlvely fine material out of
excavated muck used for embankment

Rock’ ﬁaterials are to be Supplied from excavated
'jmuck and a quarry at the upstream left. bank of
the dam
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{4} Electric Powsxr for Construction

Electric power fér construction would be supplied branching
- from a transmission line (34.5 kV) which passes by the two

pro;ect sites.
(5) Hydraulic Equipment

'HYdraulic equipment excepting steel penstock  pipes and
steéel conduits are to be fabricated in the vicinity of
Istanbul, transported by sea tq' Hopa and then "hauled
‘overland from Hopa to Oltu by trailer, or is to be
transported all the way overland from Istanbul (or other

factory locale) to Oltu.

For 'steel penstock pipes and steel conduits a temporary
plant  ‘is to - be constructed ‘in the field, . where
manufacturlng is to be done, with 1nstallatlon carried out

at ‘the specified places.-
(6) Electrical Eguipment

The principal items of electrical eguipment are ©o be
manufactured overseas and landed at Hopa Port or Trabzon
Port, from where’ they would be transported by trailer for

installation at the powerhouses.

12.1.2 Con:struction:Program and Construcﬁon Schedule
1f the starts of operation of the two'projects are set for ‘the
year 2006, it will be necessary for preparatlons to be ‘made for_

start of construction more or less accordlng to the schedule

| below.
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