TeTes

04" 95
veris
27’28

L1765
£L765
T8 ES
16765
g1-0%
1709
L2709
FL09

Qv os
47 0% .

$6°0%

L

$L709
L7 09

4018
2068
6068

8018

01T

-gog8

£019
2048
rOLY
0Ly
ro98

wOT?”

208
2019
Y085
¥015
Y007
Po18
7047
2039
TOEY
7067
2062
TOEE
L0468
2058
Loty

2016

Z05d
T0L9
£002

019

ZIL2
089
L04id
Y05L
Loee
TTE8
SBLY
*0R%
€050
057
0lE8

T RQIR

£008

Z04E

SOEY
1054
ziie

S R004

H0ZH
7008
SOL%

04

go08
2074
4028
7099
1029
1068
2LvE

887 0%

08709 -
98709
7409
0Tty
Rgtte

1Y
Y7hTe
§6°1%

4619
SeetLe

TLUTE
68719
68719
68 1%
2419

B2 2

86" 1%
£0TE9
£0-ze

Bl

i0°29
L0 7%

RRTEY

LTarts
£7°e
kA4

21E9

b Ak
£3°4%

-LETRY
A% 44

PLILY
L8789
SET LY
079
7R
55749
S575%
PemEQ
kN
SR LD
TE P
&

so0l8

€099

gozg

T0LL
e

2025
voeg

200
TTe”

£089

TOUL

2182
1008
S0E9
018

Z0%L

£028
2168
5087
50T

7049

ipee -
€058
€084

2058
249y

yeey

zrey

5659 1099

96°€9.. 2009
E3ry

2082

9Z°95: 7005
T ve. 7055
e we’ 015
2E 49~ 5007
£E°99... S04
s8-8, £07%
Te-u9l. 2168
99 %9 TI08
6%'79 7009
TR TERTI]
8599 - 4008
65799 Elve
55799 2148
£9°99 1028
69709 2079
59109 9018
0L°v9 T E08E
0i99 210
Lowy wORL
£i799 218
22499~ 1OLL
28799 1048
i87%9 2099
$&'99  8TL
%e'9 . ED4S
96799 - 20iL
8579 5009
&899 . 50TE
00759 _PLs2
00759 5068
00759 . .8082
06759 2088
Q0" 59...9088
00*¢9. s0@e
00" ge  40BR
Q0789 €983
00°59  z0%8
00159 1038
00759, 2188
0059 TIEE
00°59 OLBS
66159 6048
0659 AOL8
0G°S9 2048
0oT59 9048
00°59 - ZLig
00t 59 1148
0c-¢9 0TLB
00°59 4008
2075% 2098
06759 4098
06-39. 2098
06°sy 1099
0648y 2199
0¢tEy . 1158
00°59 . 0T¢8
d -31Y0

087 .

00755
44T 00759
847 " 00759
ALY Q0789
PL7 7 00%49
S4% 00759 .
727 90%55
£47.°00"89
LY . 00789
1LY . 0089
QL7 00”59
&9% . 0059
asy. | 00-g9
299 1 00°59
99% Q0759
$9Y - 00°59
v99- 00759
£9% - 00" 59"
29y 0057
9% -0QTg9
097 - Q0
659 0875%
L857 00 LS
454 00°§%
957 00"59
S5v 005
¥57- . 00759
£67° 0085
g8y 00°s5%
187 . DD"s%
089 0059
6%Y 0059
arr 00t59
97 0079
9%Y 00759
S9r " 00°s9
790 0059
£%% 00589
2907 00" 59
ter Q0
G99 00"S¥
457 0o 5P
_FEY 00759
257 00759
?8Y 00" 59
567 00°5%
7gT 00759
£57 T 40759
287 00759
LEY 00759
.0€7 - 00759
627 00°59
827~ 0059
“427 00769
S92 00789
s2v. 90769
220 - 50789
g2y Q09
22y 00759
T2y 00759
oK ¢
U YU

6048
gesy

0T6L

. 6084

3LV

[

0o ee
00°59
0059
Qe 5%

“o0TEw .

12574
DI
4084
BORL
40E4

-R0LL
B34

TOS4

284

3

0tEd

8024

BoeL -

LD24

TepEL

s02s
roeL
£02L
8L
toge

etz

T12L

- 0TTL

&0TL

LB0LL

L0t
0L

S0TL
L2its
TR

%L
6002

18002

3va

00°59

1aloig NY jo uoneng b?om Head

GOt 40Y9

ovz
007 5% 1079 . 552
00789 . 2TP9  BSZ
0059 1199 N2
00749 0199 98
80°59.- 409 8L
- 00°S% BOL? vEZ
00°SY - £0R9 ££2
00°4% . 9059 2£2
00°59 -Z0S9 1£2
20°§%  TO%P U 0E2
20757 - ZILY 62%
0029 " I1L9 @22
22Z
922
52z
00%4% 1029 wZZ
00-4% . 9029 ifZz
o0*5% 0129 z2%
00T 8% 601Y 12E
00759 BOTS. 52T
00759 _ LOT9 412
00:§9 9019 . 812
00759 9009  21Z
00°59 €009 91
00759 2008 -§12
00759, - 1009 #12
00759 2T09 .57
g9°s9 | 1109 -232
00°59 . 0709 112
00" 59 4045 -0T2
0057 | 8065  &02
0D°§% - 2065  BOR
£0"§9.5 9065 402
00°5% - $065. * 902
00-59 - 7065 502
00789 - £06S YO
00759 - 2068 £02
60°59. 1085 20T
QTS TIES LO%
00769 - FLéS . 4O
00"EP 0I65 64T
0059  40BS 84T
00-9% 2083 Lot
00"5% : L0BE 941
00°5% 9085 E4T
00°59 . S0BS %6l
00759 v0BS 61
00°S9 5083 Z6l
00°5% ~Z0RS 14T
005V 1085 061
CO"S9  21BS . 4ET
00"59 1185, 8T
00"5% 0IRS -LET
00°5% 6045 98T
00°S9. 905 581
GoTS9 20Ls vET
G0"5% 90450 61
00759 5045 BT
20759 4048 18%
“ON

d EF]

02-6 2198}

20759’
015y

0Q759

00 59

0°5¢

., DO"§9

[

Q05

ol 1

00759
Clooiet.
06759,

00759
20759
Prer
a0°59

Qotew

9059
80-89

LUty

- 0°58¢
Y0R8

R07ES”

005

‘QoUse

008y

oosy

a0°sy

T"ootsy .

T

0059

0059

00 5P
00" 55.

d

£045 <. 08T
2045
1048 BLT
EVLS LT
SERES 9LT
0%is 54T
6098 ven
G095 . KLY
<4096 LT
§e98 TLT
098 -0LT
HOPE AR .
€095 BT
095" LR
1098 997
Z198 59T
1198 - ¥937
0195 91 -
6955 291 -
BOSS | 151
L0685 09T
Q058451
085 . BST
1155 45T
0155 ..95% -
6098 . 55T
2095 753
4095 “4ST -
®0%5 - 28V
S0%s IST
707§ - 08T
. £075- " 8%t
..e07s 891
1878 LWt
2175 1 99T
RiTTERIYY
OTvs T
6085 E¥L
- 8088 9T
L0688 "1t
RGLE " QYT
CE0Ls 481
‘T86S  BET
2185 L8£7
TIES  ¥3T
o188 " §KI
GOTS. 98y
Bo2s L%t
4025 2%
90ZS - IRt
<028 - 0R1
2028 - 821
TOZS-"B2T
128 LIT
1iEs - 921
0125 SIT
015 92T,
8015 - €21
LOTS - 22T
015 12T

34¥0 0N

00°5¢

Toatse

‘patse

pRtse -
00759
005w
oot sy
outsR -
g0-4¢

60759
00759

00759

Tpotsy
007s%

00759
0050 .
00759
2059
00°59
00" 59

g1

elead 1)

Q0" 59

o0t 39
d

lrots
9. 1018
ziis
C33s-

0318

al¥g

-00"59 - 40Sy

d EPR-4]

; 400755 ‘50§
"00°597 405%
2100759 P0%Y
00*5% - 208
,../00°59. . T05Y
00759 : 215%
007550 1187
00759 -.0T8Y

005G 4099
a0ree goyy
90-59 Loy
8059 payvy
0059 . 504y
0089 - v0yy
00°59, E0vY
0059 209%
F00* 59 U10%y
00759 219w
00759 1Ty
007557 " 0Ty
50759 0Ly
00°S9 . BOEY
00°59 208%
'00759  ROgY
o07ge. 205y
00°S%  T0§%
00°59. 2147
0059 TTa%
00789  OIgY
00759 _s02%
00°59 goZ%
00°s9  loZ%
¢0* 59 - s02%
00'59  S0ZY
0059 702Y
00°59 £OZY
00T 59 Z02Y
0659 102y
Q059 zTEY
0059 T12Y
90759 Otzy
Q059 &OTY
90°§9 30T
00759 LOl¥
00759 90Ty
00°59  20%%
0Ct 59 1ETy
0otEe  2TY
20°€9 111y
00TEe  Otbr
00769 6007
00TSY B00Y
00769 - L00%
0CTSe  900%
00TSY  ZoOY
00TS9  t00¥
00TSe  2rov
00°5y - 1i0Y
t0"s  olov

Qe NF NG D e

-




- o u - o o -u @ ™
a a =} a & =} a =
A

Peak Power {MW)
Energy Generation (Gh)

L N 4

_—
0 4
0 ’ _ o peak power
Pl E : ' ' . :
E ~ : va : N
&, NV \% 2 \ VTV T N
c : i : :
2 . - = | . ; N Polen L econdary Energy
E5. i NI L | ] i : U‘ | | |
T & o . SR . R : : o
g & . Sl c { . : : - Firm Energy
- £ . B : ! : l - I~
-:ég’_ 5l J 1 7_. | [ ‘m)@ . ’ |
S I T 1 v, I 1T
/ /7'/14;/ JK;//ﬁ;/ -/é;/ / /7} /] /4 /j}F ' // / / 14
Hﬂnth b a J oA Jos P r 2 b a0 bp J A R b a J b a J 0l A J b R 2 B.y-R:yg 0L A ) g PRy O R e U R IO PR JOPYRIJIOPRITCHR DU RFD R J & A.JOPAJSPSA IO PR J 0P RJE
Year igad | _194] 1943 1943 1943 1945 1944 947 1949 1950 [ 1P51 1952 1953 1954 1765 954 1957 968 1 1959 1960 | 1941 1583 1763 1984 1945

Year

T

Monthl 7 478 [ w

@ |y R J-0O

T

1967

1968

R
1972 1973 | 1974

W R 2080 LR -J 0 4 bR J oY

4 : "o a [t Al
1976 ] - i1974 1977 - 1278 _ 1979 1. 1980 1981

Flg. 9-21 - Epergy Gen'e'ra_t'ion o_f Olur Proje'cg s

1986






' Grand Total

Table 9-21 Preliminary Cost Estimation of Olur Project

Unit: Millionm TL

Relocation Road | ' 14,000
Camp Facilities - | 5,000
" Land Acguisition ' | 51,752
Civil Work _ 295,542
Diversién : 9;496
care of River ' o ' 9,857
Dam | o _ ' 107,510
Spillway _ | 1' . _ _.' 38,011
Outlet Works - ' ' o 4,356
Intake L - 13,216
Headrace Tunnel : C , ' 108,479
Surge Tank Lo T 5,429
Penstock | : o - o 2,617
Power House L 6,800
_ Swi£chyard _ ' S o 771
HydréulicﬁEqﬁipment ' 30,051
EiectrofhechahiCal Equipment _ ' 75,564
Contihgency.' o o 36,735
Engineéring and Admihistrgtion Cost 42,016
Total =~ - . o 550,660
inte:est During Construction _ _ 120,713

671,373
"(156.1 Million §)

9. - 89
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Table 8-27 Preliminary Cost Estimation of Ayval Project

Unit: Million TL

_Relocation Road . 28,000

Camp.Facilitieé ' E _ 5,000
Land Acquisition _ 34,106
Civil Work : 486,819
Diversion o ' - . 9,742
Care of River ' : 14,147
Dam 242,823
Spillway ' 63,358
outlet Works ' _ | 4,748
Intake | _ ' . 3,238
Pensfbék _ 2,333
‘Power House o 21,3&0
Tailrace ' : . 123,914
.Switchyafd S ' : 1,176
Hydraulic-E@uipméﬁt ' : | ' 24,883
EléétrouMechanicél Equipﬁent : 96,516
Contingency o : 58,052
.1Engineering.and_Administration Cost o 64,122
Totéi _ . A 797,497
Interest Du:iﬁg'Constfuctibn 190,508

988,005
(230 Million $)

Grand Total

9 - 99
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Chapter 10 TRANSMISSION SYSTEM PLANNING AND SYSTEM STABILITY

10.1 TEK’s Transmission System and OHu Project

Turkish‘ElectriCity industry has been'mainly managed and operated
by Turklsh ElectrLCLty Authorxity (TEK) The power system in
Turkey consists of 380 kV for main grid to be connected between
big- power plants and load ‘centers, and 154 kV for subsidiary
grids to be connected among'BBO kv grid, medium/small scale power
plans and local load centers.

Power-Development Program covears only the detail power generation
plants by 1995, but the power generation program after 1995 is
‘not clear enough for the system planning. Fortunately, TEK has
a hransmisSion.syetem plan idea for 380 kV system plan of 2010
{see Fig. 10- 1), and then we discussed far future based on the
TEK’'s idea. We had considered that the power produced by the
Oltu Project be used for some load centers located in the_eastern
region; but.we found that the load in eastern regions is not so
prospected since the power in the region will be supplied by
local power plants through the existing and planned 154 kv
transmLSSLOn lxnes Therefore, the power produced by ‘the OGltu
Progect should be transmltted to the 380 kV main grid through
Yusufell Sw:tchlng Station whlch is to be a part of Yusufeli
ydropower Project S L '

_Théi*transmissidn system of the River HydroeleCtric Power
Development ““cject is shown in Fig. 10-2.
;1&2'_ﬁanmnhﬂoaneHom08unmy ;

In accordance w1th the orlginal schedule, the survey for the
154 kv transm135lon llne routes. from Olur Hydrcpower Plant to the

;'eastern reglon and to the Yusufell Swltchlng Station through
Ayvali Hydropower_Plant was_performed The route from Olux . -

10 - 1



Hydropower Plant to the eastern region was not selemted for the
transmission line in thig Project because the power produced by
this Project will be transmitted to the 380 kV main grid through
vusufeli Switching Station based on the meeting among EIE, TEK
and JICA Mission. The route from Olur Hydropower Plant to
Yusufeli Switching Station by 154 kv transmission line is-
technically feasible, however, the cost will be much more than
the cost of'ordinary'trénSmissiGn'line due to the bad access to
the location of towers in the steap/wild slopes. At the stage
of detail design of the trahsmission lines, the exact location
of the towers shall be decided based on the geological profiles

of the rotte.

10.3  Site Survey of Yusufeli Switchihg Station

For seﬁdihg ‘the electric power produced by the Oltu Project: to
the 380 kv maln grld two circuits of incoming fécilities for.
154 kv transm1531on from the Ayvall Hydropower Plant and a_ step—-
up transformlng f301]1t1es from 154 kV to 380 kV.in the Yusufeli
- Switching Station to be constructed. as. a part of the. Yusufell-
Hydropower Project are necessary. Accordlng to the site survey,
it has been conflrmed that the site is wide. enough for lnstalllng
the necessary faCLl;tles for the Oltu Hydropower Project. | At the
 present, .the yusufeli Switching ‘Station is adesignéd'_asi a
conventional outdoor sw1tch1ng statlon, but the design: maY'be.
changed to that of Gas- insulated Swmtchlng (GIS) in the future.
I1f so, the space requirement for the facilities will be small,
then the space for the facxlltles for Olur Pro3ect has no problem
at all. ' '

10 - 2



10.4  Transmission System Plan for Qltu Hydropower Project
10.4.1 Conditions for Planning

(1) The electric power shall be transmitted to the demands area

economlcally

(2) The proposed”plan shall be in accordance with TEK's power

system-plan

(3) The ‘transmission line design shall be in accorda_nce with

TEK's standard design criteria

(4) The proposed system shall be 'stable even though systein
disturbance occurring on the system

" 10.4.2 Demand Areas and System lnterc_orinecting Point

_The electrlc power is to be sent ‘to- the demand ‘area in whole
Turkey through 380 kv, therefore, the Olur: and Ayvali Hydropower
Plants are to be. connected to -the 380 kv system by 154 kV
transmlss10n llnes at the Yusufell Sw1tch1ng Station. '

10.4.3 “Transmission Line Voltage

The transmission voltage to be. c’onsidered for :this project fnay
be-. 154 kV and 380 kv. 'l‘aklng short distance from the power
plants and the capac:Lty of - each power plant into consideration,
154 kv Lransm1s510n llnes are considered to be suitable for the.
Pro]ect ' Judglnq from the transm1551on capacities, the number

of 01rcu1ts of- each transm1551on llne Wlll be as follows.

:(.'1:) Olur - —Avvall 154 kV Transmission line: Single circuit -
(,2)7 Ayvall - Yusufell 154 kV Transmission la.ne- ~Double .circuit

10 - 3



10.4.4 Distance and Conductor Size of Transmission Line

According to the survey on topo@raphic maps, the_tranSmission
line distance of each transmission line are as follows:

(1) Olur - Ayvali 154 kv TfénémisSion line: appro;:. 13 km
(2) Ayvali - Yusufeli 154 kV Transmission line: approx. 20 knm

In accordance with the TEK's pfaCtice, the conductor of 154 kv

transmission lines has beén decided as follows:

- 636 MCM Aluminum Conductor Steel Reinforced (ACSR)

10.4.5 Interconnection with 380 kV Transmission System

'.fh_é nearest t'erminal' of 380 kV 9ys£em :frbi\\'_ the Projéct is 380 kv
Switching Station for Yusufeli' Hydropower Plant to be completed
befoj:é commissioning of the Oltu Proje’ct. The switchgear for the
Oltu Project is of conventional outdoor type and to be installed
in Yusufeli Switching Station since Yusufeli Switching Station

is to be of a conventional outdoor switching station.

For stepping up the transmission voltage from 154 kV to 380 kv,
‘it is necessary to install a step-up transformer at the Yusufeli
Switching Station. ' ' - :

10.4.6 Power System Slability after Completion of the Project

Before completion of the Pr;o'jec't_,' Yusufeli :HYdrOP'DWé_r-: Plant are
to be completed and to be connected to 'the'-’380"kV 't':1.*5:?;1'1srnie_3s'_i'v:):‘n"i .'

System, Yusufeli Power Plant - has 'thfée"unit$ ;of3 l80f]MW"

generators. During feasibility study of the Yusufeli ','i?bwe'r‘__.

Project, it has been confirmed that the 380 kV ’syste_m' is stable’

in even when the system di'stxi_rbar'_\ce oceurred in the sy=6tém"duringf.
full load (540 MW) operaticn of Yusufeli Power Plant.

10 4



The power plants of the Oltu Project is to be connected to the
380 kV system at the'Yusufeli.Switching Station. S$ince the total
'capacity'of two -power plants (190 MW) is less than that of
Yusufeli Power Plant, any disturbance on the 154 kV system of
Oltu Project will not affect to 380 kV system seriously.
Therefore, for the Oltu Project, the system analysis was made on
the 154 kV system only.

10.4.7 Result of Power System Analysis

Short circuit current is the maximum at the time when three phase
short circuit at the 154 kV bus of the Ayvall.Power Plant and the
value is not mdre than 50, KA. Judging from the value, it is
_conflrmed that the standard series of the circuit breakers is

appllcable for the PrOJect.

For the steady state system stablllty,'it should be cdnfirmed
'that the Phase angle between the transm1551on line termlnals, say
sending end and rece1v1ng end, shall be within 60 degrees even
if - the llne sendlng full power on the line. According to the
analysxs, the phase angle is. within the criteria stated above and
f'lt is conflrmed that the gsystem is stable in the steady state
_operatlon.__

For transient stablllty of the systen, it shall be conflrmed that
the 'system .is_ transiently stable under 'the most serlous
condition. ' The most serjous cohdition will be the case.that one’
circuit of the line between Ayvall dnd Yusufeli Switchyard has
zthree-phase ground fault near Ayvall Power Plant durlng full load
~operation of two power plants and the fault be cleared by
' dlsconnectlng the fault c1rcu1t_by mean of the transm1951qn line
pfoteetive relaying'syatem."As the result of - the analysis, it
is confirmed that the system is stable tran51ently and the both
power plant can ‘continue the operatlon.

10 - 5
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Chapter 11 FEASIBILITY DESIGN

This Chapter describes the feasibility designs of civil
 structures, electroamechanicalequipmenﬁs'tranSmissionline,and
temporary facilities for construction of ‘the Olur and Ayvall
progects,‘respectlvely

The fesults-of studies of the designs of permanent facilities
such as dam;, SPillWay; intake, headrace tunnel, surge tank,
penstock, powerhouse and tailrace tunnel which are situated as
the main structures for the power plant are described lncludlng
comparatlve d951gns of prlnCJpal structures. C

11.1  Clur Project
11.1.1 Dam and Auxiliary Structures
(1) Location and Cutline

The.projectéd damsite is located at the upstream part of.
~the Oltu'Riﬁer, aﬁtributary'of-the'goruh River at the east
side. Approximately 10 km downstream of the site'for the
Olur dam there is the Ayvali dam which is lncluded in thlS
Oltu Project and next downstream, the Yusufeli Pro;ect

TheutopograﬁhY'at'the Sité_ofﬂOlur-bam'is'that of a V-
”shaped;ﬁalley morefdruléss symmetric'rigﬁt_and“left with
slope. gradieﬁts of about 30 to'35'deg- Regarding the dam
-axis;_there is bes;des ‘the present dam site a site of
_'compardtlvely good quallty as a dam axis from topographlcal
| and geological standPOLnts approxxmately 500 m downstream,
~and: -an 1nvest1gatlon of this site had ‘been carrled out.
-;Accordlngly, an - economlc comparlson was made of the two dam
'axes, upstream and -downstream. 'As a’ result the dam volume
 for the upstream.proposal was 3.7 x 103nﬁ, and - that for the

11.- 1



(2)

downstream proposal 5.3 x 10° m’, so that the downstream
proposal will have a vdlume 40% lérger than the upstream
proposal. The lengths of the diversion tunnels would be
roughly equal. On the other hand, the:excavatibn~volumef

for the spillway would be 16% larger for the downstream
propoéél compared with the upstream propoSal. Further; the
distance between thé two dams would be 500 m and it was
found. theregwould be hardly any'differenée in the amount of
water storage, and it was judged reasonable to select the
upstream proposal for which the constructlon cost would be

cheaper.

The riverbed at thé dam51te _has sand-gravel layers
deposited to a thlckness of approx1mately 45 m. It has

‘been conflrmed that gravel of maximum size 30 cm and fine-

particled sand are deposited in stratifiéd form  in: these .
sand—gravel layeré, The stratigraphical seqﬁencé.conSisté_
of a sand-gravel layer of 25 m at theitop,'a saﬁd‘layer¥ofp
25 m, and then a sand-gravel layer of 5 m to reach the

‘foundation rock.

The ground surface of both abutments has almost no top 5011
or’ trees,‘ and weathered rock .is exposed at the whole
surfaces. ' The depths of weathering of the foundation rocks

‘at both abutments are about 3 to 8 m. The foundation rocks

at both abutments and the river bed are haxd ‘and’ large

faults have not been conflrmed _ Therefore, the'

topographlcal and geological conditions make’ it pOSSlble to

construct even a concrete dam as well as a: rockflll dam
Selection of DPam Type~

Varlous types are conceivable for the dam, but generally,__
a f£ill dam and a. concrete dam can be clted. ‘The. malnf-

- factors in dam deSLgn are the two po;nts that the. dam ‘body

including the foundation . is = stable and that_; the

_construction cost is economical. .



Phe gquality and quantities of materials available in the
vicinity_of the damsite have a strong influences on the
selection of the dam type, and these are important factors
“from the-étandpoint of the economics also;"The results of
investigations and tésts of the geology and materials in
the surroundings of:the'damsite were examined taking these
~into account for Olur Dam.

The great.feqtﬁre'df the surroundings of‘the_Olur damsite
of the'abUndahtly'exiSting river-bed sand-gravel and talus
.dePOSits ‘was fdchsed. 6n; and utilization of thése was
studied,

According'to the site investigations, the gradation of the
river deposit materials is fair. If the oversized material
can’ bé eliminated it may be judged that 75% of the
: materlals can be amply used as the concrete aggregates and
the filter materials which are on the coarse side.

.ZWhéﬁ 1ooking upon the ri#er—bed sand—gravel as material,
~ both -quélitY-gand quantity. are adequate, and from the
standpoint . of Qfadation, although there would be a
necessity | for congideration to be glven in  design and
aconstructlon dependlng on the use ‘and the range of the
fluctuatlon of the grain size, it is thought possxble for
the selectlon of dam type to be made over a broad scope.

- Factors to_be.consideréd in selection of'the dam type, as
,5hbwﬁiin:Table'11 =1, dlrectly are topography, géology,
meteorology, . hydrology, seismicity, dam  scale and
}avallablllty of dam- materlal quallty, quantity and place.
~Ind1rectly, there’ are also the lnfluences of conditions of

-.”purpose of constructlon, constructlon perlod technologlcal

3capab111ty, labor force, constructlon machlnery,_etc. And
the fundamental matter is for the most economical type to‘
be selected upon securing the reguired degree of safety.
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In the. folloWing, the features in type selection of

concrete gravity dam and f£ill dam which are widely selected

will be described.

1y

2)

3)

A concrete gravity dam is the most general type, and
whatever type may be finally selected, it is made an
object of comparison study.

‘Hollow gravity dam and buttress dam are few in

material-savings ~effects . compared with~ their

~ complexities in construction, and their advantages are

becoming lessened.

In case of a fill dam, ‘it .is capable of adapting3éVen
where the geology is comparatively adverse. . A fill

dam is extremely weak against overtopping by flood on

the other hand, and where the catchment area is large,
it is necessary_for a special study to be made of  the
method of controlling of flood.

. A concrete or asphalt facing type fill dam has a
-weakness in the facing -against settlement and
earthquake motion, and it would bé-inadvisable to .
select this ty?e"unless' there are -cdnditions
allowing the water 1eﬁe1 of the_reservdir=to be
lowered for inépectioh.and repair of the facing.

e A zone-type fill dam is comparatively stable against
‘settling compared with a hdmogeneOus.type'fill-dam:
so that-the-majority of dams aré_éf'thiS'type.
There are center core type and inclined “core. type :
'depending_on;the-location of the impérvious.core.
Recently, the center core type has been adopted. more
often. | SRR |
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Table 11-1  General Factors for Dam Type Selection

Factor[Type Concrete Dam Rockfill Dam
A p1ace where there is no Nothing in particular
: _ extreme drop from upstream for the topography.
Pam-site to downstream or no . R R
Lo ; canh scraggly ridge. The space of spillway
pograpiay should be considered.
A-narrow V-shaped valley in
case of an arch dam,

. Stréngth of foundatibn'rock 'Sélectéd often at sand-
Dam-site high ecially river bed ‘el £ dati a
eology igh, especially river be gravel foundations an

g. and both abutments, rock foundations.
Meteorological ‘No' limitations in- Limitations in core
conditions particular, constructibility.
'Dém héight’ Ho 1%m1;ations in No 1%m}t§t10ns in
SO particular. -particular.
Material- ‘When concrete aggregates when Both'core_énd'rock
conditions ‘obtainable. materials obtainable.
Cdﬁsffﬁcﬁion Depends on topography and L1m1tgt10?5.1?
, N scale but rapid constructibilitcy of
conditions ‘

. construction p0331b1e. core,

' fWitthhé above £akeﬁ”iﬁ£o cOnéidération;'thé dam type
is consxdered capable of conformlng with the 51t1ng
.characterlstlcs ok the Olur Dam and the recent

'technologlcal trends are to be selected

Flrstly, thh regard to f111 dams, an iﬁtérior core
type is donceivable from’ the various condltlons above,

‘_Concernlng core materlals,'there is a dep051t along
the road at Kaledibi on the left bank,

road at gite on-

11 -5 -



approximately-B km upstream from the dam, which can be
utilized as core material in large quantity. As -
coarsenparticléd'sizés are somewhat high in content,
it is_thought to be effective for this to be used in
- blending with'some amount of fine—gtained'mmterial
whlch is conflrmed -at the Yolhoyu site. But there
_ will be no problem in Securlng a quantlty of about
600,000 m. . C

As for rock materials, there is a guarry site,
approximately 1 km upstream in a gully on the right- '
_bank side immediately downstream of the dam, from
which large-scale collédtioﬁ will be possible.”

Regarding both abutments at the dam51te, it has been
confirmed as a result of lnvestlgatlons that fresh
foundation rock can be obtained’ by excavation of 3 to
-8 m.  The river bed CQnsists-of depoéitsjof~thickne33
as much as 45 m, and methods such as  removal _bY 
excavation and by grouting or cut-off slﬁrry'wélliﬁg.
method are conceivable. But since the dam height
exceeds 130 m, the .Safest_imethod. is removal by

excavation of the core portion alluvium.

Regarding the foundation of - the dam, lf is normallyj“
considered that there will be rlsk of llquefactlon in

the follow1ng cases:

« When a sand layer exists within 15 m from the ground

surface

+ When vaalue in the standard penetration test is
under 15. (In case of fines content 15 to 35%)

"+ When puréiy' a sand layér consisting . of médiumé:
grained sand of uniform. partlcle gize and s;lt and ,
clay content is less than 10%, '

11 - 6



+ When a sandy soil of content of fines {74 p and
under) is less than 35%.

-Regardihg the sand layer existing at the foundation of
Olur Dam, accordlng to the results of J_nvests_gatlons
made so  far, since 1t has been found that the
thickness from . the ground surfaCe .is approximately
25 'm, and N-value from'additional boring was higher
“than 15, it is consideréd that liguefaction of the dam
foundation will not occur. In the aspect of design,
waltlng zones were provided at the cofferdams upstream
and ‘downstream of the dam giving consideration to
Stablllty of the tops of the slopes © However, in
further detailed desmgnlng, it will be necessary for
conflrmatlons to be made of the distribution of sand
layers over a wide ‘area - and'-_0f , grain-size
distributions through additional investigations.

In case of selecting a rockfill dam, the spillway is
to be made a chute type'ofIWidth 46.5 m at the right-
bank side because of the topography) in order to
safely release the design flood discharge of 4, 750 m?/s
(PMF). The energy dlSSlpatlng device at the bottom
part is to be made a flip bucket type. :

~ On the other haﬁd, a concrete dam would 'fequire
further investigations to be made such as of bedrock
' strength. But a straight'gravity'dam'of a géneral

type of cross section is to be considered. |

In'caSegof_a concrete dam there would be advantageous

. aspects compared with'a fill dam with respect to £lood
 disposa1 and thé:'liquefaction. of the foundation
” ment1oned prevlously 'Furtﬁer, when. considering this

.._type_of dam, 1t would be necessary for investigation

to.beimade of_ltems‘such.ag_foundatlon rock strength,
but a concrete arch dam which is possible to an extent

11 - 7



was also made an object of comparison. Further, in
case of a concrete dam, a large quantity of good-
guality cement would be required, and Kars which is
ccomparatively close.-byf ﬁay be considered as the
candidate production site.. - In this lcase, the
transportation;distance would beﬁapproximately 170 Xkm,

while road conditions are favorable.

' With the above as the objects, basic designs were made
of the individual types, and the results of comparing

the economic  natures are as shown in Table 11-2 and

© Table 11-3.

From the above results, a rockfl]l dam may be
considered to be. advantageous with’ respect to the
economics, and for the Olur site, although dependlng 
“to an extent on the reSults of further lnvestlgatlons,
a rockfill dam is to be adopted in this study.

1 - 8.



- Table 11-2 Comparison of Dam Type, Olur (1)

specification/Type  Reckeill  conerere  fomowete

.High wvater level’ @, 1,105 1,105 1,105

Dam Ih.eight (m) | 13 | 137 146

.’Spillway: tfp'e _ Chuﬁe - .. Center Center :fr.ee
overflow fall weir

cate . - R Radial Radial -

‘W x H (m) : : 135 % .16.5 13.5 x 16.5  ~--

Spgcifiéation’é | |

D'i\'r:e-rsij_on‘ tunnel length {(m) | 330 _ 50é 69'6‘

1u31de diameter””(mﬁ R 6.0 6.0 6.0

Da;ﬁ-egqavz}t_ian-los W) st 1,396 1,686

pam volums (103 m) © . 3,818 1,045 874

- Spi.llv,»zjéy .exc'_a__\.fation (103 m3) 546 ' _— e

W1l - 9
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(3)

Designs of Structures

1)

Dam

As stated up to the preceding clause, a rockfill type
is selected for the Olur Dam.  The tobcgraphy.and
geology df-thé'damsite are as previously described,
and"with'nothihg'to pose a problem, this is a site

suited to this type of dam. Regarding the type of the
1mperv1ous core, recent high rockfill dams (more than
100 m) ln_the world have almost all been center core
type, and sihce there is no topographical condition at
this: site for an anllned type to be adopted in
partlcular, a4 center core type was selected.

Concerning thé_Width:of the core, a ‘core having a
thickness of 30 to 50% of water.pféssure”is cthidered
to be safe even under fairly adverse conditions
regardless of the soil and dam height. The cﬁ;re
material_ﬁorlolurunam is available at the left"bank
3 km-upstream, and this has a high content of coarse
particles, but  quantity can be secured with
qOmparative ease. Because of this, the core wasqméde

some-what thick and about 50% of water pressure from

the viewpoints of permeability and  securing of

~ quantity. Regarding dam configuration, a horizontal

seismic coefficient of 0.15 was adopted, the examples
of similar sites in Turkey were referred to, ~and the
upstream slope was made 1:2.2 and the downstream slope
1:1.9. Regardlng stablllty of the dam, the result

that theré iwill be. no special problem has . been
-¥obta1ned also in stablllty calculations 1nclud1ng the

dam foundatlon {See Table 11-4)

-Régarding dam'materials'such‘as'for the filter and’

rock: zones, the abundant rlver—bed depOSltS and muck

ﬂfron excavatlon for structures are to be diverted as
-much as possxble, and a zone type is to be adopted.

11 - 11



A quarry is to be provided at  the xight bank

downstream of the dam.

Table 14-4 Stability Analysis of Olur Dam

Hydi"os‘tat‘.‘rc Pressure Hinimum Safety Factor
e - Pore - " Seismic
Condition . T
' Upstream . Downstream Pre.ssurg coefficient Up-st. Dn-st.
Side Side Side Side
End of Construction |Water Level. |Water Level. |Value at the
) : ‘ end of ——- 1.9 2.0
« Hormal 1,026.00 1,026.00 | Construction
End of Construction | Water Level |Water Level |Value at the . : :
i o o end of k=0.10 1.3 1.5
« Earthquake 1,026.00. 1,026.00 | construction
‘| Steady Seepage H.H.L, 1¥ater Level - | Based on .
steady o 9.2 2.0
+ Hormal 1,105.00 1,026.00 | seepage at e -t
HH.L N
‘Steady Seepage HMLL. ‘| water Level | Based on .
o - steady
+ Earthquake 1,105.00 1,026.00 [ seepage at - | K015 1.5 1.3
H.H.L KL,
2) Spiliway

It will be neceésary for the spillway to bé'capéble of
safely releasing the. flood ' discharge of
4,750 w'/s (PMF). From the standpo;nts of ‘topography

design

cand geology, it would be possible for the splllway to

be provided at either bank, rlght or left, ‘but whenx-_
the plan configuration such as the flow dlrectlon and -

excavation volume are‘conSLdered, the-rlght~bank side
would be suitahle._-Accordingly;'a chute-type spillway
of width 46 5m w1th 3 gates is to ‘be provxded on the

right bank. - The energy dlSSlpatlng dev1ce at the

Al - 12



- 3)

- bottom part is to be made a flip bucket type since the
'.rlght bank on the downstream side happens to be the

ocutlet of a large gully, the fan deposit is deep, and

- provision of a  large-capacity stilling basin is

difficult topographicallyf Moreover, there are no
houses in the viecinity.

Care of River

Care of river for the dam would consist of upstreanm
beferdam, diveféion tunnel, and downstream cofferdam.
The :upstream cofferdam is  for the purpose of
preventing inflow of river water to the work area’
during construction of the main dam, and dlvertlnq the
river water to the diversion tunnel.

.Thé=location of .the upstféam'cofférdam was arranged
'further upstream from the toe of the main dam in order

to faCLlltate excavation of the tthk r:verubed
deposit at the  core ‘section and to prov1de a extra
banklng for. the counterwelght between the main dam and_'
the cofferdam taking into account the fact that the

foundation of the rock zone contains sand and silt
-layersr.VThe_height of the:cofferdam was set for a
design flood discharge (332 m’/s) of 25 years return

period £lood. But to increase safety, ‘it was designed
so.-that when the water storage effect was considered

Zthere would be no overtopplng even with a 50 year
- return perlod £lood (376 nP/s)

~The helght of the cofferdam is 22 m-and is to be such
-that overtopplng wxll not occur in the flood season
..and:the;cofferdamris.to be completed durmng the non-
zflbodeeéson17':The'diveision tunnel is to have a
- discharge cross.seétion (D'“'G 0m, L = 530 m) with
- wh1ch it would be: possxble for the design £lood
: .dlscharge to be released completely downstream without
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overtopping the cofferdam in the fidod season, and in
a manner that the construction cost including  the
cofferdam would be cheapest. The heigﬁt of downstrean
cofferdam was determlned as 6.5 m that the downstream
water level wou]d not overtop, during the flood

season.
Outlet Works

Qutlet Works are to be provided for the purposes of
irrigation downstream. at the time of initial water
impoundment and emergency dewaterlng - The outlet
works is to be provided by the conversion of the
diversion- tunnel to a valve chamber; but sxnce the
dlverSLOn is planned with a s;ngle tunnel, 1t is to be
of a construction possible for branching to be done at

the section of the diversion tunnel for plugging of 

the diversion tunnel.

The outlet works would consist of a high pressure
valve and a high-pressure slide gate for emergency

purposes.

The inner diameter and the length of the: outlet works

are 4.0 m and 148 m respectlvely, and the dlameter of
the high pressure valve is 1.5 m. Outlet Woxrks 13
consisted of a main valve and an emergency high

pressure qate.

The 1nlet structure of the outlet works is to be of
reinforced concrete and prov1ded at the leerSLOﬂ
tunnel lnlet, the elevation ‘being set at. the v1c1nlty
of the planned sedimentation 1evel of the resgrvoir,

‘The capacity is: set for it to be p0331ble for a deSLgn

discharge of 44 m’/s to be released at high- water level

of the reservoir. Futhermore, hes;dQS-the emergency-

11 - 14



(lf

outlet valve, a facility for irrigation is to be
provided.

11.1.2 Waterway and Powerhouse

Location and Cutline

‘The headrace'of the Olur Project is to consist of a tunnel

of approximately 10 km from an intake provided at the left
bank = of the reservoir and taking advantage of the
meandering:of the river to obtain a head of 180 m.

'The geology of the route of the tunnel is as- descrlbed in
'7 3. 1(3),‘and although faults and sheared zones to be

especrally problematlc geologlcally 1n tunnel excavatlon

‘have not been recognlzed, there is a part near the end of

the headrace where deposits are thick.
Study of Waterway Route

For the headrace route, what is first conceivable is the

'shortest path connectlng the lntake and powerhouse. -In

.-_thls' proposal the waterway length is approxxmately

S, 660 m, whlle it is 1m905u1b1e to provrde work adits along

'the way because of the topographlcal condltlons In tunnel

excavatlon in general in case of the conventional method,

-1t is effective to provide a work adlt at about ‘every 3,000

to 5y 000 m when consrderlng work eff1c1ency Therefore,

| ;comparlson studies were made of the three alternatlves of

a ‘case of excavatlon of the shortest route by the

ﬂconventronal method a case of excavatlon by TBM (Tunnel

: rBorlng Machlne), and’ 'a3 case ofj excavation by the

 convent1ona1 method but providing a. work adit at an

':_1ntermedlate pOlnt as shown in Table 11~ S As a result, it

"was found that the excavatlon of the shortest route by the
'conventlonal ‘method would be ‘the cheapest but

11 5 1S
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(3)

approXimatély'_?O months would be required for the
construction period. " The TBM method would shorten the
construction period to' 34 months but the construction cost

would. be increased approxmmately 37%. in the case of
provmdlng a work adit, it would shorten the construction
period to 48 months but the constructlon cost would be
apprOXLmately 14% hlgher whlle there also would be loss in
kwh =p’roduction  due to increased tunuel length.
Accordingly, the construction period in case of the

- shortest .route by the conventional method would be

problematic. But when the dam construction period
including'oaré of river works such as the'diverSion-tunnél
are taken ihto_consideration, it could be judged that the
overall construction schedule would not be impeded if
tunnel éxcavatjon ware to be commenced at an early stage.

The" orlglnal plan for the conventlonal nethod with the

constructlon cost the lowest was adopted.

Designs of Structures

1) Intake

‘The. intake isoto_be provided at a gully at the left
bank-app:oximately 1?0 m upstream from the dam axis in
=coﬁsidérétion of ‘the tunnel route, the:topographical-
‘and geologlcal condltlons, and the plan for an access

road

. The topography and geology of thlS site are as
-_idesorlbed in 7. 3 1(2). There is no problem regardlng
fthe foundation for the intake structure. However, the
utopography is that of a steep slope of approxxmately
40 deg “and -if open' excavation for_ the intake
structure were to be done exce551vely, it is thought
it would be dldevantageous both econOmlcally and in
fthe,aspect_of ‘slope stablllty durlng construction.

'T‘Théftype'of intake_strucﬁure was-considered:making_a

11 - 17
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2)

comparison study of the construction costs for the
three conceivable types, As a result, an inclined

type was judged to be optimum with respect to the
~ economics and constructibility. The alternatives are
-shown in Table 11-6.

The elevation of the basement of the intake structure
was decided at elevation 1,067 m; to ‘take into
consideration the future sedimentation, and also the

' elevation can avoid the vortex for the conduit system.
‘Headrace

- The topography and geology of the headrace tunnel

route ‘are as descrlbed in 7.3. 1(3), and there are no

'serlous problems posed in partrcular Of the tunnel

route there is a part of thin overburden near the end
of the tunnel This has been conflrmed by results of

- seismic prospectlng, SO it was consrdered to 1nstall

the steel llnlng about 250 m of.this_part.

The elevatlon of the center of the headrace tunnel was
decided _at_ elevatlon 1, 056 5m to take into

consideration pass1ng the thin overburden part, and
" ‘the down surging of the sudden load reduction of the
power. '

'The'inner diameter:othhe tunnel, as a result of'ther

economlc compar;sons shown in Fig. 11- 1, was decided

. to be made 4.9 m. Consrderlng ‘the fact that the
-'_geologlcal conditions of the tunnel route are

 §eherally7févdrable; 1t is thought there would be

7ample safety agalnst the antlcrpated internal and

external pressures thh a llnlng thickness of 0.4 m.
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Surge Tank

The length of the headrace in the Olur Prdjebt is long
at approximately 10 km, and 'a  surge tank will be
needed in the headrace to adjust available water in
accordance with sudden lncrease in load at the power
statlon_and to absorb water- hammer actlon.when the

sudden load reduction occurs. The sirge tank is to be

_provided at the upper part of a ridge at the left bank
immediately downstream of the village. The topography

of the surfoundings is complex with almost no topsoil,
and slopes are steep and rock masses are outcropped.
But an access road can be préVidéduwith comparative
ease from the upstream side. No problem geologically

has been. pointed out in particular.

The two types of restricted orifice type and water
chamber type were examined for the type of the surge

‘tank in view of the topography.: Thé results of the

examinations are shown in Table 11-7. As a result, it
was’ ‘found that the restrlcted ‘orifice type ‘excelled
wmth respect to the economlcs, and that it would also
be superlor in constructlblllty The 1n81de dlameter
of the vertlcal shaft was decided on at 12.m bas sed on
the condltlons for static and dynamlc StabllltY of the

water surface.
f?én%tbdk

- The' penstock is to be ldcated'roughly down the middle

of the ridge connecting the powerhouse to be provided

'_at'.thé rivérnbed, immediatelY"downstream: of the
'fvllldgef and'fthe"surge tank, and has. a plan

conflguratlon of a more or less stralght line from the
surge tank tonthe powerhouse (OPK Alternatlve).
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This sits is sliéhtly rugged in the vicinity of the
surge tank, but the geology is favorable, as indicated
in ?.3.1(4), and it is suitable for a surface-type
penstock which would be easier to construct.

Further, for an elterhative pehstock several upstream
lOCﬂtlonS were studled for rough economlc comparlsons,
-and fLEld reconnaissances ware made, and as a reeult

a site approximately 300 m upstream (OPT Alternatlve)
was seldcted. In the event this alternative is
edopfed ~ the thalweg of the river wonld become
dlstanced from the’ ‘headrace, and since there are river
dep051ts in terraced form in the v1c1nlty of ‘the river
bed, a layout providing the powerhouse 1mmed1ately
-below the _penstock and leading: to the river with a
lculvert tallrace would be provided. Concernlng the
foundatlons of the powerhouse and  tailrace 1n | OPT
Proposal, the depths of the basement rocks are 60 m
which have been confirmed through exploratory drilling
hand'eeismic_prospecting. |

The_results'of studies on the two cases above'are
giVen in”Table 11-8. - As a result, it was judged that
-the OPK Proposal is superlor in the economics and
'hydraullc characterlstlcs would be advantageous

_The penstock would have a length of 436 nliand a
-max1mum_-statlc "head of 181 m, and deSLgn and
constructlon of steel'pibe can be amply done besed on
domestlc procurement in Turkey. The average diameter
-would be 3.6 m,-falrly large- -diameter for a surface
'7penstock Therefore, the turblne center elevatlon was
.studled so that even when there is load varlatlon at
“the turblne when “the dam water level is lowered
3;negat1ve pressure Wlll not occur in v10lnlty of the
‘upper bend,’ and,EL. l,046ﬁm was adopted.
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3)

Powerhouse and Switchyard

‘The powerhouse would be located at the left bank where
" the 0ltu River, near a village 7.5 km downstream from

the damsite, bends roughly at a right angle. The
topography and'geoiogy are as described in 7.3.1(4).

The ridge at the left bank, to be the penstock route,
forms a steep cliff near the river edge. Immediately
below the penstock, there is a part where taluses from
the ridge are depoéited so that 'the péhSthk route
will be located shifting slightly to the upstrean side
where QUtcrdppiﬁg'of basement rock has been confirmed.

It is p0551ble for a ground surface type powerhouse to
be - provided at this .Slte from & topographlcal
standpo;nt and a tailrace would be unnecessary, so
that  a comparatively compact power station can bé'
provided;ﬂ while an 'aCcess road and an equipment'
de;ivery'road can be reédily connected.

" The elevation of'théfpdwérhouse at the groundqsurfaCe

is ‘selected ~at EL. 934 m from the standpoint of

" equipment layout. The design flood discharge at the

'"pbwerhouse :éitéf*ié taken to be 500 m%/s (200 year

- return period f£lood), and the water level in this case
wculd'be]at'élevatién2930 ™ o

'Consecuently,_thls powerhouse would have a reasonable_
helght allowance even during flood and it may be sald -
'there would be no’ rlsk of inundation.

Regarding the sWitdﬁYardw"there is a flat .river

-_terrace area at a p01nt 100 m upstream and it would be

p0351b1e for the switchyard to be provxded with only
a small amount of excavatlon On. the other hand as
for an- alternatlve, *af site approx1mately 300 m -
upstream (OPT- Alternatlve} is conceivable as nentioned
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under the clause'on the penstock.. This powerhouse
site would be prov;ded more toward the mountain than
the riverbank terrace due to the topography, -and
‘therefore, would require a tallrace ‘of apprqxlmately
250 m.

11.1.3 Eleciro-mechanical Equipmént

(1)

Selection of Number of Units

.The'inetalled caﬁdcities of both Olur and Ayvali projects

are 65 MW and 125 MW, respectively.

Keeplng the 1nstalled capacity as Lhe same, there are many

concelvable ~combinations . of number of unlts and unit
capacity, but the fewer the number_of unlts.ls,-the_more

economical the construction cost becomes.

The relatlvely high turblne efflCLency will be obtalned in

_the case of a one unlt compared with a two unit case,’ and,

thus result in the increase of annual ‘energy productlon.

_The folIOW1ng hydroelectrlc power generatlon plans in the

downstream area of _goruh river are scheduled_ to be
constructeq and conneeted to 154 kV or 380.kv,networkg to -
which both Olur and Ayvall_rpower stations are -also
incorporated. ' '

Yusufeli 180 MW units

X 3
Artvin _160 - MW x 2 units
Deriher 167.5 MW x 4 units
Borgka = 150 MW % 2 units
Muratli .. e57.5_MW x 2'unite

On account of operation of those power stations as a greup,
~selection of any operable unit in the grOup lncludlng the:
Olur and Ayvall power bt&thHS does not ralse any objectlon

i1 ~ 26



as - ‘each - unit has. a similar unit capacity or is
interchangeable; i.e. when one is selected for the number
of units for both Olur and Ayvall power stations.

-;Even in the case of unit shut down of the Olur or Ayvali

power station by fallure there is no undesirable affect on

‘the power system sLab;llty in one unit case.

‘The transportation road up to the Yusufeli site will be
‘constructed in advance of this project, and the upstream

portion from the Yusufeli site to this project site is to
be extended during construction of this project.

The downstream portion ‘of the transportation. road is

‘sufficient to trdnSport bulky items of this prdject as the

unit dimensions and weight of this project are less than

.‘_thOSemof Yusufeli project, and also obVious increase of

(2)

construction cost for the upstream portion will not occur,

even in the one unit case foxr both power stations.

Taking all those above mentloned, the number of units for
both Olur and Ayvall power stations will be one ‘each.

TY?G and RatiﬁQS'of Major Equipment

._From the max;munl dlscharge and ‘effective head, vertical

shaft Franc;s is 3udged as approprlate.

The geﬁeratcr;iS'directly coUpled-to the turbine shaft,
.#ertical{_ shaft, three phase, ‘alternating cuxrent,

syndhronous_genepator.‘

V_Generator voltage is stepped up to the transmission voltage
by maln transformer. '

'The'pre.ofiméin'transfbrmer will be three phase, oil-
immersed, as the capacity i§ not so :large, and weight and
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dimensions less .  than transportation limitation,
accordingly. ' '

154 kV transmission line will be terminated at outdoor
switchyard to send power generated at Olur power station to
- Ayvali switchyard. '

The type of switchyard is that of Aluminum pipe bus as of
TEK's standard for the time being, but GIS type may be .
considered as an alternative to catch up with technolbgical
aspects. ' '

The ratings of major electro-mechanical equipment are as
follows;

Water Turbine o o S
Type L Vertical shaft,Francis-

Number of units - 1
Normal effective head le.?-m
Maximum'dischérge'- 48 m/s
Turbine output 66500 kW
Revolving speed 333 '.rpm
Genefétor _ : ‘ : :
Type ' ‘Three  phase, - Alternatihg
- _ : Curreht,synchrondué.'
Number ‘of units '  1:__ _ S
Qutput 74000 kVA
Power factor - 0.9 - laggin
letage 11 sz~ s
Frequency _ 50 - Hz
‘Revelving speed 333 rpm
Main Transformer . R R
Type . " Outdoor,three phase -
Numbexr of units 1 o
Capacity s 74000;RVA“

11 -'28



(3)

Voltage primary: 11 kv
secondary: 154 kv

Outdoor Switchyaxrd -
Bus system single bus + transfer Bus

_ (future):
Bus : _Alumlnum pipe
Number of- transm1551on : _
lines connected 154 kv 1. for Ayvali
' ' 34.5 kv 1 '

Main Circuit Equipment

As the powerhouse is a ground surface type, the main

transformer is equipped at outdoor switchyard near the

powerhouse and generator lead and main transforméi are
connected by 11kV power cable or.segregated.phaseibus.

A parallel-in citéuit breaker is equipped at low tension

side of main transformer ~and used for synchronizing
generator to the power system.

The number of 154 kV transmission lines which'take off from

:‘the outdodr--switbhyard is only one for ' Ayﬁall

sw;tchyard at the time of commigsioning, and the elngle bus
system is applled accordlngly

‘.Another one 154 kv transm1531on line is planned for future

extenSLOn, and’ the space for the outdoor : swmtchyard will be
such that ong tpansfer bus_can be added. It is TEK's
practice to'provide‘d"transfer bus to enable the inspection

- of: Cchult breaker for transm1551on line w1th the llne
5ial;ve and’ by—passed through the transfer bus.

;Dne'feeder*is:branched-from the singlefbns-to a step-down
'-transformer and connected ‘to one 34. 5 kv tranSMlSSLOn llne
: and one 6. 6 kV statxon serv1ce Cchult
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(4)

11.2.1

(1)

To  secure 'statlon' gexrvice power in any fallure of
transmission line. or switchyard equlpment emergency -power
source of a diesel engine-~generator set will be equlpped_ln

this power station.

Fig. 11~11 and Fig. 11-12 indicate the single line diagram

- of the'power station and switchyard plan, respectively.

Telecommunication Eqdipment

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

and dam operatlon.

Ayvali Project
Dam and Auxiliary Structures
Location and Outline

The projected démsite is located 'approximately 20 km
downstieam'of the Olur Dém, and- the end of fhe_backwatei of
the projected Yusufeli Reservoir would be - reached
approXimately'lﬁ km further.dOWnstream. |

The topography -at the damsite is that of a V—shaped valley
of  gradients of the rlght and left banks approx1mately
40 deg. and roughly symmetrlcal, and although the slopes of
the. two banks are slightly steeper compared with' the
upstream of the. Olur dam51te, the valley width is larger.
The projected damslte,,is a - location topographlcallyz
advantageous since the 1ength3of the*divé;sxon tunnel can
be made short by utilizing the meandering'of the'fiver{
From topographical and geologlcal vxewpolnts, there is no
favorable damsite seen ln the vicinity Wthh can serve as:-
an alternative. The rlver ~-bed at the.prOJect_s;te is |
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(2}

- covered by dlluvium -of a thickness of 60 m, but according

to the results of 1nvest1gat10ns by drllllng up to now,
thick sand‘layers have not been confirmed. Further, since

 N-values in standard penetration tests on the river-bed
‘deposits are 17 to 50 and higher, it is thought there is

little possibility of liquefaction occurring at the Ayvali
site.

- The géolégy of the &amsite,'as described - in the part on

geolbgy,  has almost no tree growth or topsoil, and
weathering has occurred to about 3 to 5 m. The basement
rock is hard and large faunlts have not been confirmed to

exist.
-Seléction'of Dam Type

‘Regarding. the procédura followed in éelection of thé'dam
: type, it has been described . in detail in the part on ‘the

Olur dam so it w1ll be omltted here.

The Ayvala dams;te is. a comparatlvely good locatlon where

it WLll be poss;ble topographlcally and geologlcally for
either a £ill- type dam or a concrete dam to be constructed

- However, the valley width isd large at. approx1mately 500 m,
‘while dam helght would be 180 m or- more from the foundatlon

. .rock, and. espec1ally, the rlghthbank side is a rock mass

hav1ng numerous cracks._ Because of thlS, a hard and dense

'i:bedrock requlred as the foundation for. an arch dam cannot

__be hoped for,  and it is thought dlfflcglt from the
;standp01nts -of . -safety and economy for an arch dam to be

adopted.: Therefore, comparative designs were made of the

-Ltwd cases of-rockfill dam'ahd concfété gravity dam.’

N The materlals avallable at the dams1te sxmllarly to the

'f3ﬁcase of the Olur Dam,_were the abundantly EXLStlng river-

bed sand-gravel and talus dep031ts in the v1cxn;ty of the

damsite, and test results were examlned to judge whether
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. they would be usable. 'The particle-size distribution of
the river-bed sand-gravel is fairly good. So, if can be
selected, the over sized gravel can be selected, it may be
judged that more than 70% of the river deposits are amply
usable as concrete aggregates and also as filter materials
for the fill type dam. |

On the 6tﬁér hand, considered from the aspect_éf'materials

in case of -adopting a f£ill- -type dam, it is-Considered‘
possible to: borrow core materlals from: deposits at both
banks in the Bulanik Valley 8 km downstream of the dam and-
the Tavuskef'Valley 8 km upstream{ There is é_gqﬁSidérable

amount of scatter in gfadations at the Bulanik candidate
site. . The material of the Tavusker candidate site does not
'have'as_muCh scatter as that of the Bulanik candidate site,
while the gradation is fine so that it is quiﬁe'possible
fOI this to be used. “The two candidate sites in;conné¢tion
with Ayval:r Dam do not necessarily have large'quahtities;
but the problems of quallty and quantity can be solved by'
_u31ng the materlals of the two sites J.ndependently or

combining the materlals of the two.

‘As mentloned before for fllter materlal, it 1s thought that
the river- bed sand~gravel in the: surroundlngs can be: amply

'used both in quality and quantity.. Regardlng rockf
materlals, it has been ascertained that IQOOqudality
material ex15ts in large ‘quantity at the left bank upstream .
of the dam. As stated up tO_thlS point, it is pOSSlble for
either  a concrete dam or a'fill dam.to:be_constructed as .
seen - from the aspects of .- topography}! geologY;-_and
materials, and - therefore, designing wﬁé"'dbné_:fdr “the
respectlve types considering materlals and work executlon'

and a comparison study was made of the economlcs. '

The results of studies are as'shown.in-Téblefll;Q.ahd-Table‘
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A_c.cording.to the above results, it is consider'ed_ that a
rockfill dam would be advgintageous with regard to economics
in comparison with_ a c.oncrete -gravitiy dam, and:@ it i.s
thought the rockfill dam pféﬁbsal'would be optimum at the
Ayvala site. ' '

Table 11-9 Comparison of Dam Type, Ayval (1)

Spec&ificatj_on! Tybe _ Rockfill Gravity
High water iéve_l (m) - 930 - ' ' 936 '
Dam height {m)" 175 _ if7'
 Spillway type | Chute Central frée
o ' fall weir
date ' o .I..is.a_dial _ Radial
Wx H () S | 13.5 x 17.5 '1_.3.5':( 17.5
'épecificatiéns P
Diversion i'.;u_nnel. iéngth (m) 659 536
 Inside &iéméﬁer {m) | . ) 6.6 ‘ 6.0
Dam ..éxCaﬁﬁt:;Lon._(-l':(}s- m) | 1,112 | - 2,392
Dam ';oihmé_(lb#. W 9,268 2,423
S;;_iilway exé_a{r’ét_:ibh (103'£n5_§_ 1,105 - ——
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(3)

Pesigns of Structures

1)

Dam

With reéard_to the dam type;:as a result of thorough

field investigations of topography, geology, and dam

materials, and study of the economics, a £ill-type dam
with center coreé type was selected, the same as for
the Olur Dam. But because of the problem concerniﬁg

available’ quantlty of core materlal the core was made

-8lightly thinner than for the Olur Dam and about 45%
~of the maxlmum water pressure was made the measure.

The = dam conflguratlon, because the embankment

‘materlals would be about the same as for the Olur Dam,

and the design conditions regardlng geology and
earthquake'were also the same, the upstream slope

gradient was made 1:2.2 and the downstxream . slope
gradient 1:1.9. _ Regardlng stablllty of the dam, as

shown.in'Table_llwll, the result that there will be no
problem in particular has been obtained in stability
calculations iﬂclﬁding the dam foundation. With

_Vrespect to dam materlals such as filter and rock out
fof the embankment materlals, the :rlver deposits,
__abundantly avallable in the v1c1nlty,_and material
_ fr0m a quarry at the . left bank rmmedlately upstream
'sjare to be used ¥ For core materlals, the deposits in
" the Bulanlk Valley 8 km downstream and the Tavusker

Valley 8 km upstream are to be used independently or

eupon blendlng together And the excavatlon muck from

" the spillway, underground powerhouse, and = other
'stroctures are to be diverted to rock materlal as mach
_as possxble
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Table 11-11  Siability Analysis of Ayvah Dam

'discharge is 5,270 m*/s (PMF).
at maxlmum water level and durlng a flood

Mydrostatic Préessure . . Minimum Safety Factor
; . = Pore _ Seismic '
Condition b . _
Upstream Downstream Pressurs . _coef.frcient " Up-st. Dn-st.
Side Side” Side Side
End of Construction |Hater Level |Water Level | Value at the : -
R end of . - -—- 2.2 2.0
+ Normai - 810.00 810.00 [ Construction ’
End of Construction |Water Level |Water Level | Value at the .
L - lendof . k=0.10 1.6 1.3
» Farthquake 810.00 '810.00 | construction
Steady Seepage LR Water Level | Based on . :
S ' °| steady “e 2.2 2.0
1+ Hormal 930.00 818.00 1 seepage at :
H.H.L H.W.L.
Steady Seepage HoWiL. Water Level | Based on -
- steady k=0.15 1.1 1.3
+ Earthquake 930.00( - 810.00 | seepage at : '
H.H.L S H.H.L.
'2)  Spillway

The spillway is to Eé'prov_idéd at tﬁe "r;"_ght pank of
the dam in considérétio_n éf'tbpoégra’th, _géolr_jgy,. and
downstream watef—.f_low difection;' The .de_é.igh flood
"Tbisafe1y7ré1easé this
a 's'pilltkré.y
46.5 m in w1dth is to be prova.ded a-,nd three radlal.

"gates of hea,ght: 17.5 m and w:..dth 13 5 m are to be. -

installed.. The. splllway is to be a chute type and

energy dlssz.pata.on downstream 1s to be by fllp bucket
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3y

#)

= 6.0.m, L

Care of River

The river is to be diverted prior to the work on the
dam - proper providing cofferdams at upstream and

downstream of the work area, and . excavating a

diversion tunnel. Regarding the locations of the
cofferdams, they are to be 400 m upstream and
downstream of the dam axis since sufficient distance
is required in order not to hinder excavation of the

‘thick river-bed sandfgravel. The height of the

upstream cofferdam (24.5 m) was set based on a design
flood discharge at the -damsite of a 25 year return
period flood (376 m*/s), but the height was made one at
which a 50 year return period flood (425 m%/s) would

" not overtop the dam considering the water storage

éffedt_upstréam;of~the_cofferdam. And in a manner
that the ¢onstruction cost -of the diversion tunnel (D

659 m) including the cofféxdam_would be
cheapest. = Further, the height of the downstream

‘cofférdam (4.5 m) was decided so that the downstream
-‘wate;-lével at the time of flood would not overtop the

cofferdam.

‘Outlet Works

ijDrs inipial. water-,impoundment of  the .dam and for
'emérgéncy-rdéwatering;"the_ gutlet works .are to be

prDVided'ﬁtilizihgithe}divérsion tunnél.'-sihce the

diversion tunnel would be a  single one, the

7;cdnétruction is to be-foribranching-at-the section of

the outlet valve in order to be able to carry out

‘plugging of the diversion tunnel. The inner diameter

and the length of the outlet 'works are 4.0 m and 156°M.

respectively, and the diémeter_bf:the high pressure
'ﬁvalve is 1.5 m.,. - ' '
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The inlet of the outlet wvalve is to be of reinforced
concrete and provided at the inlet structure  of the
diversion tunnel,. and the elevation made near the
planned sedimentation . level of the_reserﬁdir. The
design capacity of the-oﬁtlet valve made one with
- which it would beiposéible to discﬁarge 53 m*/s at high
water level of the reservoir. Furthermore, besides
the emergency outlet value, a facility for irrigation

" is to be provided.

11.2.2 Waterway and Powerhouse

(1)

(2)

Location and Outline

The Ajvall Project :is a- dam-and-waterwéy type power:
generatlon proiject utlllzlng the head. between the Olur
Progect at the middle . stretch of the Olur’ Rlvel ‘and the
backwater. end of the Yusufeli Reservoir planned downstream
of - the Olur Project. The course- of - the Olur River

 downstream of -the planned Olur Power Statioﬁ neanders in a.

westerly direction and merges with the gorﬁh River. It has

been Conflrmed in studies of the progect made up to the
present that it will ‘be advantageous to utilize to - thé'
rnaximum the head of 230 m between the Ayvali Dam located .
20 ki downstream of the Olur ‘Dam, donducting water by a

‘tunnel at the left—bank side to the Yusufeli Reserv01r,

taking advantage of the meanderlng of the rxiver..

The_topogra?hy'and geology of the ﬁaterwéy route are as
described in 7.3.2(3). '

Study of Watexrway. Route

The waterway route for the . Ayval; Pr03ect needs to pass __'

Anzav Gully at the left bank 51de near: .the Yusufell
Reservoir, so that it is dlfflcult from the standp01nt of
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the topogréphy close to the end of the Yusufeli Reservoir

to conduct directly to the reservoir at a high elevation,

and it is also economically disadvantageous.

‘However,

when'attemptingfto utilize the head between the

‘Ayvall dam and the Yusufeli regervoir to the maximum, there

is no suitable site for a ground surface-type powerhouse

.Wthh would be most economlcal

study was made of two alternatlves,

Therefore,

‘a comparison

that of providing an

underground powerhouse 1mmedlately downstream of the dam

and dlscharglng downstream by the shortest route on the

rlver gide,

and that of conductlng water downstream by a

headrace flom the dam, prov1dlng an underground powerhouse

in the VlClnlty of Anzav Gully,

Yusufeli . reservoir by a. tailrace.

and dlscharglng into the

The  featiures of the

respective alternatives are given in Table 11-12 below.

Table 11-12 General Factors for Waterway Route

.Elementiije

_Headrace Route

Teilrace Route

.Topographf & Geology

- Construction conditions

Waterway ‘shape

Adequately thick cover
obtainableﬂ

Ayvali voloanic rocks

Neceésary'for long
period for construction

.of approach road.

' Necessary detour
jtributary.

Clrcular pressure
tunnel.

Cover thin compared

with headrace route,

Ayvali volcanic rocks.

‘Near river and work
adit ‘easy to provide.

Possible to shorten
construction period.

Horseshoe shape, non-

‘pressure tunnel.

iUpon cons;deratlon of the above elements,-
?the des;gns were made,

fexamlned._
Table 11 13
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According to the above results, the tailrace alternative is
advantageous from the aspect of the economics. Although

.the geology of the waterway route in the case of the

headrace alternative is cne where earth cover is thick, and
it is thought there would be no problem geology-wise, cover

'of a mlnlmum of 100 m can be obtained and there will be no

problem in executlng work. On the other hand the

geologles of the underground powerhouse sites are more ox

“less equal, and ‘there is not much difference betweéen the

two, COnsequently, for the waterway route of the Ayvall
Progect the tailrace alternative is to be adopted from the

poxnt of view of the economics.

Design ofVStructures

1) ~ Intake

The lntake is to be prov1ded at the left- bank side
approxmmately 100 m upstream from the dam considering
the topography, geology, and access road situation of
the tunnel route and its surroundings.

Thef'topography’”and geology:.at this site are as
described in 7.3.2(2). Geology, ‘there is no problem
Vas ‘a foundatlon for the lntake structure. However,
_s;nce_the topography-ls rugged ; 1f.open_excaVation
- were to'be}done exceééively, it ﬁoﬁld be economically
'diSadvahtageous.- The type is an inclined type SLmllar

to the Jntake of the Olur Project

' Addltlonally, the elevatlon .of the basement of intake
*structure ‘was ‘decided at elevation- 898 m ‘to counter
{measure the max;mum sedimentation volume and aVOldlng
the vortex for the condult system.
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