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Table 7-13 - List of Pit for Soil Material -

| Subiject Name rof pit | ‘ngm-ark.s.
Black soil M-8 Perfon'ngd by .EiE before 1985
M-9 ”
M}l(}
AM=11 | Performed by EiE in 1985, A:dditibnal
AM—12 »
{(Subtotal) 5 pits
Redsoil | AM-13 Performed by EiE in 1985, Aaqitional
Grand total 6 pits
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Table ‘l—-14 Items and quantities of test

. _ : ‘Quantities
Items - 1 Remarks
Black soil | Red soil

Spécific gravity 9 3
Wate_r"content . 2 ]
Atte;berg'limit 9 3
Grain size analysis 9 3
Compaction 9 3
Penﬁéab’ility 9 3
Direct shear 5 3

e Swelling test* . — i
Pinhole test* — 1

_ )-(—ra;/.z.malysis* : i 1 g;)cslggztrii;i:roswpic

Chemical analysis* 1 1

Note i * marked items were tested by JICA team in Japan.

Note 2: tho]e test
A method of test for judging the dlspemou faculty of
soil developed by J.L. Sherard. A hole of [-mm diameter is
made in 2 cylindrical specimen of 36-mm diameter and 38-mm
length (grain size 2-mm and under, water content adjusted to
nelghborhood of plastlc limit), in which distilled water is made
- to penetrate under various heads, and the dispersion faculty of
the soil Is ]udged by the erosion condition of the hole, flow
quantity, and drainage water color.
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Table 7-16  Resuits of Swelling Test

_ Initial condition ' o : R
Specimen : e Elapsed Swelling ‘Remarks
No, Water content | Dry density time percentages |’ .
(%) (gfcm®) - (hour) (%)
No. i 12.2 1.76 168 0.67
No.2 15.2 181 162 0 Optimum water
© 0.05 content = 15.2%
4 '
No. 3 16.7 1.78 167 | 007
No. 4 12.2 1.81 168 _ '_1 86

Note: Initial conditions of the water content and the dry density were based on -

the test results of AM-13Iif shown on Table 7-15.
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Table 7-17 - Results of X-ray Analysis

O Mimeral - Black Soil Red Soil
Quartz c A
Calcite | _ A AA
Anorthite Sodian AA - —
: . ——
f-Anorthite o AA C
- Albite R — c
: — — :
Hematite b — E
Montmorillonite . C E
Chlorite | ' B ' —
Kaolinite ' o E

Note:  * Swelling ratio of monimorillonite was 12.3%.
© #* Swelling ratio of montmorillonite was 9.3%.

AA Very strong 2 1000 cps (counts per second)

A Strong 600~ 1000 cps

B Medium 400~ 600 cps

C Weak 200~ 400 cps.

D Very weak 100~200 cps
-E Trace - < 100 cps
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Table 7-18 Results of Chemical Analysis -

(wt %)
Component Black Soil Red Soil
H,0* 43 24
fgnition loss * 47 208
S0, 48.1 35.4
A%,0, 14.4 8.9
Fe,0 9.2 43
Ca0 52 229
Na,O 3.1 0.7
K,0 17 13
MgO 44 09
MnO 0.22 | 008
Total 9532 97.68

Note: * Ignition loss includes HzO','Carbonate, organism efc.
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Rt
- Table 9-2 Main Gost Difference between Plans C and B |
- Item - _ Unit Plan C Plan B cC~B
Installed Capacity MW 780 840
Enei‘gy Generation GWh 2,300 2,600
Direct Cost. _ S
Headrace and Surge Tank 1007L 87,500 -1 87,500
‘pam 1007L - ={ 37,100 -37,100
Powerhouse 106TL 9,100 19,700 { -10,600
_Electro-mechanical Equip. 1067L 60,000 | 85,500 | -25,500
| Total 156,600 | 142,300 | 14,300
Table 9-3 Stofage Eﬂ.iciency of Two Dam Plan and Three Dam Plan
"~ Gross Concrete
- Surface ' Storage
Nanme HWL (m) Area Stor?ge Gravity Efficiency
: _ (km?) Capag gy A | Dam Vglgme A/B
(105m~) B (10%n7)
Yusufeli Dam 700 29.9 1,820 5.3
‘Artvin Dam 500 4.1 170 1.5
Total 1,990 6.8 293
| Ktrazli pam | - 810 12.0 700 3.5
0ltu Dam - 700 4.0 180 2.2
| Artvin Dam 580 12.3 800 4.0
. Total 1,680 9.7 173
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Table 94

Basic Criteria for Comparison Study

Item

Desciiption

Method of Anmalysis

Annual Cost Method

DiscountICash'Flow
Method

Economic Index

Surplus Benefit

Internal Rate of

(B=C) | Return (I.R.R.)
Benefit Cost Ratio
‘ {(B/C)
Coﬁstruction period
d i H
Discount Rate 9.5% lf

Project Cost -

Cost Investment Cost i
0/M Cost, 0/M Cost, Fuel Cost
Fuel Cost & 2
{Market Price without Tax)
Fscalation Not'Considgred

serviée Life of Facility
Civil Facility
Electro-mechanical Facility
oil F;red Thermal Plant
Coal Fired Thermai Plant
Substation

Transmission Line

(As of July 1985)

Conversion Rate of Currency

SOIYeafs
35 Years
25 Years
25 Years
25 Years

35 Years

US$1.00 = 550 T.L

1/ In Turkey, a discount rate of 9.5% is generally used as
the evaluation criterion for a hydro—power project.

2/ 1Investment Cost consists of project cost and interest during

construction.
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Table 95  Alternative Thermal Power Plant for Optimization Study (1)

Interest Rate = 9.5% - .
Price Level = As of July, 1985

Ttem Unit _ Description
Type : ' . ) Coal—fired Power Plant
Installed Capacity My 600 (300 = 2)
Annual Plant Factor % 13
Thermal Efficiency % o 35
Annual Energy Production 106kuh - 3,837
Station Service Ratio % ' kW 7, kWh 8
Investment Cost 1067, . 282,000
Service Life Years 25
Construction Period Years ! '
Capital Recovery Factor . 0.10596 (4 = 9.5%)
Fuel Consumption Rate kg/kWh 0.406
0 & M Cost Rate without Fuel Cost pA 3.0
Unit Fuel Cost T.L/kg | .. 24.75
Fixed - | Variable
Annual Gost Cost - Cost .

Capital Recovery 1067,1 29,880.7. -
0 & M Cost, Administration Cost 1097.L 7,614.0 846.0
Fuel Cost 10671, - 38,556.1

Total 10%7.L . 37,494.7 39,402.1
Annual Cost at Receiving End : RREERRES FE

kW Cost T.L 81,990 1/ |

kWh Cost T.L - o 11.45 2/

) 37,4947 x 1007.L
& 600,000 kW

x 1.312 = 81,990 T.L/k

39,402.1 x 106T.L

2 IR S T X 15 = 1145 T.L/kWh
,837 x '

3/ & 4/ Adjustment Factor for kW & kWh

Item
Transmigsion Loss Rate (%) kW, 3 kWh, 2.5
‘Station Service Rate (%) kW, 7 kWh, 8
Forced Qutage Rate (%) 4
Scheduled Outage Rate (%) 12

1
(l - 0003) X (1 - 0007) X (1 '"0-04) x (1 - 0112}

kW Adjustment Factor =

= 1.312

1

T =0.025) % (1 = 0,08 ~ MM

kWh Adjustment Factor =

5/ Interest during comstruction is included in the investment cost
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~ Tahble 9--6 Alternative Thermal Power Plant for Optimization Study (2)

Interest Rate =

9'52

Price Level = As of July, 1985

Item Unit ~ Description
Type _ _ 0il-fired Power Plant
Installed Capacity ’_ MW 600 (300 x 2)
Annual Plant Factor A : 73
Thermal Efficiency % 35
Annual Energy Production 105kWh 3,837
Station Service Ratio % kW 5, kWh 6
Investment Cost - 1067, L 193,000
Service Life Years 25
Construction Period Years 4
Capital Reécovery Factor 0.10596 (i = 9.5%)
Fuel Consumption Rate kg/ kWh 0.251
0 & M Cost Rate without Fuel Cost % 3.0
Unit Fuel Cost T.L/ kg 89.937
' Fixed Variable
- Aunual Cost Cost Cost

Capital Recovery 105T L 20,450.3 -
0 & M Cost, Adminlstr¥ation Cost 10%7.1, 5,211.0 579.0
Fuel Cost 106T.1. - 86,617.2

Total | 10°T.L 25,661.3| B87,196.2
Annual Cost at Receiving End

kW Cost T.L 54,960 1/

kWh Cost T.L 24,79 2/

©25,661.3 x 1067.L
600,000 kW

1/

87,196.2 x 106T.L
3,837 x 106kWh

x 1.091 =

x 1.285 = 54,960 T.L/kW

24,79 T.L/kWh

3/ & 4/ Adjustment Factor for kw & kWh

Item
: Transmission Loss Rate (%)

Station Service Rate - (%)
 Forced Outage Rate (%)
Seheduled Outage Rate (%)

kW, 3 kvWh, 2.

kW, 5 kWh, 6
4
12

1

5

- kW Adjustment Factor

.= 1.285.

1

{1 -0,03) x (1 -0.05) x (1 -0.04) x (I -0.12)

= 1,091

kWh Adjustment-Factor =

(T=70.025) % (1 - 0.06)

5/ Interest during construction is included in the investment cost
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Storage Volume
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Water Surfoce Level & Area
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Operation Rule of Reservoir

\

- Awoilable Dischorge for Power

Spilt

Storage Velume

a

Water Surfoce tevel

Tail Water Level

f

Loss of Head

Effective Head - Water L evel- Discharge Curve
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L

Moxérnum Discharge for Power
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Efficiency of Turbine & Generator
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Fig. 9-5 Flow Chart of Calculation of Power and Energy
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7 HWL

Water Surface Leve!

<

f

Jon. { Feb. ] Mor | Apr. | Moy | Jun. | Jul. | Aug. | Sep, 0cl. | Nov. | Dec.

Mox Dischorge for Powst

Symbols

Vi-1 .

Vn
vn
Vmax
Vs
in
an
an
Qm
Qu
Qu
E

Qperotion
vh =

Storage of the end of previous month
Storage at the end of current month
Temporary storage at the end of current month
© Moximum storage (Effective storage caopacity )
Secured storage for firm discharge
Spifl in current month
Inflow in current month
Availab'e discharge for power in current monih
Medium discharge for power
. Firm discharge for power _ ‘
© Maximum dischorge for power, varioble depending on water level .
Evaporation, variable depending on water surface areo
Rule
Vn-i +ap - E
L. Vn = Vmox
LI i - Vmox 3 Qu ——=  Qn=QH _
(2) Q> Vi -YmoxZQw  —~  Qn=Vd=- Vmox
(3) Qm > Vi - Ymax = Qn=Qm '
. Vmox>Vn 2 Vs _ _ o
(1) Vo - Vs & Qm T Qn= QM
(21 Qu>Vvi - Vs QL —=  Qa™Vi-Vs
(3)Qu >VA-Vs ~—=  Qn=QL
. Vs >vn -
(Vi Qu ——= Q= QL
2)Qu> v ——=  Qn= Vi

Vi Vmax-Qnz 0.0+ fn=Vi-Vmax-Qn
Vn=Vmax-Gn<0Q0 - fn= 00

Vn=Vh-Qn-fn

Fig. 8—6 Oparation Rule of Reservoir
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Table 9-—-7 Comparison of Dam Types

Concrete Arch Concrete RoCkEL11
Ttem Unit | Gravity | Gravity Arch D
Dam Dam Dam am
Dam Volume 103 w3| 5,300 3,600 2,800 | 19,200
‘Excavation Volume | 103 n3| 2,400 2,000 2,400 1,500
Construction Gost { 106 TL | 144,000 | 106,000 | 90,000 | 45,000
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Fig. 9—-8 Dam Construction Cost for Various Height
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Tabl_a 9--12 .Stud'y on Optimum Hig_h W#t_e_r Lgv_é! a_nd tEffet;tive'Stdra_ge Cahaéitv_ of Reservoir (1}

eves Coal-fired one

“Maximum.

Effective

Ins;alied;.

‘Annual

* Alternative Power Plant

| Stofageﬁcagacity; _F%rm._ Ax1 fect: Ingtalled | _Fifm': “Annual Investment :Aqﬂual' Energy | Surplus | Benefit-—
Case | H.W.L. (10° w’) Discharge | Discharge | Head . Capacity | ' Peak Power | Energy | Cost Cost Cost I.R.R. | Benefit | Cost
(m) | Gross Effectivel| (m3/s)_ | (wdfe) | (m) (MW) " : '.(HW). | (6wn) (10811) (106TL) (TL/KWR)Y (%) (107L) | Ratio
1 | 1,620 | 90.9 363 ' 195.0 625 549.3 1,78111 335,900 34,430] 20,0 | 17.24| 26,970 1.78
2 720 | 2,480 1,620 87.2 368 198.3 609 ssq.e' ‘1,796.5 333,400 | 34,150] 19.6 | 17.731 27,820 1.81
3 1,200 83.0. 332 | 2017 591 553.2 1,807.3| 330,100 33,790 19.3 | 17,74 28,190 1.83
4 950 75.2. 300 205.0 543 517.1 | 1,792,9| 322,900 | 33,000 “19.0 | 17.01 26,080 1,79
5 1,440 87.6 350 185b0 572 508.1 | 1,692.6 304,806 ;'31,270 19.1 17.26 | 26,020 1.83
6 710 '} 2,130 1,270 B4 337 188.3 560 512.2 1,704.9| 302,900 | 31,060 | 18.8 | 17.52| 26,680 1,86
7 1,080 80.4 321 191.7 543 507.3 1,709.2 | 299,600 | 30,700| 18.6 | 17.58| 26,720 1.87
8 850 71.3 285 195.0 490 465.0 1,685.2 | 291,800 29;840 18.3 | 16.63| 24,100 1.81
9 1,260 84 .4 337 175.0 | 520 465.0 1,600.0 | 279,700 | 28,710} 18.6 | 16.87| 24,290 1.85
10 700 | 1,820 1,120 81.6 326 178.3 513 468.7 1,610.9| 278,500 | 28,580 18.3 | 17.09| 24,820 1.87
11 950 5.7 302 181.7 - 484 450.7 1,601.8| 273,900 | 28,070 | 18.1 | 16.77| 23,870 1.85
12 760 67.4 269 185.0 439 411.8 1,576.3 '_ 267,000 27,510 ©17.9 | 15.85] 21,390 1.78
13 '1,100 81.3 323 165,6 473 4205 1,505.2] 257,300 | 26,420 | 18.1 | 16.19] 22,150 1.84
14 | 690 | 1,530 980 76.9 307 168.3 456 4144 ]1,503.0] 254,200 26,630 17.9 | 16.18| 22,000 | 1.84
15 840 71.0 284 R EETIND 430 397.4 1,489.2 | 250,100 _25,6367. 17.8 | 15.84| 21,020 1.82
16 670 63.8 255 175.0 | 394- 366.8 [ 1,469.6 244,500 | 25,010 17.6 | 15.10 19,090 1.76
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Table 9—13  Study on Optimum High Water Level and Effective Stnrége"cap'at:ity. of Reservoir (2) o

% Alternative Power Plant. .... Qil-fired one

' Storageﬁdagacity_ _?érm” : H§xiﬁum | Effective _iﬁsﬁa%iédf. | Firm. o Ahnﬁaln:.lﬁﬁéstment Annual Engrgy Surplus | Benefit~
Case ! H W.L. | (10° w?) Discharge | Discharge | Head Capacity ‘Peak Power | Energy | Cost ' Cost- | Cost I.R.R. | Benefit [ Cost
(m) | Gross Effective| (md/s) [ (w3/s) L m) ) | Ow) (owh) | (10%rn) | (106vL) | (TL/kWh) (%) | (10%11L) | Ratio

1 | 1,620 s0.9 | 363 | 1950 | 625 549.3 | 1,781.1] 335,900 | 34,830 200 | 17.23] 36,20 | 2.05
2 720 2;430 1,420 - | 87.2 348 _.198;3 609 | '554.5 11,796.5] 333,400 | 34,150 19.6 | 17.48| 37,130 2.09
3 1,200 83.0 332 | 201.7 591 "'_553.2 1,807.3| 330,100 | 33,790| 19.3 | 17.64| 37,670 | 2.11
4 ‘ 950 | 5.2 300 ] 205.0 543 : -51j.1 1,792.9| 322,900 . -33;000' 19.0 | 17.33] 36,280 | 2.10
5 | 1,440 87.6 350 | 185.0 s72 |  s08.1 | 1,692.6| 304,800 | 31,270 19.1 | 17.35] 35,150 | 2.12
6 710 {2,130 71,2?0 " 84.4 337 ' 188.3 560 512.2 1,704.9 : 302,96b7 31,060 18.8 17.55| 35,860 2.15°
7 © 1,080 80.4 321 | 191.7 543 507.3  |1,709.2| 299,600 | 30,700| 18.6 | 17.64| 36,080 | 2.18
8 850 71,3 | - 285 195.0 490 | 465.0 1,685;2'_ 291,800 | 29,840 18.3 | 17.20| 34,210 2,15
9 1,260 84 .4 337 175.0 520 | 465.0 1,6dq;0 279,700 28,710 18.6 | 17.18| 33,300 2.16
10 | 700 | 1,820 | 1,120 81.6 © 326 ': - 178.3 513_ 468.7 | 1,610.9] 278,500 | 28,580| 18.3 | 17.35| 33,880 | 2.19
11 956 75.7 302 181.7 | 484 . _' 450.7 1,601.81 273,900 zs;oio 18.1 | 17.221 33,250 2.18
12 760 67.4 269 | 185.0 439: 1 a11.8 )1,576.3) 267,000 | 27,310] 17.9 | 16.78| 31,430 | - 2.15
13 1,100 51;3 325; | 165.6 473j_: © 420.5 | 1,505.2| 257,300 | 26,420] 18.1 | 16.79| 31,050 2.18
14 690 | 1,530 980 76.9 307  163;3 B 455 | 4l4. 1,503.0| 254,200 | 26,080 | 17.9 | 16.83| 31,030 2.19
15 840 71.0 284 171.7 _430I_i} 3974 1,489.2 | 250,100 | 25,630 17.8 | 16.67| 30,280 2.18
16 670 | 63.8 255 a0 | 3§4 Hf 3668 | 1,469.6| 244,500 | 25,000 17.6 | 16.31| 28,870 | 2.15

9-43






© RAERMABSETE-7 BREBORH

BB AR 2 B AR, £ BEIIEE I LT R L
 RBBBEND B, BMMAEAECFBE, C o RAMITEER L A b
L RBLTRAE RO, MAMMER L CREENEC D, R E NS
(&%a\§%$ﬂﬁ%ﬁmﬁmibﬂm%éﬁ\%@Ew#m&%Mﬁ$§uE
Cwmzmmmb L,

AR MES K BN SRR BB S & A EET R, ¥ R
'%%ﬁ\6~mﬁ%ﬂﬁﬁﬁﬁ®ﬁ§&wébLtﬁofe—&ﬂﬁ%%ﬁ6~8
BEUIMO 3y — A KD T, RERRCHLTA. 6. 85X FIHMO U
~§$ﬁ%mmﬁééﬁiﬁm$§?ﬁb£4%\Sm\MIE;UI%MM@4
&»z\ﬁﬁa—xtémr&ﬁunn&ﬁg%mMMewM\w‘m&ww~m
Kﬁ?&£0{$ﬂﬁ®%ﬁ&bfﬁﬁ—ﬁ%@#ﬁﬁﬁ‘%k&mmi3mmmg
?&{%tﬂﬂj 543&1%{5&6%‘%*&5%0 t“—}ﬁﬁﬂ%ﬁﬁ%mﬂi t,f:igéi:&\ i K AE S
m%%&ﬂr%&&b&ms<btﬁﬁﬁﬁféao '

9--45






Table 9-14 St(zdi; on Optimum P'q\}velﬁ Discharge and Peak Duration (1) -

red One

: _ : o : AT T I SN LI LI S e *Alternative Power Plant  +...Coal-fi
Effective | Firm = | Maximum' [ Effectivg Installed Peak Firm’ ~ Annual - | Investment | Annual | Energy Surplus | Benefit~
Case | H.W.L'| Storage Capacity Dischargdg Dischargd Head ‘Capacity [ Duratiod Peak Power Energy | Cost ‘Cost- Cost I.R.R.| Benefit | Cost
(m) (106m3) (wd/s) | (m3/s) (1) (W) | (hour) |  (MW). __(ewn) | (10%7L) | (106TLY (TL/kwhX (%) | (105T1L) | Ratio
1 6 | 530.5 1,772.2 | ' 20.6 16.1| 24,5301 1,69
2 482 816 8 397.4 1,773.2 | 342,000 | 35,340 20.6 | 12.6| 14,450 1.41
3 10 317.0 1,772.6 | 20.6 | 10.6| 8,350| 1.24
4 | X3 507.3 1,709.2 | 18.6 | 17.6| 26,720| 1.87
5 321 543 g - 397.4 1,721.9 299,600 30,700 | 18.4 | 14,3 18,530 1.60
6 | 710 1,080 80.4 191.7 10 1318.4 1,724.6 18.4 | 12.2] 12,560] 1.41.
— T

7 6 380.9 1,617.0| 18.1 | 14.6] 18,460| 1.65
8 241 408 8 380.9 1,618.2 278,100 | 28,350 18.1 4.6 18,470} 1.65
9 10 317.6 1,629.2' | 18.0 12.8| 13,790 1.49
10 6 305.2 - | 1,520.8 18.4 | 12.7] 12,940 1.48
11 193 326 8 305.2 1,520.8| 266,400 {27,050 | 18.4 | 12.7| 12,940 1.48
12 0 304.9 | 18.4 | 12.7| 12,940 1.48

1,522.2
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Table 915 étudy on 6pt'_imum Power Diéchafge and Peak Duration (2)

“Effective

Maximum

Effective

Peak . .

© Firm .

‘Annual

4

*Alternative Power Plant ..

i RaALA

+s Oil~fired one

Firm _ _ Installed: Invegfment | Annual { Energy .| S8urplus | Benefit-
Case | H.W.L | Storage Capacity Digchargd DischargQ3ﬁead Capacity _Euragioq-'Peak Power | Energy | Cost Cost Cost I.R.R.| Benefit { Cost

(m) (10%m3) (m3/s) | (m3/s) (m) W) | (hodr) | (MW) (eWh) | (10%71) | (1087LY (TL/k¥h) (%) | (10STL) | Ratio
1 6 530.5 1,772.2| 20.6 | 16.5| 34,440 1.97
2 482 316  '3 N _39j;4 1,#73,2 | 342,000 | 35,340 | 20.6 | 14.7[ 27,690 1.78
3. 10 ' 317.0 1,772.6 | 20.6 | 13.6| 23,600 1.67
4 6 507.3 1,709.2 18.6 | 17.64 36,380 2.19
5 321 543 ' 8 397.4 1,721.9| 299,600 30,760 18.4 | 16.0] 31,000{ 2.01

6 | 710 1,080 80.4 191.7 10 318.4 1,724.6 18.4 | 14.9| 27,140 1.88
7 _:6“_ .380.9 1,617.0 18.1 | 16.2] 30,070| 2.06
8 241 - 408 é_ : ':_ 380.9 1,618.2" '273,100 28,350 18.1 6.2 30,100 2.06
g io_ 317.6 1,629.2_ 18.0 | 15.3] 27,1400 1.9
10 6 305.2 1,520.8 18.4 | 15.0] 25,200] 1.93
11 193 326 8 305.2 11,520.8| 266,400 {27,050| 18.4 | 15.0{ 25,200| 1.93
12 -1&_ 304.9 1,522.2 18.4 | 15.0] 25,220 1.93
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