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Chapter 6 - METEQROLOGY AND HYDROLOGY

6.1 . Outlines of Meteorology and Hydrology
6.1.1 General

The Képriibagi project site is located on the nidstream stretch
of the Devrek River, a tributary of the Filyos River, which runs
through the northwest part of Turkey. The Filyos River rises
from Mt. KSroglu (EL. 2,378m) approximately 100 km northwest of
Ankara, changing its name from Gerede River to Soganli River to
Yenice River in order from the upstream. The Yenice River mercjes
with the tributary Devrek -RiVer approximately 30 km upstreain from
its mouth to become the Filyos River and empties into the Black
Sea. The length of the Filyos River is approximately 350 km,'the
catchment area is approximately 13,300 km® and the annual average
runoff at Derecikviran "(Gauging Station No.1335) near the river
mouth is 104.6 m’/s.

The Devrek River on which the projeet site is to be located rises
from Liaké Abant situated approximately 30 km southwest of Bolu.
The stream, after leaving Lake Abant, ‘becomes the Biiyiiksu River,
merg:es'w;ith the Mengen River in the vicinity of Gdkgesu, and

changes its name to the Devrek River.

The Devrek River is the largest tributary of the Filyos River.
Its total length_ is approximately 150 km, the catchment area
_épproximately 3,130 km?, and the annual Iaverage runoff 22.9 m'/s
in the vicinity of Devrek (Gauging Station No, 13 44 approxmlately
20 km upstream from the confluence).

The northern part of the Fi-lyos'R'iifer basin’ is Subject to the
lnfluence of the Black' Sea climate in which there generally is
much rain and it is temperate.’ Precn.pltatl.on decreases going
from n_orth to south; differences in air temperature betwe_en
" winter and summer increase, and the southern part of the basin
is influenced by the continental climate of Central Anatolia.



This may be comprehended from the fact that whereas the annual

average preCLpltatlon is 1, 220 mm and the annual mean temperature
13.5°C at Zonguldak facing the Black Sea, at Qerkes in the
southeast part of the basin, they: a:e..BBG-mm- and 7.8°C

respectively.

Annual average precxpxtatlons in the Devrek River ba51n are
775 mm at Devrek, 537 mm at Bolu, and 640 mm at Pazarkby Annual
mean temperatures are 13.5°C at Devrek, 10.2°C at Bolu, and 9.5°C
at Pazarkby There is snowfall in the wintertime in the baSLn,
the annual average numbers of days of snowfall belng 8.3 days
Devrek, 25.3 days at Bolu, and 27.4 days at. Pa?arkoy

6.1.2 Meteoro!ogicai and Hydrological Obsewation'Dat_a

The meteorological stations and géugihg statiQns_Shcwh in Figqure
6~1 exist in the basin and surrouﬁding area of the Project.  Of
these, meteorological stations are owned by DMI and observations
are being carried out. On the other hand, gauging stations are
owned by DSI or EIE. who,  are carrylng out observatlons,. The
_observation perlods of the principal meteorclogical stations are
. given in Table 6-~1 and those of the principal gauging stations
in Table 6-2.

0f the meteorological stations in the river basin, Yenigaga
station and G8kgesu station nearest to the project site were
closed down in recent years.

6.1.3 Meteorology and Hydrology of Project Area

The four meteorological stations of Bolu, _Yenicada, Pazark0y, and
Gbkgesu are located within the river ba51n of the Project as
shown in Flgure 6-1. Annual average precxpltatlons ln the baSLn
are from 500 to 680 mm, the quantity being seen to increase as
one goes further downstrean. Most of the pre01pltatLon occurs
from November to June, with the. monthly amounts during this



period being approximately 50 to 60 mm, the rainfall occurring
in. the rainy season being equalized. There is not much
9recipitation from July to September.  The monthly average
p;ecipitations at the meteorological stations listed in Table 6-1

are given in Table 6-3.

Thé_-Bdln and Pazarkdy meteoroiogical: stations are where.
continuous observations are being carried out on air temperatures
and humidities within the river basin.of the Project. The
monthly mean air temperatures and average humiditieé in the basin
and_its surroundings are given in Tables 6e4 and 6-5.

'Monthly'maximum wind speeds and wind directions are given in
Table 6-6, numbers of average monthly days of snowfall in Table
' 6-7, ‘and highest snow depth by month in Table 6-8.

.HeanWhile, the runoff in the project area is roughly 6.5 to
8 0/8/km* (0.65 to 0.8 m%/s per 100:km?), the monthly runoffs
being large from February to May, and  minimum from August to
October. The ratio of minimum to maximum monthly average runoff

is approximately 1:8.
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6.2 Runoﬂ at Pfo]ect Site
6.2.1 Hepresentotive Gauging Stations

Gauging Station\Nb.lSlB was installed'ét'the:Kﬁprﬁba$i'damsite
(Master Plan damsite) in 1964, but was abolished in 19?2. S In
calculation of runoff at the project site, the data of this
gauging station was used for the period,fibm the 1965 wgtér year
(October 1964 to September 1965) to the 1971 water year for which
there were runoff records. Runoff obsérvations of the No. 1319

and ‘No.1334 gauging ététibns'are being'continued.f‘Accordingly,
runoff data of the two gauging stations located respectively on
the Biiyiiksu Rivérfaﬁd'the Mengen River;.twq main tributaries
upstreamfof the démsité, can be used for calculation of.kunoff
after 1972 water year. '

6.2.2 Catcﬁme_nt Area of Damsife

Because of the reason described in Chapter 9, the following are
adopted for catchment area of each damsite respectively, ‘and used
for calcula_tion of runoff at the sites. '

Damsite - Catchment Area (km®)
Master Plan Damsite 1,994 :
Upstream Damsite 1,959

6.2.3  Supplementation of Runoff Dats

Supplementation of runoff data was done regarding monthly runoffs
(unit: MCM). ' o o

The Qorrelation‘:.betweén rﬁﬁoff of No.lSlQIGau'g'i'ng Station and
summation of runoffs of No.1319 and No.1334 stations was obtained
to Supplement’ runoff data after No.1318 had beeh Cldsed down.
In the water years of 1967 to 1971 when the observafti()h periods

6 - 10



of the three gauging stations overlapped, the following is
obtained (see Figure 6-2).

Y = 1.0401 * X + 0.5720 |
Correlation coefficient (hereafter referred to as

R) = 0.997
where, X = Summation of runoffs of No.1319 and No.1334
' stations '
Y = Runoff at No.1318 station

Next,'for supplementation of runoff data for the period-béfore
installation of Gauging Station-ﬂo.lBlS,'the correlation below
was calculated. When the period was taken to be the 1965 to 1971

water years, the following‘Was obtained (see Figure 6-3).

0.7962X - 0.3793

0.991

Runoff at No.1311: station
Runoff at No.1318 station

1l

where,

) x o
K

il

Similarly,'when'the period was taken to be the 1958 to 1962 water
years, the result is as below (see Figure 6-4). '

1.2652X - 3.0440

0.974 o

Runoff at No.1306 station
Runoff at No.1311 station

il

where,

MM
]

And regarding the_supplemehtation after water year 1990 for which -
' the runoff data of the No.1319 and No.1334 gauging stations had
not yet been arranged, when a period of the water years from 1983
to 1990 were taken, the results were as follows (see Figure 6-5):

= 0.5052X - 3.4867
0.938
= Runoff at No. 13-44 station

‘where, _
B = Summation of runoffs of No.1319 and No.1334

< X
f

stations

6 - 11



Based on the results above, coxrrelations. for the runoff data of
the these gauglng stations were recognlzed to QXlut.' :

6.2.4  Verification of Runoff Dala

Firstly, as gshown  in -Table 6-9,. a period " in which runoff
observations were being made at a plural number of gauging
stations was selected, and specific diécharge (rUnoff per square
kilometer) was calculated for each station. Extreme differences
could not be recognized between perlods and it is ‘considered
there was no error which existed over the entire -observation
periocd. | ' '

Next, double mass. curves were prepared using runoffs of
individual gauging stations_and precipitations at meteorological
stations near guaging stations. The combinations of gauging
stations and meteorologlcal statlons aré shown below..

Ga.uglng Station Meteorological Period
B : Observatory - (Water Year)
No. 1318 Bolu & Pazarkdy =~ 1965-1971
No. 1319  Pazarkdy 1965-1988
No. 1334  Bolu - | 1967-1989
No. 13-44 Devrek | 1986-1991
No. 1311  Bolu & Pazarkdy =~ 1958-1971
No. 1306  Bolu & Pazarkdy 1954-1962

The double mass curves mentioned above are shown in Figures 6-6
through 6-11. '

Among these, a part of the double Mmass curve for Gauging Station
No. 1306 shows a sudden change in grédient (corresponding to
water year 1956). On the other hand, no abnormallty can be seen
for this period from the double mass curves for the sum of the
precipitations at the Bolu and Pazarkoy meteorologlcal statlons
and the precipitation of Zonguldak meteorologxcal station

6 ~ 12



(period: 1954-1962 water years, see Figure 6—12). Therefore,
the runoff data for the water years 1954-1955 were discarded.

Otherwise, these are no sudden changes in double mass curves for
runoff and precipitation and the runoff data are considered to

be reasonable.

6.2.5 Runoff at Damsite

Based on the'abo#e study, the natural inflows at the Master Plan
and upstream'damsités wexe obtained célculating the runoff at
Gauging Station No.1318 by relatioﬁal‘expressions and ratios of
catgﬁment areas of gauging stations as shown in Table 6-10. The
results are shown in Tables 6-11 and. 6-12. The_natural.inflow
at the Master”Plan dansite is thus an annual average of 14.4
m*/s, with specific discharge of 7.2 ¢/s/km* (0.72 m*/s per 100
kn?y . . |

The spectral analysis results of pfecipitations at the Bolu and
Pazarkéy'meteorological stations are shown in Figure 6-13 and the
spectral analysis result of the natural inflow at the Master Plan

damsite in Figure 6-14.

Preéipitation_at Bolu meteorological station has periodicities
of approximately 12 and 4 years and that at Pazarkéy
approximately 10 years.and 4 years. The natural inflow at the

damsite has periodicities of approximately 12 years and 4 years.
In general, it is said that analyses on periodicities have
accuracies at those of less than about 1/5 of the calculation
period. The calculation.period of the natural inflow at the
damsite is 36 years, and the pé?iodicity'of approximately 12
years would lack reliability’_with only analysis_'of natural -
inflow, bﬁt'siﬁce the two meteorblogical stations upstream of the
dam have periodicities of 10 to 12 years, it may be considered

that natural inflow also has periodicity of this degree.

6 - 13



Y= 1.040X + 0.5720
R= 0,997 '
N= 60

(3 /5 ) .

140 1’
120
100

NO.1318

B0 7
40 ™

0 N R I A A S R P (m¥ /s)
0 20 40 40 80 100 120 140 140180 200 220 :
| 'NO. 1319&N03. 1334
Figure 6-2 ‘Correlation between Sum of Runoffs at No.1319 & N0.1334 G.S.s
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Figure 8-3 Correlation between Runoff at No.1311 G.S. and Runoff at N0.1318 G.S.
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‘Tahte 6-9 Comparison of Specliic Discharge

(watziiggar)‘  No. of Station | Catchﬂ;;%_Areg. Specﬁiﬁ;fﬁjﬁ?érge

1958-1962 " No.1306 1,895.6  5.86
| No.1311. 2,420.0 -  6.28
1965-1971 . No.1311 2,42000 . . 8.37
| No.izts 1,994.0 . 8.0l

No.1319 766.4 C 7.90

No.1334 - 1,102.0 L (8.05)

1967-1989 No.1319 _ 766.4 . 7.52
No.1334 1,102.0- . | 7.25
1983-1989 No.1319 766.4 | 7.40
No.1334 1,102.0 6.65

No.1344. : 2,640.0 8.75.

Note: Figure in the parenthesis shows specific diséharge
in the period 1967-1971.
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6.3  Evaporation
6.3.1 Data Used for Calculation of Evaporation

Evapsration'.i's being measured at Bolu meteorological .station (EL.
742 m) within the basin of the pro;ect site and evaporata,on from
the reservoir surface was calculated using theése observation
data. The observed monthly - evaporation amounts at Bolu
meteorclogical station are given in Table 6-13.

6.3.2 Calculation Formula for Evaporation

In general there is a close correlation between evaporatlon and
air temperature, and in case observatlon data on evaporation ln
project area cannot be dlrectly used, evaporatlon is normally
calculated using the correlation with alr temperature. Hence;
the regression eqguation for air temperature_and evaporation at .
Bolu meteorqlogical'étatidn was calchlated;* The results were as
follows (see Figure 6-15): - |

9.5724 * X - 25.3270 .
0.885 o
Monthly mean air temperature (°C)

If

where,

o T T~ B
]

Monthly evaporation (mm)
Period: 1961-1990

Evaporatlon from the reservoir is calculated from air temperature

using this equatlon.

6.3.3 Alr Temperature

Relation between elevation and air temperatu;re'_ '\_é:as_ used for _'
estimate on air temperature at damsite. Becuse it is generally
used in Turkey assumptlon that difference in elevation of 100 m
causes difference in air temperature of 0.5° C, this relation was
adopted for estimate on air temperature on reservoir surface
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(EL.43:7 m) by using air temperature at Bolu meteorological
station (see Table 6-14).

Tegosory = Troony + (742-837) x 0.5/100
= Tporsy + 1.5 _
where, Trese;: Monthly mean air temperature (°C) on
o resexrvoir surface
Tgory ¢ Monthly mean air temperature at Bolu

meteorological station

Table 6-— 15 shows monthly air temperatures on reservoir surface
based on monthly air temperatures at Bolu meteorological station.

6.3.4 Evaporation from Reservoir Surlace

The annual evaporation from the reservoir surface can be computed
from 'ﬁhe_ air temperatures in Table 6-15 and the correlation
equati'o'n: for air temp'era't'ure and evaporation calculated in 6.3.2.
‘¢lass-A-pan is used for obser_vation.:of evaporation so that the
evaporét_id_n obtained by the correlation equation was multiplied
by a correction factor of 0.7 to determine evaporation from the
resexrvoir surface, As a resuit, thé annual evaporation was
717 mm (see Table 6-16).
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2.5724 X - 25.3270

VS

R

0.8856

N= 228

o {md /s)

c)

I ! I !
=] = c = o =
B = B @ w
&N & - =

NOTLHY0JEAS

TEMPERATURE
Correlation batween Temperature and Evaporation at Bolu M.S,

Figure 6-15

28

6 -~



7158
§ 194
L7VLL
94974
L7978
068
8778
LY8L
T°989
AT
§°97L
97818
£°118
g F8L
§°008
6988
¢ 9vL
¥°L9L
17506
$°9L8
£ 626
§ 58
$°£98
L7891
7576
§°gL8
7°L2%
072716
9°926
1°7L01
172601
808l
[Enuuy

872

5701

£iZ

1

3
82
R
vy

(=t BRT B e ]

Ly
‘6%
¢E
‘B¥
7Y
A
'}

O ud O3 &% v~ =H &3

§°ee
3758
£°7¢8
“AOK
ww :3Iup

£v9
L°Ls
§°26
£°8¢
z'08
876l
£°y9
1708
9-°89

-£7°08

£¥8
Z¥L
1758
7°vs
¢ "84
AN
99

¥i8

5728

§'48
A
E718
T°L9
57l
8708

4788

§°0L

989

172
£°29
g°LE
T°%9
390

1801 ¥ o8sl
L8t 92871
$°T6 - LUPST
3775 £°291
0°081 §°Z4T
LUest 2oLt
6977 LoLT
27811 §°697
9121 17201
07001 0821
Z°101 [T
17801 8 °L¥I
T8 8761
¢ 38 7°9%1
LT85T 7°921
L7901 L7091
§Lg 6T
668 0521
6768 §°0%1
£817 27721
77171 Z°68T
786 z°9¢1

£LOT 07893
LIoy: L7981

798 £°0ET

9-721 27881
27701 07841
L'gsT 778l
p6e LURLT
0821 37812
1677 §°52T
9UBTT 1202
jdeg  Bny

9°8971
5 9%l
A
8 78T
L9981
£ 9671
LL9T
5767
821
eET

87Lel

¢gsl
27781
S A

R LY

¥ 851
97691
A
8191
¥e8l
57897
17187

97802

97991
94871

8°L91

L7891
6781

TV

gLee
£°51%

CET9LT

AIng

17evT
1867
6 8ET
£ 86T
67LIT
yoget
07821
3181
17801
7reil
0¥l
A
§°9%1
§°0%1
0°%971
g 921

2211

17627
LUovT
Loigt
¥ Zet
gLel
2ULET
L gt
L 08T
37971
LA
L08i

1°827

6861
L'vit
67981
aunf

77801
& 08

7107

G'8TT
Lg0T
0907
008
17011
6 L0
17011
ze0t
BLE
AN
9788
T°¥81
z7811

LTI

058

17011
07eel
6 68T
£¥oT1
B 96

¥esl
AN
§°607
8911

L7801

§°977
¥ 601
R A

Ael

uon® 1291601010213 NIOE 1€ uoKEIodeAT (210 ANUOw

1

LU0s

yoIeH

€19 Jiqe|

634

L0

5722

"uef

58eIBAY
1881

R

68ET
8ee1l
LB6T:
9881

- 88T

¥861
EBET

7851

1867
0867

BLET

8161
LL§Y

9L81

SLET
FLeT

8461

Zi63
Ti61
0L6T
696T
8367
1567

19961
5987

7951
£951
7961

1961
IEs}



Table 6-14 Monthly Mean Temperature at Bolu Meteorological Station

Xov. Dec. Average

Qct.

“Jan. Feb. Mareh spr. May June July Aug.
12.1

Year

Sept.

3.0
10.8

18.1- 20.8°  13.8 9.9 3.2
13. 8

7.0

1.0 0.7 10.5

3.3

2.4

2.4
4.2

7.2

2.8 18] 20. 8 Z1.3 18.2

9.8

4.1

1.4

1657
1858
1859
1960
1961
1982
1963
1564
1965

5.6 3.8 15.38: 17.2 i3.¢ 13.8. 14.8° 11.0 6.0

5.7

-6.1

108

—

1.1 3.2 13.1 16. 2 18,8 19.% 12.9 8.8 6.2 5.6
13.5

4.2

2.3

5.2 10:7

8.8
‘7.1

1.4

15.0 16.4 18.8 18.4. 15,6

3.0
1.7

1.9
11

1.2
-0.17

10.2

17. 8 18. 4 19.6

i4.2

4.0

4.1

il.6

4.5

151 17.5 20.3 21.2 16. 4 12,5

8.9

7.6
3.2

5.1

-t

2.6

17.5
‘17,2

16.7

3.1

7.4
6.2

12.8 198 20.9 15.9 119
9.2

7.9

5.7

1.4
2.0

i. 8

4.5

5.1 11.6

1777

12. 2.

5.6

18.%

—i

-4

10

Loy ]

I~

8.2
o

1§. 4

18.2

5.4 8.2 13. 8" 18.3
11.0

5.8

-0.8

10. 7

16.7 20.8 20.3

13.¢

6.4
-2.2

2.8
-C.8

~0.6

15686
19¢7
1968
19

15.5

13.2

3.4
162

12.1 4.8 3.6
3.7

15. 8

18.5

15.8

9. 4:
11.3

3.2
3.4
4.3

19.0

15.3 19. 4 18. 4 15.5 10. 4 7.7

18.7

16. 1

0.1

6.8

5.9
~-0.3

16:7 10.2. 7.2
7.8

20.6

17,6

15.3

§.8
12,1

2.8

0.0

0.8
10,3

15. 1
18,3

18.8
18,0

20.8

16.7

[

3.8 4.8 7.8

1970
1971

10.6

0.1
-0.%

7.0
6.4

g0
11.2

16.5 18:. 2

14.1

8.0
12. 4

6.1

2.2
-0.%

5.4
~4. %
-1.9
-3 6

-

118 18.8 185 16.0

14.2

4.1

1872
1873
1674

9.7
10.0

16. 6 11. 8. 2.8 2.0
LT
~1.3

18.0

18.7

—t

(3~

13. 8

9.1

3.7

4.8
2.8

8.7

30

.7 13.3 i7.6 8.8 18.5 i5.1 5.0 8.5
il 8

6.4
7.3
3.8

4.8

18.1 20,3 19.4 15.8 il.1 5.8 10.3
17,0 -

13.9

1.0

1§75
14978

9.4
102 4

2.7

14.3. ‘12.8
155

18.8

13.0

9.7

.o
-0.2

15.7
16.9

1977
1978
i97¢
1980

18: 7 8.6 8.1 0.9
1.6

19.3

14.0

9.2

6.5

5.6

16.2

3.1

4.6

8.7 14.0 17.0 19.1 17.38

6.4

15.1.

4.4 7.0 8.8 13.9 17. 9. 17.9 19.2 16.1 11.2 1.2 3.0 0.7
4.0 17.8 §.1

2.0
-0.9

16.2
11,0

7.8
5.1

19: 8 14.0 12,1

20:4

14.3

8.4

8.2

1.0
4.3

8.7 11.17 18,6 19. 5. 16.1 15.5 14.°%

5.3
3. ¢

2.2
-1.0

3.0

1881
1982
1583
1984
1385
1986
1887
1988
1988
1380

Average

9.7

4.4

i
—t

13.0 17.3 17. 0 18.4 172

3.8
1.0

1.3

~2.0

K]
0.4

2.2

5.6
6. ¢
9.3

15.9 9.9
12.2.

171. 4

19.0

—

-—

14. 4

5.5

.9

10. 2

3.4 5.8 7.5 15.0 164 180 16.7 17.5
-3.7 16.1

2.8
3.3

9.8
105

15.5 -16.6 i7.5" 20. 6 4.7 9.0
10.6

3.3
-8, 2

1.8

3.2

3.7 i2.0 10.§. 16.9 18.5 21:1 i7.1
3.8

4.0
1.3
2.2

-2.9
~2.8

16,5

5.7 2.1 10.9

10. 6

18. 8

1.3 13.8 16.9

0.3

20. 8-

15,5 9.9 3.8 3.2 10.2
10,5

18.9

20.4

4.8 9.9 13.8
14,4

2.7
0.7

q
v

10.3

1.4
5.2
2.8

5.8

136 16.8 . 20. 7. 13,8
20. 1

1.3
5.8

10.3

15.3 12.32 8.3

18.9

5.7 12.7 16. 9

8.7

2.2

16.2

17.1 19.4 19.2 15.7 11.3 8.7

13.7

4.8

1.8

0.7



Estimated Monthly Mean Temperature onReservoir Surface (EL. 437m)

Table 615

Unit: mm

Feb. March ‘Apr. May June July Aug. Sept. Oct. Nov. Dec. Average
13.5 16,5 20,6

Jan.

Year

15.3 114 4.7 -1.9 10.5

22.3

12.0
113

2.5 2.2

3.8
~0.7

1956
1957
1958

22.4 22.8 19.7 14. 8 8.7
21.3

19:8

14.4

4.8
1.2

~{. 6

I8

12.% 7.5 5.1 12.3

1g.1

20.4

18.17

i0. 4

7.1

2.8
3.8

0.7 14. 6 17.7 21.3 20.6 14.4 10.1 1.1 7.1 19.6
10. 4

5.2

1858
1960

12.2

7.1

-
-

16. 8 17.3 20.4 19.9

10. 5

5.1

(V)

2.7

15. 7

2i.1 15.6 12. 8 8.6 4.3 1.7
22.1 12. 9

20. 9

18. 8

2.8 5.3 13. 2

0.8

1961
1562
1963

13.2

6.0
4.8

14.0

17. 9.

8.1 16.4 16. 6 19.0

3.0

4.1

21.8

12.2

22.4 184 134 i

19,2

21.4

4.7 g. 4 4.3
10,1

1.2

2.9

20.°7

9.0

11,2

6.0

13.1

16.6

13.7

0.4 6.6

1.5

3.0
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1985
1956

15.7

15.3 19. 8 20. 4 19.7 17.¢ 8.7 8.8 7.2 11,6
12.2

5.7
12,5

6.9
7.0

4.7

0.8

18.2 22.3 21.8 17.0 5. 6 i1 13.2
13,6

14.5

7.9
-0.7

4.4

14.7 17.3 20. % 210 7.1 5.3 5.1 11.0
8.2

10. 9

0.7

1867
1988

11.7

5.2

20. 9 19. 8 17.0 11. 9

13.90

4.8 12.8

1.§

4.0

0.8

12.0

~jt

8.3 15. 8 20, 2 19,1 12,1 18.2 11,7 8.7
13. 6

5.8
8.8

1.5
5.3
5.9
-3.0
0.4

o

—

18.2 22.1 20.4 16. 6 11.58 9.3 1.2 12.3
17,8

14,1

6.3

1870
1971

1.6 11.9

5.5

18.5

7.6 10,5 15.8 15. 0 20.7 20. 5

3.7

11.2
11.2

e

1.9
4.9

18.1 21.3 21.0 17.5 12.1
17.6 21.2 1¢. 5 18.1 18.3

15. 7
15.4

13.¢
10.86

1.2
6.3
4.0
2.2

1972
1873

31

9.2 14.8 18.1 20.3 20.0 16,6 16.3 5.9 3.2 1.5
13.3

7.9

~2.1

1974

18.6 22.0 20.9 1.3 12.6 7.3 0.2 11.8

15.4

8.8

2.5

15.8 14.3 2.1 4.2 11. 40
0.8

18.5

20.3

0.4 5.3 11.2 4.8

8.0

0.3
2.5

1976
1977

11,2

11.9

2.4

10.7 15,8 18. 4 20. 8 206.2 17.0 10.1

6.3

1.3 7.1 7.9 10.2 5.8 13.5 20.5 18.8 16.6 13.1 6.1 4.6
3.5

1978
1979
1980
1981
1982
1983
1984
1985
1985

8.5 10.4 15.4 19. 4 '19. 4 20.1 17.6 12.1 8.7 45 12.3
211

5.9
1.7

58

Lip )

14.2

15. %

8.9 15.8 19.1 21.9
16. 2

5.5

1.

0.6

wo

15.7

20.1 21.0 YA

13.2

8

37

4.5

6.8

18.0

19,9

0.5 4.8 11. 4 14.3 18.8 18.5 18.1 12.8 5.9
2.4 2025

2.8
=-0.5

17. 4 114 7.1 5.3 11.3

19.0

18.9

15. 9 17.8

12.5

11,1

1. ¢
3.7

5.4
10.8

18,17

16. 5 17,8 1.5 18.2

9.9
11. 8

6.8
4.8
6.7

£.§
2.1

4.4

11.4

18. ! 19.0 29. 1 16,2 10. 5

17..0

4.8

12.4 18. 4 2L e 22.% i8.5 12.1 4.7 3.1 12.0

18. 5.

5.2

3.5

4.2 11,8

4.7

§.2
5.3

5.3 2.3 8.8 15.1 18.4 22.3 201 18.0 12.1
11. 4

3.0
3.7

987
1988
1989
1980

Average

11:8

18.1 21.% 21.4 17.0 11.4

15.3

6.3
9.0
7.3

4.2

11.8

2.9
£.17

o

15.1 18. 3 20. 8 22. 2 17.1 12.0

15. 9

2.2

-1.3

11. 8

21.¢ 0. 4 16.8 13.7 16.3

18. 4.

11.2

3.7

17.2

14,2

4.3 11.7

8.2

12.8

3.3 6.3 11.2 15.2 18.6 20.8 20.7
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6.4  Sedimentation in Reservolr
6.4.1 Data Used for Calculation of Sedimant Volume

Sediment transportéd down a stream is divided into suspendéd leoad
and bed load according to the mode in which the sediment is
carried down. 0f the two, the measurement technique for
suspended load has been established, and in Turkey, continuous
- observations of subpended loads in rivers are being conducted by
EIE. On the other hand, with regard to bed load,-measurement in
a stream is difficult, and it cannot be avoided making only

‘estimates of volumes.

The design sedimentation at a reservoir can be calculated using
sedimentation data of an existing reservoir in the same river
basin, or from observation: ‘data of suspended load in the vicinity

of the project site.

In the Devrek River basin there is G&lkdy Dam near Bolu, but
since water is conducted to the reservoir through canals from
intake weirs, the sedimentation data_ih'the reservoir are not
serviceable as data for calculation of the design sedimentation.
Consequently, design sedimentiation of reservoir was estimated

by using observation data on suspended loads.

In the Fiiyos River basin; EIE is making measurements of
suspended loads at Gauglng Station No.1335 on the Filyos River,
Gauging Station No.1314 on the Yenice River, and Gauglng Station
No.1334 on the Biiyiiksu Rlver, a tributary of the Devrek River on
which the progect site is located- (See Table 6~17). Further, EIE
has been analyzlng measurement values from gauglng stations
throughout Turkey, calculated correlation equations for river
runoff and daily suspended load and annual sedimentation per
square kilometer, and compiles these results every 5 years as
Sediment Data and'Sediment Transport Amounts for Surface Waters

in_Turkey.
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The data on suspended load from observations beaing carriéd out

by EIE were used for calculation of design sedimentation in the

reservoir at the project site,

8.4.2 Suspended Load

The sedimentation at the Képriibag: damsite was-estimatéd by the

four methods as shown below and the value to be adopted decided

upon carxrrying out examinations.

(1)

Observation Data

Accordlng to Sediment Data and Sedlment Transport Amounts

for Surface Waters -in Turkev published in 1987 by EIE,

‘annual suspended loads per square kilometer based on ‘data

up to 1984 are the following:

Station Catchmerit Area . Period - Amount -

(km®) ~ | {tyrikm?)

No. 1314 5,086.8 1973-84 182
No. 1334 1,102.0 . 1978-84 33
 No. 1335 13,300.4 - 1967-84 . 286 .

0f them, regarding Gauging Station No.1334 with a
comparatively - short obServation period;-g the annual
suspended .load per square kilometer was ree#aminéd based on
observation data of EIE. .With_x as runoff (qﬁ/s); Y as
daily suspended load (ton/day), and observation period
taken from November 1977 to December 1990, the relationship
of X and Y was as below (see Figure 6-16). -

i

0.4907*(log X)? + 0.8583 * log X + 0.6081
0.877

log ¥
R

1

The annual suspended load per square kilometer at‘Géuging
Station No.1334 was calculated from the above equation and
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(2)

(3)

daily runoff of the watex years 1967 to 1989, and it was 39
ton/year/km?,

Proposition 1:,Same'Calculation'Method as That in Master

Plan Report

The annual suspended load at Géuging Station No.131ll,
downstream of the project éitér was to be taken as 182
ton/year/knl, the same as that at Gauglng Station No.1314 on
the Soﬁanll Rlver. In thls case the annual suspended load
Qetrest) Of the Devrek Rlver, Mengen Rlver, and Buyuksu Rivex

downstream of Gaug;ng Station No.1334 was as below.

Qocrosty = [182 * Apoasin= 39 * Awe.isa ]/

[A(No.lflll) - A(No.l?x]ﬁ) ]

where, Ag, 311! Catghment area of Gauging Statlon No. 1311,
2,420.0 km?

Ago.i3yy: Catchment area of Gauging Station No.1334,
1,102.0 km?

'COnsequently qﬂmwm was 302 ton/year/km . Hence, the annual
suspended loads at the upstream and Master Plan damsites

were obtained as follows:

Upstream damsxte.
Qﬁw = 301 790 ton/year (154 ton/year/km )

Master Plan damSLte. _
Qawp = 312,360 ton/year (157 ton/year/km )

Propostion 2: Calculation by Using Weighted Average on
Annual Suspended Load per km? '

Average annﬁal spsended load per square kilometer in the
project area was estimated by using average on those of
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(4)

No. 1314 and No.1334 stations weighted with catchment: areas
of the stationms.

Qoavy = - 1182 % Byoimay + 39 Apo.izan ]

! [Agoasiy + Aweinzn ]

where; Ueayy ¢ Welghted average ‘on annual suspended 1oad
' (ton/year/km’) ' '
Amo1um- Catchment area of No. 1314 statlon (km )
Ao, 1334) 3 Catchment area of No 1334 statlon (km )

As result, Qeany = 157 ﬁon/year/knf wee‘obﬁéinedf and annual
suspended loads at upstream and Master Plan dam51tes are as
below.

Upstream damsite:
Qsup = 307,560 ton/year (15? ton/year/km )

Master Plan dam81te-
Qup = 313,060 ton/year (157 ton/year/km )

_Prop031t10n 33 Calculatlon from Relatlonshlp of Catchment

Area and Annual Suspended Load

EIE is carrying out observations of sUspehded load at five
gauging stations in the  Region 13, ‘including the
abovementioned three gauging stations in the FilyasiRiver

- basin. The catchment areas'and annual suspended loads of

these five gauging stations can be expressed by the
relationship below (see Flgure 6~17). o

log ¥ = 1.2208 * log X + 1.2693
where, Y: Annual suspended load at gauging station

(ton/year)
X: Catchment area of gauging station (kmz)
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The correlation coefficient (R) became 0.935. With this
equation, the annual suspended loads at the upstream and
Master Plan damsites are obtained as follows:

Upstream dam51te.
Qup = 194,180 ton/year (99 ton/year/km’)

Master Plan dam31te°
Qoo = 198,430 ton/year (100 ton/year/km )

Proposition 4: Calculation from Empirical Equation

Some empirical equations have been proposed based -on

observations of suspended loads at many rivers and streams,
and these are used when observation values on suspended

load of a river are not available.

. Fleming expressed the relationship between average annual

runoff and annual suspended load by the following equation:

n

Q. = aQ
where, Q: Average annual runoff (cu ft/s)

Q.2 Average annual suspended load (ton/year)

a, n:-Coefflclents_dependlng_on vegetation in basin
Area of mixed broad-leafed and coniferous
trees; '
n=1.02, a= 106
Area of coniferous trees and tall grasses;
n=0.82, a = 3,196

- Taking into coneideratiOn. the vegetation in the Devrek

River basin, the annual suspended loads at the upstream and
Master Plan damsites are estimated to be as follows:

Upstream damsite:
Qep = .305,520 ton/year (156 ton/year/km )
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: Master Plan damsite:

Qmm_u'BOI 150 ton/year (154 ton/year/km )
Suspehded Load to bé Adopted
The following compiles the above results.

(Unlt' “ton/year/km?)

‘Master Plan

Method Upstream Damsita Damsite

Proposxtlon 1. Same Calcula~ L .
tion Method as That in 154 T 157
Maqter Plan Report

Propos;tlon 21 ‘Calculation by

' Using Weighted'Average - o ‘157 | 157
on Suspended Load per km? | '

Proposition 3: Calculation

from Relationship of 99. 100

Catchment Area and
Annual Suspended Load
Proposition 4: Calculation 156 | 154

from Empirical Eguation

The calculation results of the propositions 1 and 2 were

approximately same value, and were almost egqual to . the
results of the proposition 4 in whic¢h an empirical equation
was uséd} Consequently, 157‘t0n/yeax_‘/kin2 was adopted as
annual suspended load per square kilometexr at both upstream
and Master Plan damsites. Annual suspended load at each

damsite was as below.

Upstream damsite: 307,506 ton/year
Master Plan damsite: 313,060 ton/year

On the other hand, according to DSI, though annual
suspended loads obtained at No.1334 and No.1314 stations
are reasonable taking into account vegetation in the Devrek
and Sodanla River basins, it is proposed that 182
ton/year/km? including 20% of suspended load as béd load

should be adopted as conservative estimate on sedimentation
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in reservoir. 1In this case, suspended load is estimated as

below.

Suspehdéd'load (ton/year/km2)
= 182 x 1/1.2 = 152

This wvalue is nearly equal to that adopted above.

© 6.4.3 Bed Load

Because a  measurement method for bed load volume is not
established, and the volume is generally expressed in terms of
a ratio of suspended load volume, it was assumed that bed load

equals 20% of suspended load.

6.4.4 Trap Efficiency of Reservoir

Brune gave the relationship between "total storage volume/annual
inflow"'and'trap efficiency. When total storage volume of
reservoir of each dam is taken to be 200 x 10° m’, values of the

"total storage volume/annual inflow" were as follows:

44.8%
44.1%

Upstream damsite: 200 x 10°/445.90 x 10°
Master Plan damsite: 200 x 10%°/453.86 x 10°

Consequently, the trap efficiency of each reservoir was obtained
as 100% from the Brune'’s diagram by using these values. '

6.4.5 Calculation of Sediment (by Weight) Entering Regervoir

By using theiaboveméntioned suspended load volume; bed load
volume (%), and trap efficiency, and with the period of
sédimentation as 50 years, the sedimentation volumes at the
reservoirs of the upstream and Master Plan damsites were obtained

as follows:
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-SH = Q, x (1 + E‘b/lO_O) x»'-Eb/l.0.0 x T

where, S, Reservoir sedlmentation at T years (ton)
Q,: Annual suspended load (ton/year)
Eyt Bed load ratio (%)
'Et. Trap efflclency {%)

T: Period (year)

Upstreém damsite:
Sw = 307,560 ton/year x 1.2 x 50 year
= 18.45 x 10° ton

Master Plan damsite:

Sw = 313,060 ton/year x 1.2 x 50 year
= 18.78 x 10° ton

€.4.6 Sediment Density

The average sediment density W, after elapse of t years of the
sediment dep051ted inside a reservoir would be calculated by the
follow1ng equation of Lone and Koelzer.

W, =W + K log t
Accordingly, the density W; of sediment in the reservoir after T
years would be calculated by the equatlon below on integrating
the above equations
Wp =W, + 0.4343 * K * T/(T-1) * (1nT-1)
where, W;: Initial'density.(ton/ms)
K : Density increase coefficient (ton/m )
T: Calculation period (year)-
For initial density W, and density increase'coeffiéient K, the

values below are employed taking into consideration the
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components of the sediment and operating conditions of -the

reservolir.
. Sand Silt Clay
Rate (%) 40 30 30
(t/m’) 1.490 1.041 0.48
K (t/m’) 0 0.0913 0.256

As a consequencefof the above, W,, was obtained as 1.19 t/m',
6.47 Design Sedimehtation of Resarvoir

The sedimentation volume S;Uﬁ) after 50 years in each resexrvoir

was as follows:
Sy= Syl Wso

Upstreamn damsxte.

Sy = 18.45 x 10° ton/1.19 ton/m® = 15.50 x 10° m’

li

Master Plan damsite:

Sw = 18.78 x 10° ton/1. 19 ton/m* = 15.78 x 10° m’

it

Accordingly, assuming that the_sediment_surface of the reservoir
50 years later is horizontal, the elevations were determined as

follows from the capacity curve of each reservoir:

Upstream damsite: EL.388.40 m
Master Plan damsite: BEL.380.40 m

Decrease amount of annual suspended loads (AQs) at the Fllyos
river mouth can be estimated with annual suspended loads per km®
at No. 1335 gauging station (see 6 4.2 {1)) and annual suspended
loads at the dam site decided in 6.4.2 (6). '

[

AQs 313 060 ton/year/(286 ton/year/km x 13,300 km® )

0.082

The decrease amount is assumed to be around 8%,' and it is
considered that the decrease amount will be small.
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log¥=0.49068 X (1oax)? o
+ 0.85832 X togx+ 0.40814

R= 0.877 .
" N= 153
{(ten day)

10000 .

1000

100 7

SUSPENDED LOAD

1 | ‘ (m® /5)
L 10 o 100 '
RUNGFF '

Figure 5-16  Correlation between Runoff and Suspended Load at No.1334 G.S.
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{10% ton/year

1,000

Yearly Suspended Load Amount

T e 1335

1307

IOOH
B log Sy = 1.2208x log A + 1. 2693
3 R =0.935
3 ® 1334 |

|O [ | I | i ] N I I | | ] I
100 1,000 - 10,000

Coichment Area (km?)

Figure 6-17  Corvelation belween Catchmeht Area and Yearly Suspended Load Amount
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6.5 Probable Flood Discharge
6.5.1 Data used for Calculation of Probable Flood Discharge

Of the six gauging stations in the catchment of the project site
and'its_surfdunding area, peak discharges during’fldods are being
observed !at'éfive gauging stations except No.13-44 gauging
Estation”' Table 6~18 shows annual maximdm peak discharges at the
flve gauglng stations and annual maximum daily dlscharges at
No.13-44 gauging station. Calculation of probable floods was
carried Out.by u51ng the diécharges aﬁ'No.lSl? and No.1334
gaugiﬁg stations of which'observatibn peribds are relatively
long,;compared‘with périods of the other three'gauging stations,
. The ldgarithmic ndrmal distribution,'Gumbel distributiOn and
lLogarxthmlc Pearqon IIT dlstrlbutlon were adopted as ‘probable
dlsbrlbutlen functions, after skewness and kurtosis of dlscharges

at the two gauging stations were_calculated respectively.

6.5.2 Probable Flood Discharge at Damsite

fhe calculation results of probable flood discharges using the
-three before-mentioned distributions are shown in 'Figures 6-18
and 6 19, and Table 5 19

Probable flood dlschaxge of each return perlod at the dam51te was
calculated ‘as -summation among . dischaxrges of the two gauglng
stations and dlscharge in the resxdual area of catchment area of
- the two gauglng statlons Dlscharges in the reSLdual area were
estlmatgd by multlplylng the area {km ) by flood discharge per
lsquare' kilbmeter' at No.1319 gauging station, because flood
'dlscharge per square kllometer at No.1319 gauging station was
larger than that of No. 1334 gauglng station. Table 6-20 shows
these results '

It is COﬁsldefed that the Gumbel distribution gave the best

fitness of the above thréé, and for capacity calculation of the
diversion tunnel the result of the distribution was applied.
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(1) Master Plan Dam Site

Table €-20 Probable Flood at Dam Site

Unit:m?/s

Heturn Period Ldi; Mormal ' Gunibel‘ Lq%;;e;:'flon '
(Years) Distrlputlon - Distribution Distribuion
2. 127 13s | 1as)
5 198 : 218 | 198
10 253 - 273 ] 255
25 Co331 342 337
50 390 306 1 406
100 | 455 B 445 482
1,000 ' 711 ’ 613 - | 701
10,000 ' 1,036 1 782 : 1,208
(2) Upper Dam Site r
: ' Unit:m¥/s
Return Period Log Normal Gumbel | LO%;;(;&:‘SQQ
(Years) Diseribpiion Distribution Distribution
2 124 | o132 o 123
5 o 103 | 213 193
10 247 . 266 - | 248
5 | - 322 | 333 | 328
50 379 . 383 ‘ . 395
100 _ 442 a3y 468
1,600 690 _ 597 .. 768
10;000 1,004 ' 761 - 1,171

Note: Qe= Qra1319)tQec13363 7 [Qecis19) FAL1319) ] fApa-AGiain -A33) ]

where, Qp Discharge of probable flood at Dam Site

Qp(1319). ¢+ Discharge of probable flood at No. 1319 Gauging .

Station

Qp(13z4) *  Discharge of probable flood at No. 1334 Gauging
Station

Apan : Catchment Area of Dam Site

Master Plan Dam Site
Upper Dam Site

Apay = 1,994 km?
Aoy = 1,959 kmz_;

Ansrgy @ Catchment Area of No. 1319 Gauging Station Aq1319)
: 766.4 km? :

A(1334) H Catchment Area of No. 1334 Gauging Station }\(1334‘) =
1,102 km? :



66  Probable Maximum Flood
6.6.1 Probable Maximum Precipitation (P'MP)

Probable maximum flood (PMF) ‘is calculated by using probable
max1mum precipitation (PMP) which is physically maximized up to
upper - limitation with hydor»—meteoroglcal method. PMP is
estimated by multiplying actual precipitation during a storm. by
the ratio (Maximiz'atibn -Factor: *ym*-ﬂwmfwsj of the maximum
precipitable water W, (mm) to the .precipitable water during the
storm W,(mm). Depths of precipitable water between EL 0 m with
1,000 mb as’ bottom and Various heights are expressed as a
~ function of dew-point. Because in Turkey, vap'o.r pressure is
being observed as an alternative to dew-point, vapor pressure was
converted to dew-po:m‘r and used for the PMP analys:l.s. In the
bas:.n of the prOJect Sl.te, vapor pressure is belng measured at
Bolu meteorologl_cal station (EL.742 m) and observation data at

the station were utilized.

The mountain range located on the southern boundary of the
project basin is considered as the topographlcal barrier in the
analysis, and precipitable water to be used for calculation (W,
or W,) is estimated with average elevation 1,500 m of the
mdunta-i‘n"rarige as the bottom and 200 mb as the top of an air
column.  That is, =precipita};)le water (W, or W,) is expressed as

balow.
W =W1 "'p:z

where, W:  Precipitable water (W, or W,)
'~ W;: Precipitable water -of the air column with.l,OOO
mb at EL.0 m as the bottom and 200 mb as the top
W,: Precipitable water of the air column with 1,000
" mb at FL.0 m as the bottom and EL. 1,500 m as
the top R '

The precipitable water during a storm (W,) was estimated by using
value of l12-hour persisting 1,000 mb dew-point obtained from
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representatlve 12+~hour pers:stlng vapor prebsureadurlng the storm

i

at: Bolu meteorological statlon._

On'the other hand, 12-hour perSLStlng 1 000 mb dew»pomnt for
estlmate on maximum precipitable. water {Wa) was selected as

descrlbed below. -

i) .Monthly maximum 12-~hour :persisting-ﬁdemeoints were
caldulated with monthly maxinmum 12-hour persisting vapor -
_pressures observed at Bolu meteorological station..

ii) The above . deWmPOLnts were converted to monthly maximum 12~
hour persmstlng 1,000 mb dew-poxnts.

iii) Maximum 12-hour persisting 1,000 mb dew-point of return
periqd 50 years was calculated by month.

iv) as 12- hour persisting 1, 000 mb dew—p01nt used’ for eetlmate
on W, maximum on envelope curve of iii) within 15 days of

storm occurrence date was selected.

Observed storms were maximized by wusing W, -and W, which were
estimated with the above metheci " Table 6-21 shows average
precipitations during storms in the bas;n of the project and
results of maximization of the storms, and_the depth-duration
curve of maximized precipitation is shown in Figure 6-20.
Because the storm which occurred on May 1, 1975, caused maximum
daily precipitation, precipitation obtained from maximization of
the storm was adopted as PMP. Process of maximization is shown
in Table 6-22, with reference of Figures 6-21 to 6-23.

Since PMP was calculated with unit of a day, it was necessary for
conversions to be made to 6-hour units which were used as'fhe_
units for the unit hydrographs described iater. The conversion
to 6-hour precipitation of the 24-hour PMP was perfotmed with
multiplying the maximization factor y, estimated in the PMP

analysisiby persisting precipitation data during the_storm'at
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Bolu meteorclogical station compiled in Maximum_Precipitation

Frequehcv in Turkey (1990, DSI).

Unierm precipitation loss of 2 mm/hr was assumed, and increment
of effective  PMP. for every 6 hours was arranged in the
distribution t©o cause the maximum discharge. The time

distribution of PMP was selected as shown below.

(Unit: mm)

Increment of

puration Incrgma’nt Loss Effective PMP
0-6 hr 35.9 12 23.9

_ 6~12 hr 39.0 12 27.0
12-18 hr 96. 4 12 84.4
18-24 hr 13.5 12 1.5
Total 184.8 48 136.8

6,82 Unit Hydrograph

Unit Hydrographs of the Bliyliksu-Devrek River and Mengen River
were prepared by using Snyder’'s concept of ‘Synthetic Unit
Hydrograph’ under the conditicns described below.

Precipitation Duration: .6 hours
Precipitation Intensity: 10 mm

‘Pigure 6-24 shows the unit hydrographs of both rivers.

6.6.2 l%dmNéMaﬁmumFbod

PMF' hydrographé of  both rivers _resulting from the time
distribution of effective PMP were given by multiplying
discharges of the unit hydrdgraphs shown in Figure 6-24 by the
increments;@f effective PMP. Base flow was assumed to be 20
m’/sec, based on average runoff at the damsite (14.39 n*/sec) .

Summation of the two PMF hydrographs caused by PMP and base flow
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-gave PMF hydrograph'at the damsite The peak dlscharge of 2,485
'nﬁ/sec was- rounded, and Figure 6-25 shows the PMF hydrograph Wlth
peak dlscharge of 2, 500 m’/sec.

*Ptbbable maximum floods of existing and planned dams in Turkey
are shown in Figure 6-26. - . '
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‘Table 6-21 Maximization of Precipitation

Storm Date Storm  Averagé Maximiéation Maximum

{Year, Month Duration Precipitation ) Precipitation
: - Factor
& Day} (hr) . - {nun} : {mm)

1972.6,21-22 48 60.3 2.815 169.74
1975.5.1 24 426 4.339 184.84
1975.5.16 1 24 . .36.2 3.310 119.82
1979.6.1-2 48 53.6 2.315 124.08
1981.3.13 24 30.6 2.750 . 84.15
1982.8.27-28 48 ' 75.8 2.286 173.25 -
1984.4.16-17 48 34.6 5.352 185.19

"_I'gb'le 6-22 Process of PMP Estimation during the Storm on 'May 1, 1975

Item Observed or
Calculated Figure
{1) Representative Dew Point observed at Bolu 4.0°c*
during the Storm (°C)
{2) Reduction of (1) to 1,000 mb at EL.0 m (°C) 8.2°¢*2
(3) Precipitable Water (mm) 12.0* - 7.0 = 5.0
(4) Probable Analy31s on 1,000 mb Dew—Point after i -
conversion of Monthly Maximum Vapor Pressure
at Bolu to 1,000 mb Dew-Point at EL.O0 m
(5) Maximum 1,000 mb Dew-Point of Return Period 16.1°C
of 50 Years at that time _
(6) Precipitable Water (mm) 37.7%% - 16.0* = 21.7
(7) Maximization Factor - (6)/ (™) 4,339
(8) Average Prec1p1tat10n observed in the Project 42.6
Area (mm) 3
(9) Maximization of (8) {(7) x (8) (mm) 184,84

Note: *1 Vapor Pressure is converted to dew-point by using & curve of
saturation of 1007 in Figure 6-21
*2 BSee Figure 6-22
*3 - Precipitable Water between 1,000 mb at EL.0 m and 200 mb
"{See Figure 6-23}
*4 Precipitable Water under topographic barrier of EL.1,500 m

(See Figure 6-23)
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Chapter 7 GEOLOGY AND CONSTRUCTION MATERIAL

7.1 Geology
7.1.1  iIntrotuction

Regaxrding the layout. of the pr1n01pal civil structures in the
electric power generation scheme of the Kopribagi prOject - there
have been five proposals offered 1nc1ud1ng the proposal made at
the -etage of the Master Plan, and a compariSOn study - was:
conducted based on the results of the first field 1nvest1gat10ns
carrled out in October 1992 by the pSt and the JICA Survey Team
and the results of analybes of existing data. As a consequence,
as prevxcusly mentloned it was de01ded to carry out additional
lnvestlgatlons on A Layout (Headrace Tunnel- Open Air. Powerlouse
Type) and D Layout (Underground Powerhouse-Tailrace Tunnel Type)
and make a comparlson study of the two because they are_supe;10r3
"to the other options, These additional inveStigationS were
started in the middle of April 1993 after waiting for snow in the

investigation area to melt and were continued into October.

Inf'this"Chapter, from 7.1.2 to 7.1.4, the results of
organization, analyses and evaluations'of data obtained regarding
geology, topography, and construction material of the KGpriibasi
Project through data gathering, field 1nvestlgatlons,_ and
geologlcal lnvestxgatlon works carrled out during the perlod from
October 11992 to October 1993 by the JICA Survey Team in
cooperatlon w1th the DS? are described.

The outlines of the various investigations made at the pfeject
site for the Feasibility Study and the wide—areakgeology are
deseribed in 7.1.3 and the geblogy of the project site in 7.1.4.

: The prxnc;pal data related to thls chapter are complled in Table
7-1 to Table 7-1 and Flgure 7-1 to Figure 7-16, and the basic
data used in. preparatlon of these figures are compiled in

Appendix A-3-1 to Appendix A-3-6.



7.2.2 0uil¥ne of _the Investigations -
(1) Existing Data and Geological Prospectings

The exiSting data used as referencss in preparing this Repdrt_are
as listed in Table 7-1.

Table 7-1  List of Existing Geological Data

R ) . | * Publishing
No, . - Tiile | - . Descnptupn._ : " Organization
S Report and Drawings of
) Geology Df Kﬁpruba$1 Geological Plans and . | DSt
.‘Dam . § Lo :
-Sections ) :
: Bolu~Mengen; Report. and Drawings _
0] Koprubaga Pro;ect concernlng Construction : Dsi
| 1991 : Materials : '
| Kdprubasy, Dofandzt, S
9 | Pegenek Baraj Yeleri Seismic Risk Analysis pst
Deprem Risk Anallzi Report :
11992 :
Geological Report of : Co
0 Filyos-Kdpribaga ‘Report and Drawing of CFIE
Damsite, Vol. I, II & | Geological conditions
T11, 1964

(2) Additional Investigation Works

“Various geologlcal 1nvest1gatlons and constructlon material
investigations were carried out in thlS project area by the EIE
in 1964 and the DS in 1992, and the results of these
investigations have been compiled in the form of reports as
_pxeviously.mentioned at Table 7-1. | |

As a result of reviewing these exiSting_reports, it was found
| necessary for the respective geologicél' and englneerlng
geologlcal chardcterlstlcs to beé explalned in somewhat more
detail considering the pro;ect area, and pr1ncxpal Ceivil
structure sites in order to carry out a Fea81b111ty Study for
this Project. Therefore, gqeological lnvestlgatlons, and



geophysical ' explorations were planned as  additional

investigations, and these investigations (including in-situ tests

and laboratory tests) were carried out as described below.

a)

Geological Investigations

‘i-')i

iiy

Aero-photo Interpretation
Aerc-photo interprétations were made to obtain basic
data for explaining the topographical and geological

characteristics of the project area.

The scope of aero-photo interpretations considered

~included an area covering the powerhouse site,
waterway route, damsite, reservoir area, and
construction material sites, corresponding to a range
'épproximatély 15 km long in the northwest-southeast

direction along'the bDevrek River, and:approximately

'8 km wide with the Devrek River roughly at the middle,

the scales of the photographs used being 1/15,000 and
1/35,000. The major. items of dinterpretation were
vegetation, ‘land use mode, geological boundary,
1ineament, drainage pattern, kick—point of slope,
outcrop of basement rockf(for example, cliff}, karst
topography, fan area, terrace, landslide topography,

colluvial topography, surface water emergence, etc.

'Geologicél'Mapping

‘Geological reconnaissances had already been carried
-out ‘on' the project area, the damsite of the Project,

the reservoir area, and construction material

collection sites by the EIE and the DS, and these had

been compiled in the form of géélogical'maps. These

maps'_were' of sufficient accuracy for preparing a
maSter.plan-for the Project, but for the Project to be
raised to the level of feasibility it was ﬁecessary
for additional geological mapping to be done with the



iid)

iv)

purpose  of -evaluatihg 'the"engineering' geological

prop9rt1es of the panC1pa1 c;v;l structure s;tea and

the reservoxr area. .

-The sites on which additional geological mapping was

done for the project area and . the outlines of
specifications for: the investigations at these sites
are as given in Table 7-2.

Core Boring Investigations
In the Féasibility Study for this:Project a comparison

study was made of the two proposals of A Layout and D
Layout- for layoutq of the power generatlon scheme

‘structures based - on .the,_results .0f  the wvarious

investigation data and field recOnnaissances carried
out.: Therefore, core boring investigations (12 holes,

total length 765 m} and hydrogeclogical. 1nvestlgat10ns
-(drlllhole water level measurements’' in all drlllholes'

and lugeon tests in part of the drlllholes) utlllzlng
the drillholes are as given in Table 7-3 and Figure

7-1.  Along the dam'axis, there has been enough'core

investigation data therefore we only checked the core.

Laboratory Tests

. The powerhouse in the D LaYout'of power generation

scheme structures of this Project would be an
underground type and in this case. it will be necessary
to know the physical and mechanical_prbperties of the
surroﬁnding rock of the underground powerhouse site.

Therefore, laboratoxy tests, namely, petrographic

- microscope ‘examinations, density measurements, and

uniaxial compression tests addition to the geological'
and geotechnical observation, were carried out on a
boring core {DDV-1}.



b)

Additional uniaxial compression tests for 5 pieces of
§K-1 and TSK-3 were carried out in order to know the

‘general geotechnical characteristics at the dam site.

‘Geophysical Exploration

The penstock in the A Layout. power"generatidn scheme
structure of = this PrOjeCL is = planned along ‘the
comparatlvely Lounded ridge at the right-bank side of the
Devrek. River, and the powerhouse at the foot of that rldge,
while the tailrace is planned to pass the terraced portlon

formed along the right bank of the Devrek. The tailrace

tunnel of D Layout is to pass under a rldge further
downstream than the ridge where the penstock of A Lay_outi
will run, with the final section of the tailrace passing.

the same terrdced portion as méntioned above. Since there

-areefew eutcrops'of basement rock where these structures

‘pass and the geological conditions are unknown, it was

necessary for engineering geologieal properties of the
surroundings of these structures or the foundation ground
to be grasped. It was for this reason that the seismic
exploration {(diffraction method) indicated in Table 7-4 and

Figure 7-1 was carried out.



Table 7-4 - Seismic Prospecting (Refraction Method) Planning

Line No. . . : :
; tion - Remarks
(Temporary) Locatio | Lerjgth . e
SA-1 _Surge;ank sitefpenstock route - 800
A Layout
SA-3. " | Penstock route/Powerhouse site - 306 Intersecting
: A Layout ' : . with SA-4
P B ' N Intersecting
SAeﬁ_ : Pen$t§ck ;oute ~'A Layout | . ;50 | with s5A-3
:SAQS Powerhpqse siteftailrace canal - 300
o route - A Layout : o
_éD-l-' | Tailrace tunnel route - D Layout | = 350 2 lines
'SD.Z ' Tailra e tunnel route - D Layout - 100 Intersecting
“U-2 | arirace tan oute: - yo _ with SD-1
SD-3 ‘Tailrace .canal route - D Layout . . '300 o
ey S _ in total
7 Lines: 2,300 length

- 7.1.3  Regional Geology
(1) :Topography

Gebgraphica’lly, the territory of Tﬁrkey is partly in easteri}— _
Europe as the east end of the Balkan Peninsula (Trakya), while
the greater part is the Anatolia Peninsula (Asia Minor Peninsula)
at the western end of the Asian Continent surrounded by the Black
Sea and the Medltezranean Sea, the shape belng rectangular as a
whole fitting in a length of approximately 1,500 km east-west and
width of approximately 550 km north-south.

The topography of Turkey as a whole reflects the geological
structure and is featured by a structural topography of a roughly
east-west nature and consists broadly of three belts: the Pontos
Folded mountain system belt,-' the Anatolia Plateau belt to the
south which makes up the backbone of the Anatolia Peninsula, and
the Taurus folded mountain system belt which is still further to



the south and extends east-west along the Mediterranean Sea while

accompanied locally by bending.

The Devrek River which is the object of development in this
Pro;ect is. a tributary of the Fllyos River emptying into the
Black Sea at roughly the middle of the western half of the whole
of Turkey,_and is one of the rivers in the Pontos folded mountain
system as-shown in Figure 7-3.. The Buyukbu River (rlver length-
approximately 50 km} which rises from the southwest outskirts of
. Bolu,'a major city on the arterial route connectlng fstanbul and
Ankara, ‘and flows down in the southeast. direction, and the Mengen
River (rlver length approxlmately 50 km) which goes by Mengen,
a town in the mountaln 1and merge in the vicinity of the small
hamlet of Gokgesu, where the name changes to the Devrek River.
The Devrek, downstream of the confluence, flows down in the
northeast direction, at times bend;ng sharply in the noxthwest
direction; runs down approximately 75 km in the northeast
direction on' the whole to joinfthe Yenice River (river length
approximately 280 km) which becomes the above—mentiohed Filyos
RiVer (ri#er length 30 km) at the downstream most section.

The damsite of this Progect is located on the Devrek River
approximately 20 km downstream- along the Devrek from the

confluence of the Biiyiiksu River and the Mengen River.

The Devrek River in the projeCt area is composed of alternating
parts flowihg paralliel to'the-geological structure and parts
which fldw croséing the structure, and in general, the latter
parts'mosﬁly consist of V-shaped valleys. Mountains with peaks
from elevations of around ‘1, 000 m to 2,000 m both sides of the
Devrek River in the project area in the southwest-northeast
dlrecthn on the whole, and the figures of the mountains are
comparatively rounded. As.for inclinations of slopés, those
rising from'the Devrék River are the steepest in general due to

downcutting actions of the river.

Regardlng large -scale landslide or colluvial areas in the project

'area, no unstable topographies can be recognized so far as seen



 from ‘results of field géological reConnaissanceé,_ existing
topographical maps, and aerial photographs obtained  for
'topographlcal and’ geologxca] analyses for the Project.

Oon the'other hand, Landsat=iméges,:as'shown in.Figuré 7—2,
clearly indiéate thé ekiStencé'offa'liﬁéament_in.rbughly the
éast;northeaSt1x;weét—southﬁéstﬁdiréction_passing-thréughfplacés
such as Bolu and Gerede to the south of the projéct area. It is
obvious that this lineament corresponds to the North Anatolian
Fault, -and it.méy'be pointed out that it will. be. necessary
hereafter to study in more detail the topography and fault
activity in relatlon to this- llneament.

(2) Geology

‘The territory of Turkey, from the standpoint of :geolqgical
structure in geheral,:makes ﬁp a part-ofhthe3Alpine%Himalayah#
 Indonesian orogenic belt. ZStructufally,.T&rkey indicates an
approximately east-west geological structure and may_generally
be divided into belts extending roughiy ‘east-west in the
Anatolian land mass, namely, the Pontides belt along the Black
Sea coast, the Anatorides to‘the'éouth-OCcupying the central part
of the Anatolian Peninsula, and the belt along the Mediterranean-
Sea divided into the Taurides in the west and the Border Folds
.in the east. The project area is located ét_the west part ‘of the
Pontides out of the above-mentioned geolegical structure belts.

The western region of the Pontides belt, according to recent
related material, may be further Sdeivided‘geologiCally into the
Istanbul zone and the-Sakarya zone. The Istanbul zone comprises
a continental fringe belt (continental ' terrace) with 'a
Precambrian .metamorphid rock basement, and is featured by
Paleozoic sedimentary rocks (Cambrian Period-Permian period).in
a comparatively guiet environment. In contrast, the Sakarya zone
does not include Paleozoic strata as primary strata. The
Istanbul zome occupying the riorthwest part of the Pontides belt
tectogenically overlies the Sakarya zone to the south.



According to the above division, the project area belongs to the
Istanbul zone.

Regardlng the geology of the. progect area there are already
reports complled by the EIE (1964) and another complled by the
pst (1987).

The opinions of the abové-mentioned two agencies concerning the
geologlcal outline of the Droject area are the same’ qenerally
speaklng, but there is a difference in judgement of the
gecloglcal ages with regard to strata in part. Here, the results
of geological exploratlons carrvied out 30lntly by the D8I and
this Survey Team are described below..

As_shbwn in Figbre 7-3, various rocks belonging to Precambrian,
Paleozoic (Devdnian~Silurian), Mesozoic (Cretacéous), Cenozoic
(Tertlary and Quaternary) times in terms of geologlcal age are
distributed in the mid-stream to upstream stretches of the Devrek
River where the prOJect area is located, and these rocks show
roughly southwest-northeast di:ectionality'parallellng the North
Anatolian Fault from the standpoint of geological structufe.

A geological map of the project area is given in Figure'7-4 and
the geologic sequence in Table 7-5.



Table 7-5 Geologic Sequence of the Project Area -

Geologic Age . Lithologic Characters ' Remarks

Quaternary Alluvium: - 8ilt, sand, gravel =~ Reservoir Area
' Terrace: Slightly cemented gravel Lo '
sand and gravel - Damsite
_ ' : Waterway route
Slope Wash: Boulder, C_:Obble, pebble', and pow-erhouse
with some fine-grained | site
“materials : ‘
Upper : E}ysch: Claystone, marl, ganqstone Reservoir Area
Paleocene : : _
| Upper - © | Limestone
Cretaceous
Granitoid: Granite,'granodicrite : .Damsit93 watér—

way route,

Lower-Middle : o,
powerhouse site

Jurassic _ o F
i and reservoir
area
Metamorphlc Serles
' . Green Schist; Serlclte, chlorite, R
Paleozoic-Pre- - R
ok : . aktinolite schist Reservoixr area
Cambrian : :
Crystallxne limestone
Gneiss, amphibolite
Altered Gyanodiorite
Age  Unknown Porphyry ' - Waterway route

These rock masses of various geologlcal ages contact each other
by faults (lncludlng estimated faults) of’ northeast_southwest
directionality or unconformity, and the Devrek River in the
project area on the whole cuts across the above-mentioned rock
masses. '

The principal c¢ivil structures of the Project would all be
provided in arcas where Mesozoic (Lower-Middle Jurassic Epochs)
granitic rocks are distributed, while in the reservoir area there
are distributed granitic rocks of the Mesogzoic: (Lower«-Mi‘ddle-
Jurassic Epochs) and metamorphic rocks  of Péledzoic to
Precambrian and flysch of the Cenozcnc (Upper Paleocene Epoch)
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(1)

a)

Site Geology

Reservoir

Topography

The reservoir area, as shown in Figure 7-4, is located at
the upstream part of the Devrek River, in mountainland
where the river, while repeatedly showing small bends,
flows in the northwest dlrectlon as a whole. The Devrek
River in the area to become the reserv01r_forms V—shqped
valleys at humerous'places so0 that the reservoir will have
many parts in contact with sﬁéep'slopes. The .shape of the
resérvoir is slender and except for two poCkets-forméd:by
gullies of lengths less than 2 km at the right-bank side

1mmedlately upstream from the dam, there are no tributaries

or gullies runnlng into  the reserv01r to form large

pockets. The length of the reserv01r will be approximately
15 km along the Devrek River. '

The mountain bodies surrounding the reservoir are of

' heights.frdm"350_ to 1,400 m, and except for the gentle

slope approximately 1 km wide in the NE-SW direction at the

fiost upstream part of the reserVOLr, a rugged topography is

presented as a whole. ' There are terraced flat lands and

river beds distributed ‘along the Devrek River, but these

are not of very 1arge sizes. Development of fans is not

seen either.

Judglng by results of study of topographlcal data and of
field reconnaissances, - except for the old landsllde
topogr&phyISeen at the gentle slope'at the most upstream

- part of the reservoir area, unstable topographies of 1arge—
scale landslides and collapses are not seen. According to

the .results ‘of aero-photo interpretation, there are

'llneaments extending several kilometers in the N-S, E-W, or
NE-SW directions, but nothlng ‘was confirmed to be a

distinct fractured zone in field reconnaissances.
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b)

Geology

In. the reserVOLr"surroundings- there are . Paleozoic-

Precambrian metamorphic- rocks, consisting of gneiss,

'schlst, erystallins limestdné, and altéred granitic rocks,

Mesozoic~Jurassic granitic rocks, Cenozoic- ~Tertiary flysch
and Quaternary de9051t5 mainly consxstlng of terrace

'dep051ts, talus and river-bed deposxts dlstrlbuted as. shown

in Figure 7-4, Detailed distributions are described below.

In thlS report the geologlcal age of metamorphlc rocks is
Paleozoic-Precambrian. according: to . the exlst;ng DSl

geological report (see Table: 7- 1) althbﬁgh there is the

other publication which says that the age of these rocks

are newer than Precambirian.

. On both banks at the downstream part of’ the reserv01r there

ar c.granitic - rocks of the Mesozoic Jura55lc Period
dlStrlbutEd where the dam, waterway, and ‘powerhouse are to
be 1ocated These granitic rocks consist of coarse-grained

~granodior1te and altered . granbdiorite, and schistose

qtructures of strlkes N~-S5 to NW- SE and dlps 50° .to 70°E-NE
or strikes EW to NW-SE and dips 10° ‘to 70°S SW are seen in
parts. D;abase several tens of cent;meters in width hav1ng
strikes E-W to NW-SE and dips 40°-90°S to SW is locally
intruded. into the altered granodiorite. Preddminant joints
are in the three directions of N50° We0° NE, N30° E65° NW,
and NS50°W.

On both banks at the midstream part of the reservoir there

~are distributed Paleozoic-Precambrian metamorphic . rocks

consisting of g¢gneiss, schist, crystalllyed llmestone, and
altered granitic rocks. The - schist contacts the
prev1ously—mentnoned Mesozoic-Jurassic granitic rocks and
Paleczolc-Precambrian altered _ granltxc . rocks in
unconformity at the NE-SW geological boundary, -and is
distributed in the = NE-SW direction in:.a width of
approximately 1 km. This schist exists intermixed with
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gneiss and altered granitic rocks in paits with the
direction of predominant schistosity having a strike of NE-
SW and dip of NW 30°-50°.

Altered . granitic . rocks are of three kinds: )] that
distributed in the NE-SW direction with a__width - of
approximately 2 km and contacting schist and gneiSS in
- unconformity, @ that diStributed in gneiss in block form,
6 that distributed in the NE-SW direction. with a width of
approximately 1 km at the left bank coﬁtactiﬂg Cenozoic-
Tertiary flyseh at a thrust féult of strike NE-SW and dip
in the NW direction with apparent dip of 20° as the
geoiogical boundary, and COntécting gneiss in uncdhiormity _
_at .a NE-SW geoldgiéal boundarj._ These altered granitic
rocks are intermixed with_schist and gneiss at parts, and
some ~parts have C6arse gfained mineral compoéitions.
-Schlstose structures with strikes N-S to NE-SW and dips
:30°~70° in the E to NW directions are seen 1oca+ly

Gneiss contacts altered granitic rocks on both sides at NE-
SW geological boundaries and is distributed in the NE-SW
direction with a width of approximately 2 km, a portion of
- the southeast_part contacting Cenozoic-Tertiary flysch at
"da thrust fault of strike NE-SW and apparently dip of 20° in
the NW. direction. This gnelss is often intermixed with
schist,-altéred Qtanltlc rocks, and limestone. Schxstose
structures of strikes N-S to NE-SW and dips 30°-70° to SE

are seen at parts.

Crystallized limestone is not distributed over a wide area
and is found in block form in the abovementioned gneiss,
and indicate the form of olistoliths in an olistostrome.

On both -banks at the upstream most part of the reservoir,
flysch of the Cenozoic Tertiary Period is distributed in a
W1dth of. apprOXLmately 1 km contacting Mesozoic- Cretaceous
11mestone ‘in unconformity at a NE-SW geologlcal boundary
and altered granitic rocks and gneiss at a thrust fault
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c)

- baving a strike of NE-SW and apparently dip of 20° in the

NW direction as the geological boundary. The strike and
dip of this flysch are mainly NE-SW, 30°NW. |

‘Terrace déposits are composed of gravel, sand, and silt and

are located in spots at both banks. The~pre$ent river-bed
deposits are mainly of gravel and medium- to coarse-

particle sand, and are located in large scale at only three

places at the midstream to upstream'part of the reservoir.
Talus deposits are distributed in small scale at places

below the design high water level.

Ekcept fér thé thrust fault at ﬁhe upstreammost part of the
reservoir of strike NE-SW and apparent dip of 20° in the NW
direction, there are no'promineht_faults in the reservoir
and_sﬁrrdundihgs( 'ACcording to -aero-photo interpretation
there are 1inééments“'in the  north-south direction,
northwest-southeast direction, - and northeast-southwest
direction, but none is continuous in great length, and
nothing has been confirmed as a fault in surface

reconnaissances.

Regarding landslides, old and small-scale ones are seen at
the gentle slope of the Cenozoic-Tertiary  flysch
distfibution zone on both banks at'thetuPStreammosh'part of
the reservoir, but all are located at places higher up than

the high-water elevation.
Engineering Geology
i} Wétértightness

All of the Paleozoic—Precambriah.metamorphic consisting
of rocks gneiss, schist, and altered graﬁitic*rqdks,
Mesozoic—JurasSix:granitic roéks,enuiCenozoic—Tertiary
flysch comprising the'surroundings of .the reservoir are
unsoluble rocks. On the other hand, distribution of
Paleozoic-Precambrian crystalline limestone which may
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ii)

be permeable is seen in the reservoir area. This
limestone indicates karst properfies, but this is not
distributed over a wide area, énd is found as blocks
surrounded by gneiss and is in the form of olistoliths
in an olistostrome, so that the continuity of limestone

is found to be not so distinct. Therefore, it may be
‘considered that there will be hardly any possibility of

water in the reservoir belng leaked to other river

basins. Topographlcally, there are no features such a

scraggy ridges  and saddles cauSLng concern about

leakage to other river basins with the exceptlon of the
ridge at the bank on the right side of the dam. On

- overall _consideration of the ~above investigation

‘_results; the rugged topography around the reservoir,

and the condition of water flow in gullies, it is
judged that there will be mno problem about water-
tightnéss of this reservoir. '

Stability of Slopes

Large-scale landslides and collapses are not seen in
the reservoir area or at surrounding slopes_cf the
reservoir, and problems of stability of the reservoir

rim and sudden large-quantity introduction of sediment

into the reservoir are not noticed.

The 61d landslide topographles seen at the gentle slope
around the upstreammost part of: the reserv01r are of
small Hcale and located at places above the reservoir
high water level. Therefore, ﬁhey are judged not to be
what would harm the stability of the reservoir.

Further, talus deposits distributed are of small scale,

and are considered not to be detrimental to stability

of the surrounding slopes of the reservoir.
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(2)

a).

Dam

1)

‘Dam Site (Master Plan Site) .

Topography

The dam site, as shown in Figures 7-5, 7-6, and 7~7, is
located where the Devrek River repeatedly makes large

‘bands, and the dam axis is at the tip of a ridge

protruding out from the right-bank side to the left-

'bank side (north to. SOuth) where the flow channel turns

- west. The high-water level of the reservoir is planned

_at an elevation of 437 m and the rlver bed elevation in

: the v101n1ty of the dam axis is approx1mately 350 m.

The . shape of the valley at’ the dam SLte,‘as”shown in
Figure 7-7, is a U with the top opened up, and the

:valley widths at the hlghwwater level and the river bed .

are approxxmately 500 m and approximately 50-m,

respectively.

The ridge at the right-bank side of the dam site has a
saddle'(elevatiqn approximately 450 mj.part way which
governs the .upper limit of the reservoir. The
diversion tunnel} as. shown iﬁ.Figures 7-5 and 7-8, is
planned at approximately EL. 340 m of this right-bank
ridge. The spillway, as shqwn in Figure 7-6 and 7-10,
is also planned at the rightebank side taking advanﬁage
of the saddie, and is to be an open channel. The flip

" pucket portion of the spillway and the opposite bank

slope indicate terrace topographies.

The dam site, except for small collapses due to minor
faults and jointing 1mmedzately upstream of . the left-
bank abutment, indicates a stable topography at both
the slopes on both banks and the right-bank side ridge.
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ii) Geology

' he basement rock at the dam site, as shown in Figure
7-5, comprises granitic rocks of the Mesozoic Jurassic
Period and diabase intruded in them at parts. Fresh
bedrock -is hard and dense. Thesé granitic rocks,
accordiﬁg'to resulﬁs‘ofundCrOSCbpic examinations of
thin-sectiqhs of rock, cdnSist of.a granodicrite having
a holocrystalline composition, but color minerals have
been replacéd by biotite, chlorife, epidote, sericite,
etc. on being subjected to alteration. These are shown
subdivided into the three levels of strong alteration,

- medium alteration, and weak alteration according to the
degree of the alteration action in the boring and
‘geologic profiles shown in Figures 7-6 to 7-1l1.

. Further, according to the grain sizes of the
constituent minerals, those of about 4 mm and larger
grain'_size' ére différéntiatéd as coarse-grained
granbdiorite. The degree of alteration of coarse-
graiﬁed granodiorite is comparatively small around the

dam site»

L Thefﬁrojecfed sites of the dam, spillway, and diversion
tunnel are in the area of distribution of a dark

. greenish-gray granodiorite having a large -amount of
medium-grained to fine-grained color minerals.
-According..to ‘surface _reconnaissanées, there were
schistose strﬁctures of strike E-W to NW-SE and dip
20°~60°S to SW in parts of the grahodiorite subjected
to alteration action. The strike and dip of this are
£ in harmoﬁy with strongly altered zone and moderately
‘zone estimated from boring at the dam site. Hair
cracks are developed parallel .to -this schistose
structure in the granodiorite strongly subjected to
this .alteration. . According to the results of
unconfined compression tests, the test pieces were
often fractured along these haii- cracks. Diabase

partially intruded into the granodiorite.
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'The 1ntrus;on planes of_‘diabase generally Cross
dlagonally with the dam axis and have gtrikes and dips
'Eof E-W to NW-Se 50°-90°8  t6 SW 1ncllned toward the
downstream side. . The 1ntru51gns are of widths mostly
from several tens of centimeters to several meters and
are distributed to the same. degree at’ both the right
and ‘left banks. Deterloratlon of ‘the bedlock is not
seen ‘and both the diabase and the surroundlng granitic
rocks are sound. '

Largelscalé faults continuous over greét lengths and

- accompanied by wide ffactured zones do not exist. Only
three small-scale faults of fractured widths 10 to
20 cm have been confirmed in  surface explorations.
Their strikes and dips are NS40°W, N35° W56°SW, and
N75° WS3°SW. Joints are developed in general at
'spaCLngs of 10 to 40 cm, and those of strikes and dips
"in three directions, N50° W60° NE and N10° 245° E
.tendlng to strike to the rlght abutment of the dam and
N60° W50° "8W tending to strike to- the left abutment are
predomlnant In boring investigations, fractured zZONes
of section 1lengths not more than 2 m with mainly
showing alterations of strong or medium degree have
been confirmed near depths of 52 m and 65 m in SK-5, a
depth of 64 m in 8K -6, a depth of. 28 m-in SK-7, 28 m.in
TSK-2, 22 m and 30 m in TSK 3, 22 m and 24 m in TSK-4
and 14 m in DSK-1, but ‘none indicating a large—scale
‘fault accompanied by a wide fractured zone has been
confirmed. 1In boring investigations there were many of
small angles of 20° to 60°.along hair cracks associated
with alteration seen. This may be pointed out to be
the possibility of fracturing along hair cracks during
drilling. '

Rock surfaces are often found to be weathered and

discolored to brown near the ground surface. According
to boring investigations, weathered discoloration along
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fissures are prominent to depths of 10 to 30 m at the

projected dam site.

- As-  surface de?osits, topsoil . is distributed in
thicknesses of Several ‘meters on both banks, and
terrace-deposits of_appreximately_lo m are distributed
at the ground surface of the projected diversion tunnel
site, with these consisting of round gravels of 10 cm

diameter, sand, and silt.

The thickness of river-bed dep051ts, accordlng to the
results of drlllholea performed at.three locations, is
approx1mately 15 m. River-bed deposits are mainly of

gravels of diameters 1 to 6 cm, sand, and silt.

Talus deposits are distributed only in small scale at

bases of slopes.
iii) Hydro geology
1. Groundwater Level

The final water levels in the boreholes drilled
at the ‘dam site and right-bank side ridge are
shown . in Figures 7-7 to -12. The groundwaterxr
level at the riverubed portion is at the same
elevation' as the river-bed water level of
approximately 340 m. ‘The groundwater levels at
beth'banks of the dam site, although gently, rise
in accdrdange with the topography, and are at
approximately 7 to 26 m from the ground surface.
The- groundwater levels at both slopes of the
right-bank side ridge, although gently, rise in
faccordance with the topography,"and -are at
_approx1mately 5 to 20 m from the ground surface.

These depths are-in step Wlth the depths from the
-ground surface of weaeherlng and with depths of
bedrcck deterloratlon, and there are no boreholes
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which especially indicate'abnOrﬁal'Conditions of
the ground water levels. Abnormalities were not
seen - in groundwater levels during drilling
either. The deepest groundwater level at the
slope-of the projected dam site was at a depth of
26 m in Drillhole SK-2 at the left bank and 19 m
‘in Drillhole TSK-3 at the right bank. Elevations
“of groundwater levels at the core portidn'of the
right-bank side ridge‘Wéré'approximately 438 m at
DSK~1 and approximately 420 m at TSK-3.

Permeability

Lugeon tests using drll]holes were carried out at
the dam site on a total of 14 holes, 441 stages,'
and a length of 883 m as shown in Figures 7-7 to
-12 and Appendix A-3-3. Thése tests_.were
performed with the foundation rock, excluding
surface layer deposits and river-bed deposits, as
"the obiect, and testing intervals were made 2 m.

The results of Lugeon tests were'analyZed by the
method below.

The test result Lugeon values (Lu) were the
amount of injection (unit ¢/m/min/10 kgf/cm?) in
the pressure of 10 kgf/cm?.

Therefore, when injection pressure could not be
raised to 10 kgf/cm®* for some reason, values

converted by the equation below were used.

Ly = ..:.l.'..g_.g.

PL
where, Q: lnjectlon quantity (Q/mln)

L: length of test section (m)
P: injection pressure (kgf/cm?)
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From these resulis the permeability of the dam

site may be summarized as follows:
-+ Dam, Left Abutment

The bedrock'poftion, except for 3 sections (LU'=
3 to 5) ‘in the vicinity of 60 m depth in
Drillhole SK-2, was of low permeability over
entire lengths with Lu = 0.to 3 according'to
results of Lugeon tests at Drillholes SK-1 and
SK-2..

~» River-bed Portion

According to results of Lugeon tests 'at
prillholes SK-3, -7, and -8, a slightly high
permeability of ‘Lu = 3 to 5 was indicated to a
.fdépth of approximatély 20 m from the surface of
the basement rock, but permeability was low
deeper'down with Lu at 0 to 3.

« Dam, Right Abutment

-According ‘to results of ILugeon tests at
prillholes SK-4, -5, and 6, TSK-3, and DSK-1,
sections indicating high permeabilities of Lu 2
3 to 10 wéré from the ground surface to around 10
to 30 m in dépfh.ﬁDeepef.than depths of 10 to 30
‘m, low permeabilities' of Lmu = 0 to 3 were

indicated at all sections.
"« Spillway

In Lugeon tests on Drillholes DSK-1 and -2,
perméability ‘coefficients were determined for
sections:of 30 m from the ground surfécé, and at
- midheight of the slope, high permeabilities of Lu
> 3 to 10 were indicated to around depths of 10
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