b}

alteration present a light yellowish brown

:to grayish white . color and have become

brittle. A typicai:outcrOp of such strong
hydrbthermal aitération may be seen at the
upstream part of a gully at the right bank
downstream of the dam. - The hydrothermal

alterations along joints and minor faults

~are also bbserved on the'road_at'the left

bank of the dam, but strong hydrothermal

alteration is seen at. more than. 400 m

downstream from the dam axis and the degree
of hydrothermal alteration at the dam site

is low.

Rhyolite shows a light greenish gray to a
iight reddish gray color aﬁd is intruded
into the volcanic breccias. The rhyolite is
a hard rock, and intrusive planes are

generally tight.
Faults and Joints

Large- ébale “faults of ‘great  length

accompanied by wide sheared zones are nbt

distributed in the surroundings of the

damsite. Faults seen at the damsite have

sheared widths of 10 to 40 cm, and strike N-
S, dip 60-80°E, roughly parallel to the dam

axis. They are chiefly distributed at the

left bank of the dam." ~ These - faﬁlts

generally have not brdminent'fahlt clay or | .-

fault breccia, but faults stroﬂgly}subjeétéd_'
t.o hydrothermal alteration seen 400'to 500 m

downstream of the dam axis are accompanied -

by embrittled and clayey parts.
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‘f(b)_

c)

Joints are developed at intexrvals of 20 to
50 cm at both banks. OFf these joints, the

~ones, which strike NE-SW dip 75° to 85°SE,

are most promihent,_and these are followed
by joints which strike NW-SE and dip almost
vertical.

Weathering and Alteration

The  surfaces . of bed rock are mostly
weathered and discolored brown near the

ground = surface. Cracky and strongly

"weathered zone is. 3 to 5 m from the ground
‘surface - at Dboth banks. Weathering
‘discoloration along cracks may be seen from

the ground surface to a depth of
approximately 50 m at the left abutment and
to 70 to 90 m at the right abutment.

The dam ‘foundation rock has been silghtly“'
sub3ected to hydrothermal alteration as a
whole, and has chlorite and epidote  as
altered minerals, but strength of the rock
has not been lowered, and it ‘is hard on the

. whole. ' Pyrite formed by hydrothermal

'ﬁlteration is often seen along crack planes.

Surface Deposits

e

~ Alluvial Fan Deposits

‘Alluvial fan deposits are distributed at the
‘mouth -of ‘a gully at the right bank
immediately' downstream of  the dam, and

consist of gravel, sand, and silt.
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(c).

b) River Deposits

 The thickness of river deposits is 60 m at
maximum according to three drillholes bored
at the river bed. River deposits are malnly
composed of gravels of 5 to 10 cm diameter

and: coarse-grained sand.

Standard penetratioﬁ tests are performed at
30 points in Drillhole Ni-109 and at 4

- points in Drillhole NiAﬂloa_évery 1.5 m in
depth. According to the results, N = 14 to
19 are indicated at five points in Ni-109,
but these small N-Value points are scattered
and all the others are N = 20 to 50.

c) . Talus Deposits
Talus deposits are distributed only in small

scale at the foots of the slopes at both
banks.

Ground Water

_Thé_final water levels in driliholes bdked at £he

‘dam site are as shown in Fig. 7-9. The grouﬁd—.-

water levels are low on the whole at both banks,
put rise going from the river bed toward the
mountain sides even though sllghtly ©  The
groundwater level in the left bank rises about
11 m at the point approxlmately 100 m to the
mountain side from the rlver, and that in the
right bank ‘rises . about jd m at’ the= po;nt
approxxmately 150 m to~ the mountain s;de from the

river.
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(d)

Permeability

Lugeon tests utilizing drillholes at the dam site
are carried out on a total of 7 holes, amounting
to 317 stages and a length of 634 m. These tests

‘are carried out in the foundation rock excluding

surface deposits and river deposits with stages
at 2 m intervals.

The results of Lugeon tests are analyzed by the

-:method below.

The Lugeon values (Lu) which are the resilts of
tésts are all quantities injected  (unit
¢/m/min/10 kgf/cm?) at injection pressure of 10
kgf/cm?,. '

 Therefore, with regard to a case where 'the

'1nject10n pressure can not be raised to 10

kgg/cm? for some reason, a value converted by the

following equation is used:

g = 220
' T p.L
‘where,  Q: quantity injected (0/min)
. L: length of test section (m)
. p: injection’ pressure (kgf/cm?)

The reSults df‘Lugébﬁ"ﬁééts‘afe shown in Fig. 7-

9. According to the results, permeabllltles at

: the dam 51te are summarized as follows:

. Lef;-Bank bf:Dam7
At the lower part of the slope, permeablllty

T is low to a depth of 52 m, with Lu = 0.5 to 4

1nd1cated except for the surface portlon where
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3)

tests are not carried out. On the other hand,
~at deeper than 52 m, there are scattered
places where permeability is high, with Lu = 4
to 50. :

From the middle part. of the slope and above,

. permeability is high to around a depth of 30 m
from the ground surface with Im = 10: to 30
indicated, but deeper than 30 m, although
there are parts of Lm = 20 to 30 at places,
most parts indicate Im = 0 to 3.

» River Bed

Although a slightly high permeablllty of Lu =
6 to 30 is indicated from the surface of the
basement rock to a depth of approxlmately 10
m, permeablllty is low with Lu of 0 to 3 at
deeper than this. ' '

« Right Bank of Dam

The portion indicating high permeability of Lu
> 20 to 30 is at " a depth from the ground
surxface of axound 30 to 35 m, Deeper than 30
to 35 m, permeability is generally low;'aﬁd
although Lu = 5 to 10 is'ihdicated at . parts.
and Lu > 20 is indicated at sectlons of depths _
100 to 118 m and 128" to 138 m of Drlllhole SGM__.
102, most parts are Lu = 0 to 4,

Geological Engineering Assessménts
Judging by the geological conditions of the'gréﬁnd-'
surfacé and the resﬁlts ~of  drilling ‘includihg-

permeablllty . tests, ;the’ follow;ng geologica13
engineering assessments may be made of the damsxte.
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The volcanic'breccia, tuff breccia, tuff, and

rhyolite  have ‘been' slightly subjected to

hydrothermal alteration on the whole, but the
strengths of the rocks have not been lowered, and

the rocks are hard as a whole. Therefore, it is

judged that these rocks possess ample bearlng

' ,capacmty as the foundation for the fill dam- of

175 m helght presently planned except for cracky
and strongly weathered zone near the ground

‘surface. ThlS cracky and strongly weathered zone

| jls from the ground surface to 3 to 5 m at both

: (b)

"rlght and left banks.’

As discontinuous planes in the foundation rock,

‘there are faults, joints, and intrusive planes of

rhyolite. f ‘As - preV1ously mentioned, faults

'conflrmed at the damsite are all of small scale

and less contlnulty, and promlnent fault clay and

=fault bre001a are not contalned

‘Joints are compératively well developed and

weathering dlscoloratlon along joints is seen to
a depth of 50 m. from the ground surface at the

"g left bank and to depths of 70 to 90 m at the

rlght bank.

_Aéeording to the fés@itS‘of Lugeon tests, at the
“léftHﬁank‘bf the 'dam, it is Lu = 10 to 30 from

the ground surfacé to arxound a depth of 30 m at

.the middle and hlgher' part of the slope, and
o 4 to ‘50 at’ deeper than 52 m at the lower
' part of the slope “for a “high permeablllty, but
””elsewhere,'lt is Lu =_0 to 4 for low permeability

‘except in’ part SR B '

On the other hand, at the right bank of the dam,

'E*the sectlon from the ground surface to a depth of
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“around 30 to 35 m has high permeability of Lm 2
20 to 30, but deeper than this, the permeability
isg a low Lu = 0 to 4 except in part.

The bedrock at this site consists of hard
volcanic breccias, and ‘there is no water
permeating ﬁhrough between mineral grains of the
‘rock, and permeability is governed by the

'previonsly mentioned discontinuities such as .
joints. Consequently, it is thought ample water
éut—off treatment can be provided, includihg
sections of high:permaability seen at parts, by
the generally used type ceﬁent grdﬁting.

(d) A_paft'of the foundation for the rock zones of

,the dam w1ll con51sts of a river deposit
approx1mately 60 m thick. This river deposit is'
composed. chlefly of gravel aﬁd:coarse grained
.sand. —values in standard penetratlon tests are
= 20 to 50 at the greater part, lndlcatlng that
the constltuent material is well consclidated.

(3) Tailrace Tunnel

1)

Topography

The tailrace tunnel extends in a dlrectlon to the east
from the damsite roughly parallel to the Oitu river,
and the total length is approxxmately 9,300 m.

_Sihce the tailtéce'tunnel passes near the foot of the
'mountaln SLtuated at the south Slde of the Oltu Rlver,

the earth cover. for the tunnel 1s comparatlvely thln,"
belng'l30 to 500 m at the upstream part 80 to 20 m at

the midstream part, and 70 to 400 m at the downstream'5' 

part.
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2). .

Of gullies crossing the tunnel route, there are two at
the :upStream part of the tunnel and ‘two at the

- downstream part -seen. which are prominent, and of

thésé, the Anzav Valley located at the downstream paft
of the tunnel is the largest.

Geoidgy

As 'shown in Fig. 7~10, the Ayvali Volcanic Rocks and

‘the Pligey Formation are distributed around the

tailrace tunnel route. - The Ayvala Volcanic Rocks

- comprise acidic and basic “lava, rhyolite, tuff, and

volcanic breccia and are distributed widely from the

'_upstream'td'midstream'part of the tailrace tunnel.

These rocks are all hard excepting embrlttled parts

'Lesultlng from the hydrothermal ‘alteration.

Hydrothermal alteratlon parts have been. confirmed at

'gullles-at the left bank downstream of.Ayvall pam, and

at the Bulanik valley.

The_Pﬁgey Formation consists of hard limestone and
marl: is distributed at the downstream part of the

‘tailrace tunnel. . This formation has an axis of
‘syncline 'in the VlClnlty of the Anzav Valley, ‘and
"strike 'N-§ dip 40-80°E or W, crossing more ‘or less

perpendlcularly with the tunnel route.

The ' Piigey Formation -and - the Ayvali Volcanic Rocks

contact'each'otherlby-a fault, which strike N-S dip

_. 70°E approx1mately 1 km- upstream of the Anzav Valley.

 GA1though the width of the sheared zone of this fault

" is not Llearly known, it has embrittled parts caused
'fby hydrothermal alteratlon along the fault as seen at
'the ‘Bulanik valley '

5Although promlnent faults crossxng the Uallrace tunnel
Eroute other than the abovementloned fault comprising
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_3)

the boundary between the riigey Formation and Ayvali

volcanic Rocks have not been  confirmed, there are

several liheaments.interpreted-tix‘eiist diagonally .

_intersecting the tunnel at angles of 40 to 50 deg in.

aerial phOtos.

Several small scale landslides are dlstrlhuted around
the tailrace tunnel route, but these ‘are not located
at places where earth covers of the tunnel are thin or

in the neighborhoods of the, tunnel portals.

‘Geological Engineering Assessments

Judglng by the geologlcal condltlons of the ground

'surface, the results of aerial photo 1nterpretat10ns,
" the results of exploratory. drillings and the results
of seismic prospectings, the follow1ng geologlcal

englneerlng assessments can be ‘made - regarding the

tailrace tunnel route.

(a)' The acidic and basic lava, rhyolité[”tuff and
volcanic breccia of the Ayvalli Volcanic Rocks,

and the alternation of limestone and marl of the
Piigey Formation. are__all ‘hard rocks, and aré
considered not to hinder excavation of the

~ tunnel.

(b) A consplcuous fault crossing the. tallrace tunnel__ _

route is the one comprLSLng the boundary betweean

the" Pugey Formation and Ayvall Volcanlc Rocks. -

An embrittled part —caused : - by hydrothermal

alteration is c0nfirmed_along.thls:fault at the
 Bulanik valley, and there is a possibili£y that
such an embrittled part will be found along ‘the
'fault at tha tunnel route also. However, s;ncef

thig fault crosses. the tunnel route' almost‘.'

perpendlcularly, and also dlps steeply,:even in
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the event there are such embrittled parts, the

‘tunnel can cut through with -the shortest:

distance. Accordingly, this fault is not thought

 to make tunnel excavation difficult over a great

.:(c)

NI

7 route are considered to be as’ descrlbed below.

length.

The tailrace tunnel passes the comparatively

‘large Anzav Valley at its downstream part. - The
‘depth from the ground surface to the projected
tunnel location at this point is approximately

70 w. At this Anzav Valley,’ Drillhole SL-112 is
bored and seismic prospecting is carried out on
three traverSes_in'order to confirm the'depth_of

 the bedrock. ACcording to the results of
Drillhole SL-112 and seismic prospectings, the
“thickness of river deposits of the Anzav Valley

elong”thié tunnel route is 36 to 40 m, and the
thickness of bedrock above the tunnel location is
from 30 to 34 m. ‘The bedrock around the tunnel_
route con31sts of alternations of hard llmestone
and - marl, S0 it 15 judged that there wxll be no

geological problem in tunnel excavation under the

Anzav Valley.

“The groundwater conditions at the tailrace tunnel

In the Ayvalua Volcanlc Rocks dlstrlbutlon area,

the 'r;sxng of " the groundwater level from the
‘river to the ‘mountain s;de is very’ gradual as

seen ‘at ‘the damsite. And from”the'resuits of

' Lugeon tests carrled, out at the damsite, the
5permeablllty is generally very low at the part
deeper than 30 to 35 m at the slopes and deeper
_than 10 to 15 m at the river bed. As mentioned

above, the groundwater level is generally low

C _along the tallrace tunnel and the tunnel will

‘pass the rock mass of low permeability.
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Therefore, it 1s estimated that there will not be
very much springing of water inside the tumnel.

- On the -other hand, at areas of'Pﬁgey'Formation;
it is thought the groundwater level is high in
general as seen frdm the'abundaﬁt'flow of water
in the Anzav Valley ~ However, there are no
promlnent solution cav1tles in the alternations -
of . marl and - limestone of the Bugey_Format;on,

 while joints .are not develbped' very _m&ch.

- ACC6rding-t0 the réSu;ts'of Lugeone tests carried
out at the Sakartepe Damsite, which was planned
in the Pugey tormatlon area, permeablllty is low
Lu < 5 at the part deeper than 20 to 40 m at the
-slopes of both banks and deeper than 10 m at the”
_river bed. ' Therefore it is thought there Wlll
not  be large amounts of water springing lnSlde
~the tunnel.

(4) Powerhouse

1)

Topography

The powefhousé ié'planned as an underground type at
the left bank immediately downstream of the Ayvall_'

‘dam.

The underground-Powerhouse_wouid'Ee lqcated'in“a.ridge'”

extéﬁding in a éoutheast—nérthwest direction at the

left bank of the dam, and the.depth from the ground

surface to the powerhouse would be 350:to 500 m.
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3)

Geology

Tuff breccia, volcanic breccia, and rhyolite of the
Ayvali . Volcanic Rocks are distributed in ~ the
surroundings of the powerhouse site.

These rocks, as described in 7.3 (2), "Geology of Dam
Site," are slightly subjected-:to~ hydrothermal
alteration as a whole, but almost no deterioration of
lighclogicalzcharacters has occurred and the rocks are

hard.

No iprominent fault has:. been 'confifmed at the
surroundings of the powerhouse site. Joints, which
strike NE-SW. dip 75-85° SE, are most prominent

'wsimilafly to the dam site, following which there are

joints of strike NW-SE which are almost vertical.

'Géelqgical'EngineeriﬂgcAsSessments

S Judging by“the'geologiéal condition of groundsurface

and the results of Drillhole SL-103 made in the

.VL01n1ty of the powerhouse 51te, the geological

engineering assessments beélow can be made on the

_powerhouse siter -

o+ Prominent faults are not distributed in the

.surroundings of the powerhouse site.

. According to the results of Drillhole §L-103
~{drillhole mouth elevation 997 .m, hole length
185:m), ‘rock mass from the ground surface to a depth
Cof 35" m consxsts of rhyollte' with weatherlng
fdlscoloratlon along cracks, but rock_mass_deeper-
than 55 m consists of hard volcanic breccia iﬁ'which‘
there is hardly any weaLherlng seen along cracks.
: There are few cracks at deep parts, and Lhe average

7 - 61



RQD from the ground surface to a depth of 90 m is
approximately 42%, whereas from 90 to 185 m, the
average RQD is approximately 61%.

The undergrOund_p0we£hbuse would be located more
than 100 m farther: do@h than the hole~bottom
elevation of 812 m-of Drillhole SL-103, and the
condition of the surroundiﬁg rock is estimated to be

the same as the above or .even better.

Considered from such a condition of thé_bedrock, it
is judged that there is no great geclogical problem
which would make _construc#ion ~of an underground

powerhouse difficult at this site.

Aécordiﬁg to the results of Lugeon tests carried out
at Drillhouse SLf103, pérmeability is high at Lu >
20 from the ground surface to the vicinity'bf a
depth of 25 m. However, from 25 m to 0 m in depth;
most partszare.Lu = {0 to 4,_witﬁ'parts which are Lu
> 10 to 20, while deeper than 90 m, permeability is
very low at Lu' = 0 to 3. Cbnsequently, permeability
of'surrounding rocks of the underground_powerhouse
is assumed to. be véry low. Thérefore, it is thought |
the amount of ground water which would spring inside
the underground cavern would be small.

At the underground pbwerhbusé- Site, only  one
drlllhole, SL-103 of length 185 m, has been bored

Therefore, - it = is . neceqsary for drllllngi-

1nvestlgatlons and exploratory adlt lnvestlgatlons;
to be carried out before startlng the final de51gn
~to make clear the bedrock condltlons permeablllty,
'and hydrogeologlcal condltlons around the elevatlon
of ‘the powerhouse.
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7.4

7.4.1

(1)

Materials.
Impervious Core Materials
Impervious Core Materials for the 0lur Dam

Theltotal'quantity'of impervious core material to beé used
for the rockfill dam is approximately 600 x 10° nd.

As a resulﬁ'of‘inveStigations carried out by EIE and the

JICA SurVey"Team, the borrow area around the Kaledibi-
village appro:umately 3.0 km upstream from the damsite

-(left bank) was selected as the first candidate site, and

the borrow_area at Yolboyu village further 11 km upstream

(right bank) as the second candidate site.

‘The‘bofrew area at Kaledibi selected as the first candidate

site is very. c]ose to the’ damsite, has a. large area from_
which - borrowmng can . be done, while there is a ‘large
quantlty available for collection, and this is ﬁﬁe nost
prOmiSingﬁ“borrow area from the point of view of.
conétruCtion 'cqst.'. But ;according' to  the  results of
laboratory tests, 'since it is judged not to be favorable

'necessarlly ~in the -aspeet -ofe permeability, further

'1nvestlgatlons will be requlred

.The reSults of laboratory‘tests on material from the borrow
area at Yolboyu selected as the second candidate site are
‘Lgood, but because the transportatlon dlstance will be too

long, thlS is not necessarily favorable from the viewpoint

of construction cost.

The candldate site for 1mperv1ous core materlal at Kaledlbl
is" located at the alluv1al fan spread out at the mouth of

‘a gully feeding the: Oltu River. ThlS alluvial fan depOSlt

is malnly composed of gravels of Ayvall Volcanlc Rocks
several to several. tens of centlmeters in. dlameter, sand,
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silt, and clay. According to visual inspection at the’
site, the content of 3-inch-plus gravels is very high at
20% to 45%. ' :

The candidate site for iﬁpervious core material at'Ylebyu
is located at an old landslide area in the Oltu Formation.
This landslide deposit consists mainly of sand, silt, and
clay originating from mudstone, marl, and sandstone of the
Oltu Formation, and also contains gravels several to
several tens of centimeters in diameter. “'Acco:ding_to
. visual inspection at the site, the content of 3—inchéplﬁs
gravels is 10% to .15% and very low compared with. that at
Kaledibi. - '

| The quantity available for collection at the Kaledibi
borrow area which is the first candidate site is estimated
- at.more1than 2.0 x 108 m?,gwhile‘the fdlboyu borfow area
which is the second candidate site is also vast, and
collection of more than 2.0 x 10° m® is amply feasible.

The pits listed in Table 7-3 (bf were excavated with the
abovementioned two candidate sites as_thé.objects. The
locations of the pits_are shown in Fig.-?—llfand'7—12, ‘"The
samples collected were tested at the laboratories of EIE
and DSI. ' L '

1)}  Laboratory Test Items and Quantities

The laboratory test items and quantities are as giveﬁ
in Table 7-4. el
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Table 7-4 ltems and Quantities of Test of Olur Project

: ' Quantities ‘
. Items : : . Remarks
I ' Kaledibi Yalboyu

‘Séecific Gravity

Molsture Content

Grain Size Analyeis

Liquid Limit. and Plastlc Limlt
Compaptlpn

permeability

Direct Shear

“Absorption

4

W W ®
B I -

2) 

The depths of the individual pits at the soil borrow

- areas of Kaledibi and Yolboyu and the classifications
- of the soil materials are given in Appendix.

Té$t Results

The results of tests on impervious core materials are
~given. in Table 7- 5, Pig. 7-13 and 7-14. - Summaries of
the test results are glven below for the Kaledlbl and

Yolboyu 1mperv10us core matorlals.

Spec1f1c graVLtles are 2.66 to 2. 71 for Kaledlbl

31mperVLous core materials and 2.61 to 2.68 for

Yolboyu_1mperv1ous core materlals, almost the same
for. the twd.

fRegardlng ~unified soils -classification. system
'(ASTM D 2487), the soxl.materlal of Kaledibi- belongs
£o clayey gravel IGC) ‘and  the soil material of

- Yolboyu to clayey sand (8C) or inorganic clay (CH)

-according to;gradation tests and Atterberg tests.

- Optimum water contents obtained by compaction tests

5_were;fgom'8 8%'td-11-5%'for Kaledibi impervious core

. material, .and the -maximum dry densxtles were

1!997t/m3 to 2. 12 t/m . .—Regardlng differences

7. 73 .



between natural water contents and optlmum water
contents,'natural water contents were on the wet
side with the exception of MK-1, and the dlfferences
were from 0.2% to 4.2%. -The optimum water eontents |
of YolboYu_imperﬁious core material were 1150%_to.
16.7% with maximum dry densities 1.76 t/m to
2.07 t/m*. The dlfferences between naturai“Water
contents and optlmum water contents were from 3% to
8.7%, with natural water contents being higher.

Direct shear box tests were performed unconflned and
undralned and © cohesion and angle of internal
frlctlon were respectlvely 25 kN/m to 38 kN/n? and
31° to 36°% for Kaledlbl lMpQIVlOHS core materlal,
and 13 kN/m’ and 18 deg for Yolboyu impervious core

material.

‘With respect to grain-size distribution,'thejnaximum
size of KalEdlbl 1mperv1ous core matertal was 70 mm
‘since blocks had ‘been removed, with the quantltles
of 19.1 mm and under belng from 72% to 84%, 4.75 mm
and under from 40% to ‘56%, 0. 075 mm and under from
12% to 30%, and 0.005 mm and under 6% to 14%. With’
Yoleyu soil materlals, the maximum S1ze was 38 mm,
with the quantltles of 19.1 mm and under from 94% to
99%, 4.75 mm and under from 75% to 82% 0.075 mm and
under from 25% to 58%, and 0.005 mm and under from
12% to 33%:

Atterberg tests were performed  to judge :the'
consisteﬁcy of the soil. The liquid limit (LL) ofe
- Kaledibi 1mperv1ous core. materlal was between 26.5%
and 32.6%, the plastic limit (PL) between 15.0% and
19.9%, and the plasticity index- (PI) between 7.8 and
15.7. For Yolhoyu lmperVLOus core materlal the
liquid limit. (LL) was between 33.6% and 54 6%
plastic llmlt (PL) between 17.9% and 25.1%, ‘and the
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3y

plasticity index between 14.7 and 29.5. The
- properties of the material from the two sites are
distinctly different due to their origins.

. Permeabilities were checked by triaxial tests using
9 samples under cbnfined and undrained conditions.
As a result, Kaledibi impervious core material had
from 4.62 x 107 em/s to 3.96 x 10° cm/s for much
scétter, and permeability was high on' the whole.
With Yolboyu impervious core material;'thére was

- only one sample, and the result was 2.67 x 107

cm/s.

Evaluation

To make assessments of the above test results, the

Kaledibi impérvious core material is a clayey grével
(GC);ECCOrding to_@he uhified-soi1s classification
systém;3Whilé Yolboyu soil material belongs to clayey
sand (SC) and to_inorgéhic clay (CH}).

Kaledibi impervious core material contains 12% to 29%

of_fine material (0.075 mm and under), and is thought
to be good from the standpoint of gradation, but the

coefficient of ‘permeability is not necessarily

suitable.

- Retesting is being done at present. On the other
"hand, - the fine material in Yolboyu impervious core

material is from 23% to 60% and more than the Kaledibi
material. The'coefficient of ‘permeability is 2.67 x

.10_'8 cm/s and also favorable.

'If as a_ result of retestlng the coeff1c1@nt of
-permeablllty lS not necessarlly IOW'enough 1t will be

necessary to conSLdar use of blendlng materials from

"Kaledlbl and Yolboyu
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" As indicated by the results of consolidation tests,
the dry density of the Kaledibi soil is sufficiently
high, while that of Yolboyu soil; although lower than
for Kaledibi, is not so low that it will be a problem
in particular. According to the results of direct
shear tests,. the angle of  internal - friction of
Kaledibi soil is sufficiently large, while as for
Yolboyu s6il, if it were to be blended with Kaledibi
so0il and used upon appropriate zoning, an adequate
safety  factor frbmﬂéi‘structural viewpoint will be

secured.

Direct shear tests"and permeability tests of Yolboyu
soil have been made only on a .single sample and
additional tests will be necessary prior to detailed

designing.

' More detailed finvestigations aﬁd testing would be
desirable for definite design and construction.

Quantity-wise, adequate materials are available af
both the borrow areas of Kaledibi and Yolboyu.
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(2)

Impervious Core Materials for the Ayvali Dam

-The total quantlty of 1mperv10us core materlal to be used
at the 1mperv10us core zone of the rockfill dam would be

approximately 1. 3 X 1ﬁ6in.

As a result of lnvestlgatlons by EIE and the JICA Survey
Team, . a candldate site for the' borrow area was selected at
the Bulanik Valley apprOXLmately 8 km downstream (rlght_
bank) "of the ddm51te, and approximately 8 km upstream of-
the dam in the Tavusker Valley which joins in at the rlght

bank, and 1nvestlgatlon tests were carried out.

These two candidate sites are falrly dlstant from the dam
at 8 km, while the borrow areas are not so large. -The

' quantltles available are also not very large, and there may

be a case where it will be necessary for blending to be
done by the stockplllng ‘method at ‘each of the candldate
SlteS or for blending to be done of material from the two
candldate sites in the v1c1n1ty of the dam to. prepare’
embankment material having the - ‘proper gréinaéize

distribution.

In designing and constructing the dam it will be necessary

to devise ways of'reducing the amount of soil materialsfto

“be used.

The Bulanik. Valley candidate soil borrow area 15 1ocated at
a fan formed along the: valley from the vicinity of where
the Bulanik Valley merges with the Oltu River.

The deposits at this fan are.composed of gravel, sand,
silt, and elay of the Pugey Formation. It'is'estimated
that 1. 8 X 1061n of 5011 can be borrowed from the Bulanlk'
Valley
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The Tavusker Valley candidate soil borrow'area-consists of
river terraces formed along the valley. approximately 6.5 km
upstream from the confluence of the Tavusker Valley and the
- 0ltu River. These rlver-bank deposits are composed of
gravel, sand, sxlt, and clay of the Pligey Formation. It is
estlmated that the amount which can be borrowed from the
area anestlgated in the Tavusker Valley will be around 0.8
x 10° m’.

The pits listed in Table 7-3(c) were excavated with the two
‘candidate sites. mentioned above as the objects. The

locations ‘are shown in Fig. 7-15 and Fig. 7-16.

‘The samples collected were tested at the laboratories of
EIE ‘and DSI.

1) Items and Quantities of Laboratory Tests

_The_items and guantities. of the laboratory tests are
‘given.in Table 7-6. '

Table 7-6 ltems and Quantities of Test of Ayvali Project

- Quantities.
Items R
S S Bulanik Tavusker

Spe01fic'Grav1ty"  : R ¥ ' 11
{ Moisture Content - . 12 . 11
Grain Size Analyszs ' 12 B N
‘Liguid Limit’ and P1astic Limit " |- 1z A 11
‘Compaction . . . . . o1 ©11
Permeability = 1 ez 11
Ditrect Shear.’ =~ - .- . - 5
"Soluble $alt Content = o - -
Absorption . 7 -

The depths of the 1nd1v1dual plts at the soil borrow
- areas of Bulanlk and Tavusker and the classifications
of the 5011 materlals are glven in Appendlx.
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2)

Test Résﬁlts

The results of tests on the: impervious materials are

given in Table 7-7. The -summaries- of the test
results, for the Bulanik soils and for the Tavusker

soils, ‘are as described below,

Specific gravities are 2.64 to 2.72 for ‘Bulanik
soils and 2.63 to 2.74 for Tavusker soils.

'With regard to Unified Soil Classifications (ASTM
D2487), from grain-size tests and Atterberg limit

tests, the Bulanik soils'belong to inorganic clayl.

(CL) to clayey gravel (GC), while Tavusker soils

alsc belong to inorganic cléy.(CL) tb'clayey gravel
(GC).

The  optimum water contents obtained ffqm'.
consolidation tests are 11.0% to 20.5% for Bulanik
soils, and 14.5% to 22.5% for Tavusker soils, while

‘maximum dry densities are 1.64 t/m* to 1.99 t/m® and

1.62 t/m® to 2.00 t/m®, respectively, and there is
considerable scattering in optimum water_qontents

and. dry densities wiéh _both soil materials.

Differences :between natural. water contents - and -

optimum water contents are consxderably scattered 
depending on the place and’ qQPth, and while wlth 

Bulanik soils natural water contents are higher at -

places and optlmum water contents hlgher at. other
places, natural water contents are all hlgher for.'
Tavusker 50115 except at MT 9

Pirect shear tests were carried out COnsolidated'and

undralned (CU). As a result, cohesmon and angle of
1nternal frlctlon were 18 k/m ‘to- 38 kN/m and 19°
to 32°, respectlvely, for Bulanlk soils and 35 k/m_ '
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to 61 kN/m® and 12 to 28°, respectively, for
Tavusker solls.

Regarding grain-size distributions; for Bulanik
SOilS the maximum particle size was 50 mm, the
amounts of 19 1 mm . and under from 72% +to 100%
4.75 mm and' under 43% to 100%, 0.075 mm and under 8%
to 88%, and 0.005 mm and under 6% to 56%. The
number of samples tested was 12, and there was very:
mﬁCh scatter among samples-depending'on~placé'and
Vdepth “of collectlon Fdr Tavusker soils, the
maximum partlcle size waq 80 mm, the amounts of
19.1 mm and under 68% to 100%, 4.75 mm and under 43%
to 98%, 0 075 mm and under 18% to 87%, and 0.005 mm
. and under 10% to 43%. There was a fair amount of
iscatter depending on the place of collectlon

Attériberg limit tests were conducted.on both Bulanik
and Tavusker soils. The results were liquid limits
(LL) of 30.9% to 55.2%, plastic limits (PL) of 16%
‘to 22.6%, and plasticity indices (PI) of 9.9 to 30.9
for Bulanik soils. Liquid limits (LL) were 32.1% to
. 49.5%, plastic limits (PL) 17.1% to 22.8%, and
plaSticify indieces (PI) 15 to 27.1 for Tavusker
soils., . '

' Accbfding to:_permeability 'tﬁsts; the' values for
Bulanik soils were '1.58 x.ld$'to 2.02 x 107 cm/s
for what at flrst glance appears like scatter, but
" almost all coetficients of permeaﬂLllty were about
10 cm/s to 107 cm/s. The_cqeff101ents were 3.2 X
10”'cm/s to 4.1_.x_.10* cm/s for Tavusker soil.
Bulaﬁik_ soil matefial :contained ‘a conéiderabié
amountibf salts so that pérmeability tests were
 ééntinﬁed3fdrfappro£imatgly 7 months on material
from MBQS,'but_chaﬁges-ihgtest results were not

recognized.
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3)

Evaluation

To evaluate the above resuits, the Bulanik soils are

_ lnorganlc clay (GL) to clayey gravél (GC) according to

the Unlfled Classification Method, while contents. of
fines (0 075 mm and under) are from 8% to 88% for
great ‘scattering, but since there is no other suitable
material, it will be necessary.to make up a soil
possessing the- required proﬁerties by suitably
blendlng the soil materials of this valley As for

Tavusker soils, they are also inorganic clay (CL) to

" clayey gravel (GC) .~ according to  the Unified

Classification Method with contents of fines (0.075 mm
and under) 18% to 87%. Permeability test results are
all around 10-® cm/s to 107 em/s, and the material can

‘be said to be of good quality from this aspect, but it

will be necessary for further investigations_to-be

made of the aspect of'quantity.

In definite d931gn1ng' and constructlonA it w1ll be
desirable for more detalled 1nvest1gatlonq and testlng
to be carried out. Quant;ty~w15e,'lt may be that the
amounts available for borrowing are- not necessarily

very large.
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TAVUSKER BORROW AREA

LEGEND

MT-

i TEST PIT

(I) 200™
1 |

OLTU RIVER HYDROELECTRIC
POWER DEVELOPMENT PROJECT

JLOCATION .OF GEOLOGICAL INVESTIGATION WORKS

'AYVAL! BORROW AREA-PLAN

- Tavusker Area

Fig. 7—15
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BULANIK DERE BORROW AREA

LEGEND

MB- -

TEST PIT

O - 200 m
{ e |

OLTU RIVER HYDROELECTRIC
POWER DEVELOPMENT PROJECT

" {LOCATION OF GEOLOGICAL INVESTIGATION WORKS

AYVALI BORROW AREA-PLAN
- Bulgnik Area

Fig. 7-16
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