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I. INTRODUCTION

The damsite of the Sapt Gandaki Pro;ect Was raised up first as the":
Dev~Ghat prOJeCt in, the report of ”Master Plan of Hydroelectric Power
Development in Nepal" (hereinafter called as Lhe master plan) in 1974
Afterwards (in 1979), the prefea31bility study on Sapt Gandaki Hydro_

"electric PrOJecL (herejnafter called as the prefeaslbility study) was

also carried out.-_

In the master plan, a moderate scale embankment dam was planned to '
be built assuming the bedrock condition might be poor. A concrete b- '
fgravlty dam w1th a central overflow splllway, however,.was recommended-
in the prefeasibllity study in view of huge floods of! the Sapt Gandakl
Rlver based on’ the assumption that Lhe foundation is composed of com—:

rpetent rocks overlaln,by a gravel layer and a weathered rock zone of each

'5 m in thickness

Therefore"the investlgation in the feaSlbility study was. rather -
_focused on gettlng an exact 1nformatlon about strength of the bedrock
as well as the th1ckness of the rlverbed dep031t on purpose: to conclude_
" the best proiect 1ay0ut including a dam type and to study the progect
:lfeasibility. . ' '

Geologlcal investigatlon for the fea51b111ty study on Sapt Gandakl
Hydroelectrlc Power Development Project . launched out on February l
I 1981, The fleld ‘SUTVEY was d1v1ded into two. stages,'l e. the first
‘stage from February l to March 31, 1981 and the second stage from
October 1, 1981 to Aprll 30, 1982, '

‘ In the first stage, geologlcal mapplng in the scale of 1 to 10,000
of ' the reserv01r area, 125 llnear meters of core drllllng Wlth water

pressure test and 2, 500 meters of seismic refractlon proflles have: been
done. More detall and’ essentlal part of the survey hds been conducted
in.the second stage which con51sted of geologlcal mapplng in the scale
of 1 to 2,000 of the dam31te, 816.5 llnear meters of core drllllng,:

9,975 meters of seismic refraction ‘profiles, test grouting, éxcavation

of test adits and test trenches and, rock tests.



As a result of the investigatioa, the riverbed deposit 1s so deep
.as 30 5m dt the core drilling B81-11. and more than 36 m at the B81- 6,
whieh are deepe1 than both assumptions in the plefea51bility study

(assumed es 5 m) and in_the_master plan (assumed_as 15 to 30 m).

The strength of the bedroek against the sliding of a conc1ete-
glavity dam has been revealed as 1f(kg/cm2) 8 + ¢ tan 40° whlch is
80 marginal for the foundatlon of a high concrete gravlty dam as to
necessiLaLe a large base, s0" that the determlnatlon of the dam type

requlres a detailed examinatlon.

Furthermore the terrace depos1t on the: left bank has’ been proved to’
' be so w1de and thick as to be seriously concerned in the selectlon of

'dam31Le,1
.Surveyiitems performed, applied method, obtained data and engineer-
ing assessment based on the geologieal_inﬁestigations carried out are

discussed in detall in this ANNEX (E).



1I. REGIONAL GEOLOGY

.2.1 General

© Nepal is sltuated,in 1ongitude 80° to, 88°E “and laLiLude 26°-"
30°N with a rectangle boundary It can be geomorphologlcally divided
into several zones extending east-west d1rection; 1.6 Tibetan arld
zone, Hlmalaya range, Mahabharat range. (or Lesser Himalaya), Slwalik

hilly zone and Terai pldlﬂ from north to south..

In the Gandak1 bes1n, Mustang area is 1n the llbeLan arld zone
“and in the’ Himalaya range are the Langtang ‘Himal (7 264 m), Manasulu'
(8, 125 m) Hrmalchull (7, 864 m) Ganesh Hlmel (7 406 m) Dhaulagir1
(8,172 m) " and Annapurna Himal (8 078 m) - The Mahebharat range 1s
_composed of 2, 000 to 35 000 n hlgh mountelns and inner basing wh1ch
of tenly subd1v1ded 1nto the Lesser Hlmalaya, ‘the Mldlands and the _
Mahabharat range,. Old c1t1es and towns such as Tansen,_Pokhara, Gorkha,:

Dhading,.Etc,.afe located in thlS range._

_ lhe Mahebarat range and the Slwalik zone are plalnly bounded by
the Main Boundary Thrust not only formlng the southern sLeep slope of.
the Mahabherat_mountalns but also showing remarkable contrast of the
eltitude in”bdth sides.: The Siwalik and the Teral 1s tran51tional such
as the. Siwallk belng once buried under the Chltwan Valley (the Inner
Terai) and egaln formed ‘the Churla Hills along the. southern boundary o
of the Chltwan Valley.‘ “The Churla Hllls ‘have altltudes of 700 to 800 il
and. consists of ¢ the Upper- Slwallk rocks - In further south the maln
Terad, plaln spreads widely as the northern part of the huge Gangatlc

" Plain..

-The Tr1sulganga Rlver and. the Ka11 Gandakl Rlver as shown in the
locatlon map head- in the leetan Marglna] Mountalns, then pass through
an area. of granitic rocks and anc1ent metamorphlc Tocks of the Mahabharat
renge gatherlng many tr1butar1es and f1nally meet at l %km upeream of
the Sapt Gandakl Dam31te, ‘after which- it is called the Sapt -Gandaki.
River The dam51te area is underlain by the Tertlary sed1mentary rocks
'of the Siwalik Group whlch bounds on the above mentioned metamorphlc :'
_;rocks along the" east—west trending Main: Boundary Thrust runnlng about

5 km north of ‘the damsite.'



2.2 .Stratigraphy_

As* shown in Tlg ~E.1 “GEOLOG]CAL MAP OF RESFRVOIR AREA" the'oldest
. stratigiaphic unit within the reservoir area consists of a variety of
dPaleozoic metamorphic rocks which are exposed 1n the northern part of
'_the Main Boundary “Thrust, On the oLher hand in the southern side of -
the Main Boundary lhrust the Tertiary sedimentary ‘récks of the Siwalik
Group widely spread up to the flat alluvial plaln of the- Chitwan Valley.ﬂ

The- stratigraphy of strata in the reservoir area is showu in Illus 2.1,

_ The Siwalik Group of thlS area consists of (1) banded sandstones
and slate, (2) banded sandstones and mudstones, (3) massive and pebbly
sandstones - and (4) conglomerates from,lower to- upper horizons, whlch :
_,are called le Formation Bst Formation,,Sst Formation® and Cgl Formation
_respectively in' this" report le Formation occupies the strip bounded
.by the Main Boundary Thrust in® the north and the inner Siwalik fault in
the south The’ upper part of le Formation, rand the lower part- of Bst

' Formation are petrographically 51milar ' The Sapt Gandaki damsite: 1s'
.located on the gradual ‘transition zone between Bst Formation and Sst

Formation

' The other unit of geological fac1es is alluV1al terrace deposits

' which develop on varlous elevations and are clas51f1ed 1nto four terraces
as shown 1n Fig —E 2 It is’ remarkable that ‘the terrace IV is thickly
developed in’ front of the Main Boundary Thrust and the inner Siwalik -
:‘fault and 1nc1udes thlck cemented conglomerates and breceias “The _
“'1ayers of’ cemented conglomerates and/or brecc1as are observed not only
in’ the terrace IV dep051ts, but also in- other teriace deposlts except

~the terrace 11T whlch w1de1y extends_on the left bank-of the dam51te. _.

2.3ffréiding'5nd réﬁlting- :

The most striking structural feature is the Main Boundary Thrust C
_ whlch 1s located 1n the northern part of . the. reservoir ‘area’ and bounds:
-the ?aleozoic Midland Group and the Tertiary Slwalik Group.r There are
two other prominent faults called the 1nner Siwallk fault and the foot-
hill fault in this’ report, which trend easL Lo west as the Main Boundary

_Fault_does.. An anticline extends in the northern 51de of the foothill



fault ﬁiunging to.the:east; Strikes:of'beddiﬁg; aﬁfaﬁis of fOldiﬁg:and o

directions of faulting are consistently oriented in the east to west

“direction.



IIT.- GEOLOGICAL INVESTIGATION
© 3.1 .General

'Tne'damsite'is located in the straight ‘chamnel of the Sapt:éandaki
Rlver which tlaverses the: Siwalik Hills aid flows into the Terai Plain
At the damsite, the bedrock is exPosed on both,banks and the river is
'=200-m_wide at_Lhe-flow level. Three alternative_damnaxes are proposed
within 1 km of . this stretch'and named'Aé; B~ and C-site from upstream

to downstream,

~ The bedrock con51sts of the banded sandstone and mudstone formation

(Bst Formation) and the massive pebbly sandstone formation (Sst For
mation) of the tertlary Siwalik gronp ‘as shown in Fig.—E 2 "GEOLOGICAL
_MAP AND SthION OF DAMSITE" "~ Bst Formatlon is composed of orderly
:repetitions of thick sedimentary cycles, each of which consists of
.graded sandstones, lamlnated siltstones .lntraformational breccias and
greenlsh mudstones Jin order from lower to upper layers. Thickness of
_the component 1ayers varies in. each cycle In this report, the 5ones
of thick sandstone and thin other ‘banded layers are denoted by the name
_of ma531ve sandstone members (Ms members), and the zones of this sand-
stone’ and_rather thiek banded_layers.by the name of alternatlon of

'sandstone;'silstOne and'mudstone'members (At members).

CIn the damsrte, Bst Formatlon contalns eight Ms members and the
same number of At members which are alternated and numbered Ms—-1 to Ms-8

and At 0 to At-7. from lower to upper zone respectively

'_ On the left bank,are three stages of terrace at’ the elevatlons
260 ™, 230 m and 200 m which are called the hlgher terrace, middle
f'terrace and 1ower terrace respectlvely herelnafter Among them, the'.
mlddle terrace has subsLantlal signlflcance for the dam conetruction due

to its wide and thlck deposits lying Wlthln the range_of dam_foundationa

Geological mapplng, selsmic refraction proapecting, core drilling
'w1th permeablllty tests, test grouting, excavation of test adits and _
_trenches and rock tests of in- situ’ rock masses -and roek samples in labo~.
'ratory have been carried out for the feas1b111ty study durlng the perlod .
.of February and March 1981 (Stage 1) ‘ard Octoher 1981 to April 1982
'_:(Stage II)



The location map of geological survey in the damsite 1s shown in
'Fig'~E 3. LisL of survey works” and actual progress done in the field
are shown in Table=E.3. 1 and TableuL 3.2. '

As shbwn in Table E.S 2, the field work was: carried out in the dry .

" season which 1s the period from October to the next April Particularly
works in the rlver, eig, core drilling and seismic refractlon prospect-.
ing in Lhe river- portlon, weie concentrated in January to March, because

the river flow is still too large ia the early half of the’ dry season.

-Although'the survev'in Stage'l was, foousedioﬁ the dsmsite A which :
had been: proposed 1n the prefeasibllity report, the survey -area was
extended in Stage TI to- cover alternative dam51tes B and' C Wthh were
. assumedrln the’ downeream stretch. within 1 ka from the;damsrte A for:

Finding the most suitable damsite.

3.2 Seismic Refraction Prospectiﬁg

' Selsmlc refraetlon prospectlng method has been applled for overall
1nvest1gatlon of damsltes and grdvel deposrts for aggregate materlals
As shown in Table-E.3.3, 21 profiles of 12 475 m 10ng in Lotal have been -
surveyed out of whlch 4 proflles of 2 715 m; in total were. done 1n the
gravel ‘deposits and the remalnder was in the dam51tes Proflle llnes
were arranged 1n_such a manuner ‘as ‘shown in Fig.-E.4 for the damsites

'and‘FigrlE.Stfdr'the grsvel'depOSits.
3.2)1"Operation:iﬁ the Fiehi‘

The arrangement of shots and-deteetors'wss'planned'to be laid out
~on a line (profile'shooting) 'Eefore the fieldirecording begen, ground
surface proflle were surveyed and shot and detector stations were merked

'by stakes

In a cycle of operatron, the dlstance range was arranged in sueh
a manner that five or seven shots of 50 to 60 m 1ntervals were plcked
up by 21 detectors whlch were spread at: regular 1ntervals of 5 m as

1llustrated 1n Illus =3. l



The shot locations and detector- epreads of one. opelaLion cycle
were moved progressively Lo give complete coverage over the refraction
plofile lines as shown in the Fig.wF 3 ”LOCATION MAP. QF INVE%TIGAFION"
except the river chaunel area. In the river channel, shots were done
‘at’5 . intervals In- water and detectors were ‘set at several points on

both- banks and gravel bar.
Maih'instromentsaahd materials dsedtare'shown.in Table-E.3.4.
3,2.2"Profile LineIArrahgemeot in'the Damsite

ince three alternatlve damsites named the damsite A, dams1Le B
and damsrte .C from upstream to downstream 31te were proposed ;seismic
refractlon proflle 11nes Were arranged to form a grld with two lines
in each 31te across the rlver and three lines parallel to the. river as’
shown in ‘the Flg -E. 4 Out of three parallel lines, one was on the
.rlght bank and the other two lines were on the left bank because of

fluvral terraces widely spread on the left ‘bank.

“In the damsite A 51nce the bedrock was overlaln by a thick terrace
dep051t even at the left end of the proflle SL-1, the_prof1le SL—6,was
added in ‘the directlon towards further hill side. SL¥7 Was'alsonadded
in the damslte A for the purpose of checklng the left end area of SL*l

where a. low veloclty layer was detected ‘as well as thlck overburden

The refractlon proflle llne SL 5 was, lald out on: the gravel bar .
: located about 300 m upstream of the damsite A in order to bbtain data
of_thlckness of - the gravel depos1t. SL—l&-was laid out to take'a

_refraction profile along the test adit TA-2.
3.2.3 Time-Distance Plot aid Profile Interpretation =

Travel time: of the'seismic wave (primary:wave) was read:frOm*record—T
ing paper to the accuracy of 1/1 000 second and plotted on’ the time-.
dlstance graph. From thls graph the profile of veloc1ty layers was

'drawn malnly by means of Haglwara s method. The tlﬁ

.'1stance curves Lo

'and the profile 1nterpretaLions are attached at the end of thlS volume

‘as ”SEISMIC REFRACTION PROFILE: TIME DISTANCE PLOT AND INTERPRETATION"
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.Correlation between yelocity-layers_and geology as shoWn.in'the '
Table-E. 3.5 1is deduced-fromfother'geological data obtained in sorface
observation;’core’drilling,htest aditting; etc, as well as'refraetion
" profile. This correlation table is explanatory of - the geological

 conditions of refraction profiles.

For the dams1te, the dieribution plan of speed of Lhe deepest :
layer, which is’ the fifth. layer in the correlation teble and generally
represents the fresh bedrock is. shown in Fig.-E.6. Veloc1ties of
.deepest layers are in the range from 2.6 km/sec to 3.9 km/sec, except
1ow velocity zones which ‘are the segments of remarkably low speed such.

as 1. 5 km/sec to 1.6 km/sec zone in’ the profile SL 7, 8_and 9,

The low*veloc1ty zonée may represent defect of the bedrock such as
a fractured Zone ‘and other - anomalies. In the case of dams1te A left
bank where seveial low velocity zZones are distributed, it seems that
they have conLinuity and infer the depres31on of old river channel
. though it must be surveyed by core drilling. Then the continuity of
~ them and similar low veloc1ty zones’ are “shown 1n the figure as probable:
trends of the Jlow velocity Zones. Other 1ow velocityrzones_soch as

on the right bank possibly_corfelate to some cracky or'fault zones..’

Since the variety of speed of the deepest layer can be assnmed to
reflect the property of underlying bedroek the 2.8 km/sec zone in the 3
river segment of the SL-1 line appears to extend toward the similar V
yeloclty zones of SL -2, 'SL-13, SL- 10, SL- 17 and SL 15 - southeastwardly
as shownlin Fig.—E.6. In the same manner , the_3.5_km/sec to 3.6 km/sec
zone on the right bank of_the SLe15 appears_to'estend'asyshown'in ?ig.u
E.6.

_.The traces of 2.8 km/sec zone and 3. 5 to 3 6 km/sec zone appear
to cotrelate with Ms+8‘Member.and At-3 Member in the geological map

respectivelyrr



3.3 'Core-Drilling'

As shwon in Table«E 3.6, 21 holes of 941 5 m in total linear '

' 1ength were, core—drilled during the feasibility study stage. ‘Since. the
terrace deposits on the left bank of damsite A, which was the proposed
damsite in the prefe381bility study, were revealed so thlck by Lhe core
Edrilling of BBlnl and’ B81:-10 in the early stage ‘of survey, ‘the 011ginsl
_layout of drill holes in which Lhe drill holes had ‘been’ arranged so as
investngation, i.e. some holes Were shifted from dams1te A to-alter=
native damsite B and C and SOme were added. Conclu51vely 10 holes wvere -
drilled 1n the damsite A, 9 ho]es in the damsite B and & holes in the’
damsite C.. The layout of holes drllled is showu in Fig.-E.3. "LOCATION
MAP OF INVESTIGATION” '

Coring Wwas carefully done and recovered core samples were well
arranged in core boxes in order and 1nspected by a geologist o draw up

logs.. ' The core samples are kept imw the warchouse in Birganj by the

ilElectr1c1ty Department HMG .-
3.3.1 Drilling Operation.

'_'The:following drilts and pumps were used.for core drilling.

prills; - TONE UD-5 2 sets

| . KOKEN' OE-=2L | 1 set.

Cpamps; . - KOKEN MG-5A < . . 2 sets

' - "KOKEN:MG'lO' N 2 sets
YAMMER ¥ L 1 set

::(for power sprayer)

Core drllling was carried out by means . of'a_douhle*tube core barrel_
with a diamond coring bit of - 66 . mm 1n dlameter The'collar of'hOIe was.
:drllled and protected by larger slze caslng plpes of 114 mm in dlameter

© for, the drilling in the river and of 86 mm or 116 mm' on -both banks.

It is noted that the drilllng through the riverbed depos1ts was
.most difflcult in the dr1111ng operation of this tlme since the rlverbed-

'deposlts were so thlck in addltlon to so hard boulders contalned
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. Especilally the drilling of No.B81-6 hole did mot reach:che bedrock even
at the depth of 36 meter.

3.3.2 Logging

Data-obtained”fhrough careful inspeccions of'the'&rilling_cores

“are gummarized in “DRILL LOG" which is atfached at ‘the end of this

volume,

Rock'cleesification

- For logging, the follow1ng cLa851f1cat10n of rocks were: applled 1n

aid of assesstng dam foundatlon in the progect 51te.

Cless

A i

Deécription '

.Fresh and hard rock‘without'any”diSCOntinﬁities in suf-
. ficdent eXtent at least a few meters. No segment ‘of

fdrllled core Corresponded to the clasé A, 50 that Lhe'

class A has been only an ideal ranklng o far.

Fresh-and hard rock énd coree:being fecovered in long

;Shepe. Or fresb and moderately hard w1thout disconti-
-_ nuities in a meter or more : Generally RQD indicates
' _1007 Rather hlgh coh6810n such as morc than 10 kg/cm

‘may be expecLed as. a2 mass:’

Fresh roek Hard to moderately hard and cores belng :

_recovered generally in long but 1nc1ud1ng some defects

such as cr0531ng cracks and/or cracks w1th clay seams -

'w1th a’ frequency of once in a few meters Then the

._percentages of core- recovery and RQD generally indicate

100%. and more than 70% respectlvely._ In the case of

soft rock, the core of this class is so long as RQD

showing 100% Without defect.;;;

'The rock c]assified as CH generally appears as good as
belng sufflclent for the foundatlon of a high fill dam,
For construction of & concrete grav1ty dam, the trend

of dlscontlnulty 1n the hard rock and mechanlcal pr0~

'.perty of soft roek may be seriously concerned
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In the case'of'hard.rock,.cracks and/or thinly bedded -
planes are'incluaed_in places, so that cores are fre-
‘quently taken 1n the shaoe less_than 10 cm and/or
fragmeatal.'rconsequently RQb becomes low to such a

' degree‘as 30 to 70%.

Core recovery is, however, as high as 90 to- 100%, be- .
cause fractured and/or clayey materlals are rarely
iocluded._ In-the case of weathered and/or soft rock,

'core are_long'mith'hlgﬁ percentage of RQD.

In general the rock of class CM is not favorable for.
the foundatlou of a high dam. Particularly if it w1dely
spreads, dam constructlon w111 be restricted in its.

scale or some special device will be requlred

Rocks are cracky and/or 1ncluding a remarkable clay .
-1ayer or ‘weak zones and cores are rarely taken more
than 10 em long. Consequently the percentage of RQD

becomes low or zero

Rocks;"which are. masSive BUtISO“wéathered and/or weak that
they are unable to- retain thelr shape when belng taken
out of E! core barrel or- eaSlly crashed out by hand, are
falso c13351fied here - The rock of class Cr, is un-
Tfavorable for dam constructlon and usually requlred to
_Therefore if At spreads widely, dam constructlon w1l]

be Serlously restrlcted '

H'Fractured and/or decomposed rocks Io'rhe‘case of no
“core hav1ng been- taken, the correspondlng segment is

: classif1ed here. - Rocks decomposed by weatherlng will
be removed and fractured zones as well as faulL zones .
must be removed and/or replaced by su1table materials'_

”and treated by groutlng etc to a good extent.'

Genelally the rock of clasq D must. be pald careful at-

tention for dam construction.
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In’ I'he above index of rock classification, hard rock means the
rook of which compre351ve strength under the moistended condition
appears to be more than 200 kg/cm2 and moderatley hard rock to be rang«

ing from 80 kglcm2 Lo 200 kg/cm2 and’ soft rock to be less than 80 kg/cm2
"This classifieation of rock strength is exclusively applied to rocks'

in. the damsite, not on quarry rocks and others
RQD
_RQD is an index.terméd'the Roek'Quality Designation which is
“obtained by'examining the core reeoVered;from:a borehole, dlsearding
" sections of core less than 10 cm long, and expressing the remainder

as a percentage of the total length'drilled._
Then it can-be formulated as the folloﬁingt'

Totel length of cores longer than lO cm
' Total length drilled

RQD = x 100%
In the logglng of ths survey, the core was examined in each one
meter for RQD, except a fraet1on of upper end of rock zone of a hole.

Then it was calculated by—the following equatlon modlfied the above.

Total length of cores longer than 10 cm
- 100 em'-

. RQD = x 100%

3.3.3-_Results

The data obtalned from core drllllng are’ shown 1n the drilling logs,
which are self explanatory. " They have been utlllzed for prOCES81ng
geological profiles which dlsplays the general 1dea on the damsite
geology together with such other field data as of water pressure test,

selsmlc refract1on progpectlng, test adlt, ete.

Some representatlve pleces of bor1ng core have been taken out and
sent to- Tokyo for the purpose of performlng roek testo in laboratory,
which are. discussed in the sectlon 3.8 hereinafter “The segments from

‘which rock samples have heen taken out_are listed in‘Table¥E.3.7.
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3.4 -Permeability'Test

Inusitu permeability of rock was mea5ured by the method of the
water pressure test™ (01 Lugeon Lest) in boreholes dlilled lesting

methods applled f01 terrace and rlverbed deposits differed from the

above ' ‘water pressure rest" The test methods for ‘the terrace and
riverbed depogits are called "pumping in test" and ' openmend pipe test

" respectively.
' The water pressure test was*applied'ih:llQ'sections'of 17 boreholes

and the pumping-in test and the open-end pipe test were in 2- sections

each.
B P I Testing Method

For the water preSSure tesL (Lugeon test), a plug seal (rubber

packer) was 1nserted at about 5 m from Lhe base Df the ‘hole and then
water applied under pressure through a plpe-extendlng through the plug
“to the baSe.of the holet_ The flow of water is measured, at various

_ pressures es shown' in Table E.3.8. The permeeblllty of the rock was
assesged in both terms of Lugeon units ‘and permeability coeff1e1ent
One Lugeon unit. is defined as a flow of 1- llt/mln per lienar-meter of
hole a4t a standard applied pressure of 10 kg/cm2 one Lugeon equals to
.about 1073 cm/sec, the preclse equ1va1ent belng dependent upon the
.'diameter of test horehole and the depth to the water table, Then the
‘Lugeon units and the permeability coeffielent were ealeu]ated by the

.follow1ng equations, Lugeon units

- _a }
Lu f_§_X 10
where,  Lu = the Lugeon units
' " Q = the eonstant rate of flow into the ‘hole (llt/mln)

= the - length of test seotlon (m)

the pumplng pressure applled (kg/cmz)

Permeability coefficieﬁt (from the paeker'test in ”Eerth'Manual”'USBR)

- Q L,
k =5—3mpx loge.§—(cm/sec)

E- 14



where, -= the pelmeability (cm/sec)

k
Q = thefcostant rate of flow into the hole (cm3/sec)
L ='the length ‘of test section (cm)

H

= the”d;fferential ‘head of water {em)
= H(gravity) ¥ H(pressure)
T o= the radius of hole tested.

'The p'ump'-ing;i'n test was .the method ‘applied in the drill hb‘les .

Nos BSl 1 and’ 381 10 for determination of ‘the permeability coefficients
of terrace deposlts which were . Loo soft and weak to set stich ‘a tubber:
packer as used in the Water pressure test ‘The borehsle B81-1 was'._
drilted on the left bank.of damsite A 1nto a terrace deposit by a-86 wm
diameter core barrel. When it reached -deep to 19 U w1thout cas1ng plpe,
the test was done by injecting water into the hole adjusting to maintain
a constanL head of water at the collar of . the hole and the rate of flow
being méasured after it became constant. For the calculation of permea—
Hbillty coefflclent, the same equatlon w1th the water pressure test was o
applied‘ In the“drlllhole B81-10, the’ pumping-in' test was done 31m11ar1y
to the drilihole B81- 1 but the test section was confinad w1th1n the .

depth 36. 2 in to 37, 8 m due to casing pipe inserted upper than 36 2 m.

Theeopen—end"pi?thest ﬁas_appiied in the drillhole No,381613; it

was drilléd: in the river ‘channel of the damsite B thrbugh'a‘riverbed—_
sand and gravel.deposit which sas tso loose to'be'tested by'not=oniy— '
the water pressure test but also the ‘pumping-in- test. The teSt'was
made ‘through the open end of ‘a pipe casing: (1n51de diameter- 101 6 mm)
which had been sunk to the depth tested. Before-cemmencement of -test,
the inside=of.casiﬁg*pipe'was'cleared-of sand ahd'fragmentsideep'to the -
bottom by drllllng with 66 mm dlameter core ‘barrel and then the test was
begun: by adding clear water 1nt0 the hole to malntaln a constant head
w1th or w1thout pumplng pressure Measurement of constant head, constant
rate of flow 1nt0 the hole,_51ze of caslng plpe, “and elevatlons of top '
~and bottom of c381ng were recorded The permeablllty was ohtained

from the follow1ng equation quoted from "Earth Manual" by USBR.
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whera,

B

the permeabiliLy (cm/sec),

the constanL rate of flow into the hole (cm3/sec),

il

. the internal radius of casing (em), and

= H 0 =
L

the differential head of water (cm).

:3.4.2 Permeébility Determined_

The data and results.are.sh0wn in. the tables attached_at the end
of.this-volume asrﬁRECORDS'OF‘WATER FRESSURE”TESTS", 5% which summary is
shown_in‘TablefE.S,ggooﬁllQ stages of:the_water pressure testhin the
:bedrock:andniﬁ TablefE.B.lO on 4 stages of:the‘pumping—in test and open-

énd pipe test in the'terrace and riverbed deposits.

Permeébiiity:of térraté deposits

_ The'permesbilitiessof terrace deposits measured in the boreholes
_881;1;énd'B81“10'5h0w'rather”wide range'from'l;él x 1074 em/sec in. the -
;former to 4 69-x 10_ cm/sec in the. latter., Although the number of .
stages tested are not sufflcrent, it appears that the above permeabili-
‘ties are well correlated to the geologlcal condition, suggesting general

geological properties of the terrace depos1ts

. The section tested in the B81¥10_was in the depth between 36.2 m
to 37{6:m'3ust'above the contactbwith'thexbedrock and:composed of
graveiyﬁmaterials incldding cobbles'and boulders The ground'water'
table observed in the borehole (on December 24) ‘was at 30.0 m in.depth -
and sprlngs [rom this basal .gravel layer were’ observed dlong the river-
side. Then the permeabilicy measured in the B81- 10 seems to. represent

Lhe permeablllty of aqul[ers composed of gravely dep051ts

_ On; the other hand the test in the B81 l was made in the. dep051t
.'whlch malnly conslsts of brownlsh color mlcaceous sandy s11t wlth
scattered pebbles, cobbles and boulders They were rather cohesrve 50
that the 1nside face of Lhe hole drllled was well malnLalned even durlng
the test Slnce the lower part of the sectlon tested seems a bit more
pervious than the upper because the content of pebbles and cobbles
belng hlgher below 15 m, it appears that the permeablllty of 1 41 x lO —4

cm/sec as a whole sectlon is larger than ‘the actual, partlcularly for

"the upper Sectioh.
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As a whole, the permeabilities of the terrace deposlt II can be
agsumed around 5 x 10 -3 cm/sec for rather pervious aquifcrs and’ tess
than 1 x ]0 ~4 cm/sec f01 silty . sectlons and. there’ may be various _
intermediate permeabllities between them correlating variety. of sand
and grayel coetents. The térrace deposit ILL predominantly consists_ef:
sandy silt and clay}=then it may be rather iﬁpervioﬁs such es.iess'

than 1 x 1072 em/sec in general.

Permeabillty ‘of rlverbed depos1ts

. In-the borehole B81-13,  the open—end pipe test was made at the
depths of 5 m and 10 m both of which are composed of gravely r1verbed_
dep051ts. At the upper one (5 m in depth);. the constant ‘differential
head was maintained in the standing cas1ng plpe 2 'm above the river
water 1e§e1; and at the lower one (10 m in depth)- pumping pressures of -
1, 2 and 3pkg/cm were applled.' Permeabilities determined are 1. 5 % lO -3
cm/sec -at the upper point_end 5.9 x 10 -3 em/eec at the lower.- It seems
that the permeability ranging 1.5 x 107° cm/sec to 5.9 x'iO—3'cm/sec.
indicates a.depesit'eempesed'of clean sand and gravel with a 1itt1e
countents of silt, though only the cores of:gtaVel were recovered by

driiling.

Permeability of bedrocks -

As shown in Table-E.3.9, the.Lugeon.value'determihed ranges'frem
rather impetvieus (less than 1 .Lugeon unit) .to 159.3 Lugeon units in
maximum. Most of the Lugeon value determined'(677 of stéges-tested)
h0weeer,'show less than 4 Lugeon unlts upder the .maximum applied pres—

T sure shown_ln Table—E.B.S. The stages 1arger than 10 Lugeon units are
seattered aﬁdieerrespon&.to 7% of allrstages tested. These results
consist with the. rock facies. observed -as being massive appearance:and':

high pereeﬁtage of RQD examination ‘in general..
As a'whole,_permeabilities:df bedrbcks haVe not. shown‘any serious
obstruction against a_dam construction. This sub;ect wlll be discussed

in the section 3.5 "Test Grouting" again.
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3.4.3 Water Table-Observatioo

After eore—drilled, periorated polyvinyl chloride pipee were
'installed in the boreholes, and the fluetuations of water . table were
'recorded durlng the period from February 26 to April 7, 1982 as shown in
Table-E.B.ll. The result of the water Lable observation is briefed

below.

1) The water table in'the'terraCe depdsit'II an the left bank of
damsibe A was in the_elevatioo of 194 m.to'196“m} It epbee;s:tbat
the water table at the elevetioo:195 8 m observed in'tbe'borehole
B81~ 9 on November 3 lowered to the elevaLlon 194.6 m observed in
the borehole B81- lO on December 27

2) Tbe water teble obeerved in the boreboleiBSl—lZ has-lowefed eteadily
in"an average 4.25 cm per:day :during the period from February 26 to
;April 7. ' '

3) On the terrace dep051t IIL, there was no; ground'water acoording'to

the observeLion in the borehole B81-2 and B81 7 during this perlod

4) In the Eerrace depdsif I-eiso, there was no ground water in the -
. _borehole'le—Ié and B81-18 during this period, though a water table

may. be formed in the rainy season.

5)- The_boreholegBSI—S on the damsite A left bank encountered confined
gpound_water eroond-327m in depth. Ihe water head was 4.5 m aboye
the collar of'tbe'hole; which ‘was meaeured'by means of setting a
_rubber packer at the. depLh of 30 m. This spring has con31derably
_-decreased in March and Aprll (lhe late monthe of dry season) as seen
. dn the water level reeorde 1n the borehole ]owered to the elevatlon
b:195 9 m on April 7 agalnst the elevatlon 201.5 m on November 23

_(the early month of dry season)

'-6) 'Other Water levels observed in: the boreholes are all in’ Lhe fresh
.'_rocks, The water levels observed 1nd1cated a decllne toward the
briﬁer Sid?}. The lowest water level wes_observed et the elevation
1185.4 m, about 1.5 m higher than the river water level, in the bore-

- hole B81-17 on the damsite B tigbt'benk.

"E ~ 18



3.5 Test Grouting

Test grouting was_perfqrmed on the left bank lower terrace of tne

alternative damsite B.as shown in the location map Tig.-E.3.

3.5.1 Geolcgy'

The bedrock testmgrouted is composed of mudstones, siltstones ‘and
:fine and medium sandstones of At-5 Member of whlch boring cores have
been taken.and examined in the drilled holes MNos. TG~ 1 to 7. .as shown in-
”DRILLING LOG" attached at the end of this volume (Attachment 1I-41 to.
47) and_Fig.fE.7'“GFOLOGIC SECTION OF “THE TEST GROUT SITE" ‘The bedrockfi
_is overlain by a 3.5 m—Lhick terrace deposit and the bedding dlpS in the.
direction from the river side to the hill side by about 30 degrees '
Rocks are mostly classified as Cy and CH classes as shown in Fig.—E 8
"CROSS SECTION OF ROCK' CLASSIFICATION IN THE TEST GROUT SITE"

Since rocks of the At Members are various as soft mudstone'to hard
calcareous, shale and mell bedded with laminatiens and cracks rather than
the Ms Members and Sst Formatlon which show massive and uniform
-appearance, a test grouting siLe was planned to locate in At Member as
well as in the conditions of flat ground surface and thin overburden.

Then the test grouting site was selected, as said above.

3.5,2 Grout Hole:Arrangement and_Test Procedure

The following seven holes were drilled 1n a series of test grouting

of this time.

Hole No, Degtnl' guence of Drilling and Gloutigg

TG-1 S 30m . . '_Primary hole ‘-
PGL2 30w S Primary hole
T6-3 0 30m | ‘Secondary hole
6-4 20 m o _Tertiarﬁ hole
TG-5 o 20w Tertiarf.hele
Te-6 . 20 m Chéck hole
‘ TC¥7 R - 20 m o SR Check hole
Total ' 170 m
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. Giout holes were 1aid ouL on a’ single line in spliL bpacing method
as shown in Fig -E.9. "RECORD OF TEST GROUTLNG" _ birstly, the primary
holes 1G—1 and TG-2 were “drilled at 4 m of disLance from each other,:
water— preSsure—tested and grouted by 5 m stagc 4n - descending order.

Then the secondary hole TGw3 was drilled water—pressurewtested and
grouted at’the middle point between the two" prlmary holes. - The tertiary
.holes TG “4 and TG-5. were subsequently carrled ouL in the same manner ‘at
the middLe polnts between the primary and secondary holes. Finally ‘the:
check holes TG-6 and TG-7 were drilled and water- p1e55ure—tested at d

the middle p01an between the_secondary hole and_the tertiary holes,

The injected grout was neat mixture of ordinary Portland cemenL
and waLer, ‘of whlch mix1ng ratio was 1/5 at the start of grouting and '

-changed to 1/3, 1/2 and then 1/1 in welght proportion of cement/water.

The pressures of groutlng and water—pressure testlng was decided
to 1ncrease in deeper sLage in accordance with inérease of overburden as
' shown in Illus. 3.2. " Five meter section at the t0p of each hole, which
was’ through top s0il- and unconsol1dated terrace deposit, was ruled out

50 that the test was ‘made in the zone' deeper ‘than’ 5 m.
3.5.3 Test Results

‘b‘Data'on permeability;in-the LugEQn:ﬁnit=and:grout take_of each:
stage are'summarizedIin'TableeE*B 12 and illustrated in Figs.FE'Q and'_
E.10. Improvement 1n permeablllty of the bedroek by groutlng can be |
. seen in the successively changed permeability and grout take in each
- ‘stage from Lhe_prlmary hole to check hole in the Splllt spacing order as
shoyn in:Fig.—Efll and the series-of'sections_from Fig.fE.lZIto_Fig.—E.14.

The origlnal condltion of permeablllty 1n the bedrocks vere: general—
ly favourable for foundatlon of structure except a few stages ‘The' _
-water . presaure tests 1n the prlmary holes show a large amount of 1eakage

such as more than 100 Lugeon only in'. the flrst stage that 1s, the'
section between 5 m and lO m in depth 1he other relaleely hlgh leakage
~of 27 Lugeon was encountered in the section from lb m to’ 20 m of TG-1.
'-Other stages were 1ower than 4 Lugeon, thaL could be tolerable for dam

foundation even w1thout further treatments.



in the first stage tthe section from 5 m to 10 m), the grOut.takes
‘were 108 kg/m (i e, weight in kg of cement per 1inearwmeter of: borehole)'
Cidn TG—l “and 50 kg/m in TG 2, and then permeabllity measured in ‘the inter—
mediate’ secondary hole TG 3 which was 2 m ‘apart from both primary holes
showed 5 Lugeon In the succeeding tertiary holes T6-4 and TG-3, both
permeabilities were around 4 Lugeon Though the low permeability of 5 ‘
_:Lugeon measured in the secondary holes might not be due to the effect'x
‘of. grouting but its original condition, the results in the Lertiary holes
can clearly be 1nterpreted that cement grouting is effective when

lnjected in the holes spaced at 2'm and less

'”Ashfordthe'section'trom'IS m:to éo'm“ih IGmlpmith_27'Luéeondofih
‘leakage and 345 kg/m of grout tdke, the subsequeﬁt water pressure test
_in the secondary hole aL the same stage showed 1. 07 Lugeon and the
1ntermed1ate tertiary hole recorded 1 71 Lugeon The effectlveness of

grouting can also be recognlzed from this
3.5.4 Recommendation on the Gronting Pattern .

In view: of p0551ble exlstence of high 1eakage portions which are
1rregu1arly and sporadically scattered in the bedrocks of low peimeabill—
ty, a safe. arrangement of grouting holes for curtain grouting, i.e. two
parallel llnes, 1 m apart, from each other, on each of which the holes
will be arranged at 2.m spaclngs and at sLaggered posmtions agalnst the

‘holes on the opp051te 11ne, is recommended

3.6 Test Adit

| Two test. adits have'been driven in the Vicinity of-the damsite;a;-
one named TA-1 on the 1eft bank - along the dam’ axis and the oLher TA—Z on
the rlght bank at about 220 m upstream from the dam ax1s A as shown in
Fig. “E. 3 "LOCATION MAP OF INVESTIGATION" " The 10cat10n of TA=2 was:
determlned in the extension of the strata At I and Ms ? Members which
was’ supposed to be traversed by the dam axls A in the rlverbed o
rGeologlcal 1nspection, selsmic exploratlon (dlrect wave) and 1nw31tu rock :

tests were performed in the test adits.
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"3,6,1 :Excavation.

_ Adits TA—l and’ TAmZ! were excavated 50 m each ln linear length
'with such dlmensions as. shown in Illus.—B 3 "SECTION oF TEBT ADIT"

'_ TA—l excavation Was started iR portal opencut on November 15 and
reached the end-face on December 15 without supporting.: The average
excavation progress of tunnel part was 1.9 linear- meter per day. Wooden
supports were installed after completion of TA-2 in the’ section of the
portal to ey m, which is composed of weathered rocks,_and 15 m to 20 5 m
where a 5 to 20 cm~thick sheared’ layer is 1ntercalated (see Table- E. 3 13
“EXCAVATED ADIT LENGTH“) . o water spring took. place through the exca-~

‘vation except a. llttle water seepage ar 20 m and 37 m from the entrance

TA 2 was driven 1n the period from December 22 to January 29 'The
tunnel section ‘of the portal to 7 m, Wthh consists of cracky and '
weathered rocks dlpping towards the entrance was excavated with fore—
pollng and the sectlon of 13.5 m to. 18 m from the entrance, where a 30 -
to 40 cmwthlck fractured zone with faulL clay belng 1nterca1ated, was '
-excavated w1th supportlng The remaln1ng sections Were unsupported as
shown in FableuE 3. 13 _ The tunnel was. dry except a llttle seepage at

46 m from the entrance

Laborers engaged main equ1pments used and maln materlals consumed
Eor ‘tunnel excavatlon are 1isted in Table E 3. 14 Blastlng holes drjlled
were 8 to 9 holes per square meter on a face. Dynamlte charged 3.1 kg
per ‘cubic meter of excavatlon in- general and detonators used are of

flve steps of delay.
' 3.6i2' Adit Geology
Geologlcal 1nformat10n obtalned in the test adlts 1s summarlzed

1n Flgs.~E 15 and E 16 "GEOLOGICAL SKETCH OF THE TEST ADIT"

' TAel was drlven and 51tuated in the lower part ‘of Sst Formation 1n '_
whlch mass1ve mudstones, medlum to flne sandstones, dark gray color silt—
: ;stoncs and: pebbly sandstones range from the entrance to Lhe end’ in order
'of lower to upper horlzons The mudstone shows pale greenlsh colored '

weathered and cracky appearance Along the boundary with the overlylng



medium to fine’ sandstone, a sheared layer filled with- clayey materials

by 30 em - thick 1is intercalated

_ Thebmedium=to flne_sandStonES shoﬁfwhite gray coldr'éh& gradiné"
coarse in the lower and fine in thehupperﬁ The lowermost is Cross—
1aminated “and includlng layered pebbles and siltsLone fragments
(patches) The main part of this stratum 1nc1udes a few cracks, some'

j1aminations and’ lignlte fragments, though general appearance shows
‘massive.- The contact with the- overlying dark gray color siltstone is
_gredational " The dark,gray slltstone has the thickness of 1.4.m here,.
and includes beddlng sllp faults.

The pebbly sandstones occupy the inner 51de of the. adlt from 20 m .
p01nt and can be div1ded 1nto three unlts Each unit conSlStS ‘of i
medium- to" coarse sandstones with layered and scattered pebbles show1ng
graded sedlmentation coarser to finer from lower to upper in general
._fhe.lowermost is pebble layers and ‘the uppermost is thin bedded and/orl
lamihated-sandstones.' The contacts of units are unconformable, iie,
.laminated sandstones in the uppermost of a unlt are scoured and fllled

‘by pebble layers of the 1owe1most of the ‘above unlt

TA-2 was driven_and'situated in the lower'horiZOn of At—7 Member

to the upper half of Msz:Member,

”Rocks exposed'inSide“in the span from entrance te 13.5 m belong to
At 7 Member, they are bedded fine. sandstones, masslve mudstone and silt—

stone pafched flne sandstone (breccla) from upper to 1ower strata

The inner portlon from 13 5 m conslsts of flne to medlum sandstones
of Ms—? Membex haVLng raLher nassive appearance, though they 1nclude weak
' laminate and concretlons The contact of both members is a fractured
:?one 30 to 40 cm thick w1th a clay seam, which is developed along
bedding (beddlng ship fault)

3.6.3 ,Rock-classification and Speed of'Direct Wave -

: Rock c13351flcation of borlng core 1ogging, Whlch was: dlscussed
.‘1n the section 3. 3 2, was applled to rocks ln adlts correspondingly
The speed of dlrecL ‘wave Was also: measured 1n the adits, for whlch

detectors Were 1aid out Iongltudlnally at intervals of 2 5 m. The rock
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o classification in the test adits and the measured speed of direct wave .

are as follows,

-ln_the adit TA=1 (sée’sigfus.15)-m51ﬁ barts of massive sandstones,
_2'5rm=to-l6 5 and 19 m to the end-ln'distance:from the entvance, are
'classified as CH class, and weathercd rocks neatr entrance are as CM Lo CL
bclass and l6 5m to 19 m where bedding slip faults are 1ncluded is as
Cy, class. Speeds of . seismic weve  show rather wide range from 1.7 km/sec
to 3.6 km/sec5'though it seems that;sandstones are rather massive and

‘not so various 1in visdal-condition.

_ Rock cla551fication and speed of seismic wave of the adit TA-2 are_
-shown in Fig ~E.16. Medium to flne sandstones of Ms 7 Member show |
_rather ma851ve and fresh appearance, so that they are malnly classliled
as CH class: and correspondlng speed of  seismic wave- ranges 2,35 km/sec
to 3 45 km/sec.' Rocks belonglng to At-7 Member whlch are exposed near
_the entrance are weathered and’ cracky ‘ They are - c13831f1ed as CM and
CL classes,_in which speed of wave is.2.5 km/sec, The contact zone of
both.members_is classified 4n D class-and.corresponds with a low-&peed

zone of 1.7 km/sec.

3.7 In-situ Rock Test’

Strength-of the bedrock as ainass was'mEasured bﬁ means-of in—sitn
7plate loadlng ‘test ‘and block shear test in the test adits ' TA-1. and TA-2
in the dam51te A which’ wvere ‘excavated on the lefr bank ‘of the dam axis
and on the right bank about 220 m upstream from the dam axig respectlve—
.ly. Locatlons of Lest spots are shown in Figs -E. 15 and E.16 as well as

'dlstrlbution of rocks
3.7.1 Block' shééi‘f’t’ést' -

Block shear test was carrled out on - 15 blocks, -out of whlch 10
blocks numbered BS 1 to 10 were in the ad1t TA-2 and the remainlng 5
_blocks numbered BS— ll to. 15 in the adit TA-1.  TIn each testlng sPot, a
-concrete block with 60 cm x 60 cm square in the basal plane ‘of . contact
with rock and 30 cm in helght was placed upon exposed rock surface wh1ch

.'had been cleared of 1oosened rocks and cleaned sufficlently. Under a.
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certain constant vertical load applied by. a hydraulic jack each block
was pushed from the upstream gide by the other hydraulic Jack gradually
1ncre381ng-the horizontal load‘until.the rock. under the_block was
sheared completely.' Verticdl and horizontal displacements were observed
with dial‘gauges by the mindmum readiné of‘l/lOO mm. A typiéal arrangee
ment for testing in- the" site is illustrated 1ii - Fig -E.17 and thc load
pattern, load displacement curve and sketches of rock surface before
concrete. placing and after sheared are summarized in a sheet for each

" -block and shown in Figs.—E 18 to 32 For examlnlng rocks tested the
'-_irregularltles of surfaces before placing c0ncreLe and afLer sheared

'Were measured and dlsplayed in contour maps and sections as shown in

FlgS."E 33 to E. 38

Atter once tested up to fallure, blocks were’ reloaded and retested
under the same constant normal load as before in the block Nos 12, 13,
14 and ‘15 as. the result belng shown in Fig.-E.39. Thls secondary test
is cailed "frlctlon ‘test" because it can be assumed that the remalnlng

strength of rocks agalnst the secondary shearlng 1oad must be frchlonal

force without cohes1on

: Relation between normal stress (GJ) and shearlng stress ('[) at
rthe fallure p01nt of: each block was plotted consequently on graphs whlch
were lelded into four groups accordlng to the klnds of rocks ‘tested as

explalned below and shown in Flgs ~E.40 and E. 41
Rocks tested were distinguished into the3following'fonr;gronps,:

(1) Massive pebbly sandstone of Sst Formation“classified as.Cy’
class;. Block Nos. Bs-ll‘to 15 in the adit Ta-1 and-ﬁlotted
in Fig.-E.40, '

(2) 'Laminated;medium sandstone-of”Ms—7§Member classifieddas CH

. class; Block Nos. Bs-5 to 7 in the aditlTA~2fand-plotted‘in
Fig.-E:40. o

(3 Massive medium sandstone of:Hs47'Member_classified'as'Cﬁfg

class; ‘Block Nos. Bs-1'to 4 in the adit TA-Z and plotted ‘in
Fig,-K.41. S |
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(%) Mudstone and weathered rocks ‘of At-7 Member classified as OM
class, Block Nosg. BS-8 to 10 in the adit TA-2 and plotted in
C Flg.~E.41.

v‘:'The proper éhear strength of each kind of rock was deduoed from .
the normal: stress - shear stress'plot'accordihg to the Coulomb eriterion
of féilure. : ' .

' The shear étfength is'ékpreosed by'the.following equation:
'-QF=¥73+-¢’§an )
whéfe, T = Lhe shear reslstance ‘at’ fallule, 1 e._the shear
' strength (kg/cmz),
i z_oheisheér otféngtH at § = o0, iﬁe;gtﬁé'COhésion (kg/cm?),
5
o

.

‘the internal friction aﬁgle (degree)

“4

the normal stress at failure (kg/om2).

' The result is as follows:

Classific “Co T

Rock cation . {kg/cm?) '(dégree)

f(l).”Ma331ve pebbly Sandstone _h'CH_ - 5.0 55
' of Sst Formation. ' L o - '

.(2) Laminated medlum sandstone ) CH oo 9.0 50

of Ms 7 Member :
(3)-,Ma351ve medlum sandstone S CH . . 8.0 . :"40
<of Ms~7 Member ' o '

(é),-Mudstono and weathefed.fobks CM . 6.5 37

of At-7 Member

3.7.2 Plate Loading Test

Plate loadlng test. Was, carrled out at three spots; i. e, .test

No. PLkl._:42 5 m from the’ entrance in the adit TA- -2, of which rock °
e 'is_masslve medium sandstone of Ms-7 Member,

PL—Z:':32;5Qm'from_the entréqcé'in the'adit.TA:Z, of which rock

:is3laminated;medium sandstone of Ms-~7 Member and
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PL-3: 23,5 m from the entrance in'thefaoit'TA;l, of which rock is

massive:pebbly Sandetone'of'Sst'Formetion;

_ A,loading plate 30 cm in diameter was put horizontally on a thin
mortar base which had been placed on clean surface ‘of bedrock free of
iloose rocks. VerLlcal load was applied by a hydraulic ‘jack as shown ER
'Fig -~E,42, increasing at a rate of 2 L0ne every minute up to the first
peak of ‘6 tons and then: decr8381ogrin.the_same rate. to .zero, anq again
incleasing in the.seme_manner up to the second peak of.IZ'tous and
decreasing.to zero, repeetingliuoleesiugip more three times up to the
‘final peak of 28 tons, Such'repeetedpapplieetiou endlfeiexetion_of }oad
was again continued four times in the- same“peak of the final load es
shown in the graph of "LOAD PATTERN" in Figs. ~E. 43 to E.45; Displacemeut

of the base was measured by dial gauges p01nted upon a loadlng plate.

'Erom the field data obteined,ﬁthe timeAQisplacemeut relation;aﬁd‘
load—displacementh:elatiOn curveSZWEre prepared as shoWn-in“FigsleE“ﬁﬁ
to E.45 for each spot. Ihen the modull of elasticity ou both tangential
(Et) and Setant (Es) slopes 1n each 1terated peak, Wthh are shown in’
Illus 3.4 as the slopes IT and III respectlvely, were calculated by the

follow1ng cquation,

_(1-nYH F
= = '2.3_ X d

where, E = the modulus of elastlclty (kg/cmz)
R ‘a_Q the 1ad1us of a loadlng plate. (15 cm)

nlf;thehP01sson 5 ratlo (assumed at 0. 2))

F ="thez_e‘_‘ln_auge ln_StIESS (kg)

1the ehange'in-displacement (cm)

_ The modulus of deformatlon (0) was . caloulated on,the slope I 1n the
Illus 3. 4 by the same equatlon of the modulus of elautlcity The resules’
of calculatlon are shown 1n the tables of Figs. —E 43 to E. 45, of which

summary ig es the following:
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Test .Mbdulus:sfﬁElasticity (kg/cm2) Modulus of

No : Rock . On the Tangen- =~ *On the Secant Deformation
’ : B ~_tlal Slope (Et) Slope (Es) (D) (ke/cm?).
PL-l - Massive medium 14,000 11,400 7,400
sandstone s '
PL-2  Laminated medium 23,400 24,700 11,100
' ‘sandstone : L ' '
PL-3 Modaive pebbly: . - 22,500 15,900 10,900

sandstone

3.8 chofstsfy Test.dn‘Rde Sample

Rock Lest was performed on the trock samples which had been obtalned

from boring core.
'3.8.1. Test Items and Number of Ssmples

, Samples were taken'from ll”sections of 3_561es'drllled which are
'listed in Table-F.3.7. Rocks sampled wered divided into the following

five groups.'

" Group
. I  White gray color and massive medium to coarse sandstones which

predominantly distribute .in the damsite.

II = Greenish cdlored masgive sahdy mudstones which are intercalated
: in places w1Lh ‘a thlckness of a few declmeters to several
meters and seems Lo be the most soft rock facies in the damsite

by v1sual assessment
L III'.-Dafk'gray siltstones'WHicH génerallj'show thin bedded snd/or
-;Strongly lamlnated appearance accompanylng bedd1ng sllps 1n

places and belng some calcareous

IV Intraformatlonsl_breccias which are calcareous, hard and

showing a thick bedding of one meter or so.
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vV Grayish colored caleareous - fine ‘sandstones which show bedding.
appearance with varlous thickness of a few decimeterq to a few

meters and being common in the At Members

Testing 1tems performed and” the number of samples tested are shown
in Table~E.3. .15 '

3.8.2 Test Results
- The test results_are summarized in Table—E.3;l6”and E.3.l7.

Unconfined compressive erength of the medlum sandstone tested
-(Group I) ranges 116.8 kg/cm to 140, 9 kg/cm in the airwdry COndltiOn
(VAT) and 96 5 kg/cm2 to 106.6 kg/cm in the saturated conditiOn (SAT)
It is found in the greenlsh sandy mudstone (Group II) that its strength

is remarkably 1owered in the saturated condition ‘down’” to 53 kg/cm2 to

o 95.5 kg/cm notw1thstand1ng the strength of 163.9 kg/cm to 261.3 kg/cm

in the air- dry condition.' The rock sample of greenish sandy mudstone
.tested seemed to be rather firm one compared to the other parts of “the
‘similar- rocks, most of whlch tended to become fragment automatically by :
' weathering (slaking) in the air within a few weeks after cored out. The'
samples tested were covered with saranmlap immediately after ‘taking out

of a borehole.

Calcareous rocks of intraformational brecc1a and fine sandstone
(Group. IV and V) show such .a high strength as 687 kg/cm in unconfined
compression test ‘under airwdry condition. Although calcareous“siltstone
(Group IIT) has appeared as hard as “other calcareous rocks (Group IV -
and V), it shows 131.7 kg/cm and 206 5 kg/cm of unconfined compressive

strength dué. to its anlsotropism by 1am1nation

Other information shown in the summary tables are selfexplanatory
on the physical ‘and mechanlcal proPerties of rocks tested but it is
rioted that the informatiou does not give the properties as the actual.

rock mass.
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3.9  Test Treneh_

: Test trenches have been dug at four places, Lwo trenchcs were in
‘Lhe damsite B (TR-l and TR-Z) and the other two were ln the damsite C
“(TR=3 and TRnA) ‘ag .shown in the location map Fig.-K. 3 In each damsite,
one was located on thc left bank and the ‘other on the right bank (see.
Table-E. 3.18). - '

3.9.1 7Purpose of TrenChlng

The purpose of test tzenchlng was generally to reveal distribution
and condition of strata whlch were ‘dovered by t0p soil, Particular

purpose of-each trench was as_follows,

'TR—l TR 1 was excavated on the viver side: slope of the terrace
IIT of whlch deposits had been supposed to, be composed of reddlsh
l3brown colored SllLy 501l and gradatlonally changlng into the bedrock
_throuoh decomposed ‘rock zone at: the depth of 1z m 1n the core _
.drllllng ‘No.B81-2. Tran51t10n of ‘terrace deposits and decom—
-posed ‘rock zone wasy however unclear in the borlng core. Then TR- l was
:“planned to 1nspect the comp051t10n and depth of terrace deposits as well

" as the- cond1t10n of tran51t10nal zone and:bedrock.

TR 2 TR—2 is located on the rlght bank sloPe with rather constant‘
_1ncllnat10n about 30° above the elevation 220 m and supposed to be thlnly
"1covered by top soils and 80m8_3¢¥ees-7 SlﬂCE core drillings were mainly
-performed. in the area to be7thicﬁly covered by overburden such as ln
rlverbed and on terraces,_the abutment of - rlght bank was 1nvest1gated by
test Lrenchlng to check the thickness of overburden and weatherlng

'CODdlthﬂ of bedrock das well as Lo conflrm the dam abutment.

Purposes of the test trenches'TR 3 and TRmé to 1nvest1gate the

'dam31te C .aré 'same as.those of TR*l and lR 2 respectlvely.



3.9.2 Geology of Trench

TR-1: As shown in: Fig ~E 46 the terrace deposit consists of _

. reddigh brown color silty loam with small fragmental fabric including
decomposed rock fragmcnts and pebbles in. the lowermost horizon. _Thef'“"
contact with the underlying bedrock is exposed at 12 m point from the

top of trench where 1is about 249 m in elevation. The bedrock exposed”
is composed of massive flne to coarse sandstones, conglomerates and_'

. muddy sandstones of all being weathered arid yellowish colored. The
conglomerate exposed at 25 m p01nt is attributable to the lowermost _‘
conglomerate of Sst Formation, though it shows thickness is rather .
reduced. Below 35 m point, the bedrock is covered by ‘thick talus _
deposit which cons1sts of brown color soil w1th soft rock fragments and :
pebbles These pebbles may be der1ved from pebbly sandstones and’ COHglO“

merates of Sst Formation.

-TRmZ: TR~2 was excavated 42. 5 m-in long1Lud1nal length along the:
-slope of rlght abutment of the dams1te B. - Its- geologlcal profilerls »
shown in Fig.~E.46. The slope has an angle about | 28° The bedrock was
covered with weathered rock fragments and sandy 3011 as well as top 3011.
- a few declmeter mlnlmum to a few meter max1mum in thlckness Bedrocks
are yellowish color weathered and masslve medlum to coarse sandstones'
which belong to At-3 Member _ Although rocks are weathered and weak, 1t
appears that there 1s mo structural dlsturbance such as a fault but
weatherlng from the surface Therefore it is conflrmed that there is a_
sufficient rock mass in the rlght abutment of the dams1te B upto

elevatlon 247 m at the top of the trench TR-2.

_ IE:Q; As shown in Fig.fE.47, a pooerasal:grauel layer of Terrace
11T underlain by extremely-weathered:medium:to'coarse sandstones was
revealed at'elevation 240 m, . The" underlying sandstones belong to Ms~5 _'
Member and show brownish colored and ma531ve appearances 1he bedrock
"has heen exposed 1n the llmlted section of within 10 m span, and covered

in both 81des by talus deposits o£ which: thickness appears Lo 1ncrease

toward the river side.
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_ TR—Q., The geological profile of TR-4-1is shown in Fig.-F. 47, The
fslope of this siLe is as steep as 35° in average and bedrocks are covered
with ‘thin top soil and rock. flagment _ Though the bedrock of the right
abutment of damsite C was confirmed upto elevation 270 m 1n such. a
--manner simllar to TR-2 site, it is found that the bedrock consists of
_decomposed fine sandstones, brecciaq and muddy sandstones of At 1 Member

which are more weathered and cracky than ‘the rocks in TR-2 site.
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V. CONCLUSION OF INVESTLIGATION
4.1 Gereral

The distribution'end engineering geological featdree of eOil'aﬁd
rock faciles which have been revealed in the 1nvest1gation and described

_in the preceding chapter 3 are dlscuseed in this ehapter in conclutlon.

_4.2_ Damaite Geology

The up ~-to- date stratlgraphical study results are shown in Fig,-E. 2
"GhOLOGlCAL MAP AND_bELTlON QF_DAMSITE". Ih general the bedrock’ of
‘the damSiteICOﬁsists of Bst‘Formation'and'Sst'Formatlon, out of which_
Bst Formation contains 16 members of alternatlng At Member and Ms
Member, i.e. eight At Members numbered At-0 to At -7 and the same number

. of Ms Members numbered Ms 1 to Ms-8 lower to upper respectively.
4.2.1 Alternative DemsiteéA

A geologlcal Section along the dem~ax1s of the alLelnatlve damsite~

A is shown. in F1g —E 2 as Geologlcal Sectlon A ANV

© On the’left behk; the'middlelterrace Widely develops_with:e.thick
.deposit hhich'wae_eehetrated.by‘the core drilling B81-10 coﬁflrﬁihg
the bedrdck at'37 S:ﬁ ih depth Although the core dr1111ng B81 .1 was’
'drllled also on the mlddle terrace deep to 30 1t, terrace deposits of
51lt,sand and gravel etlll contlnued even at the bottom of the hole.
This w1de and thick overburden renders the alterdative dam31te—A lirtle
attractlve_compared with other‘alternatlves.' The. bedrock of the left f'

bank. overlain by‘the'middle'terrace consists of Sst Formation. .

: The boreholes'EBO 1 and B80-2 in the.riverbed, each of.which ‘was
drilled on the dam ax1s at about ‘a quarter of- the width of the rlverbed
from either bank reached the bedrock at 16. 2 ™ and 17. 8 n of depths' _
respectively In the central parts of the river channEl however, theﬁ

“bedrock appears to lower down to about 30 m of . depth, according to the
.interpretation of seismic refrac1ton prospect1ng in whlch the boundary
beLween velocity 1ayers of 2. 2 km/sec and 2.8 km/sec is deemed corre1a~

tive to the contact of the river deposit and the underlylng bedrock
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- In the area from the'river channelrtO'the'right bank, the bedrock
’ conaists of At 4 to Ms-8 Members of - Bst Formation out of which the
massive sandstones of MSmG and. M5w7 Members seem gome weak and the rock

_-of At-4 Member rather sound
4.9.2 Aiternative Damsiteeﬁﬁ'

A geological section along the dam—axis of the alternative dam51te~

B is shown in Flg.“E 2 as"Geological Sectlon B- B'"

_ A geotechnically favourable feature of. ths site is that the middle
terrace on the leFt bank appears to decrease in width compared w1th the
dam51te~A.d On’ the other ‘hand, the rlver gravel deposit may be thlcker
' than in Lhe damsite—A as 1nd1cated by’ the bottom of the 2. 2 km/sec
velocity layer of selsmic propsectlng : Whlle the borc hole BSl 11
_revealed the thlckness of the rlverbed deposit belng 30.5m at the centcr
dof the river on the dam - ax1s, the 1nterpretat10n of selsmic re[ractlon -
" ‘profile Siym 10 (along the dam ax1s) ShOWS the thlckest p01nt to be. thlrty
plus a few meters. It seems that the thlckness of the river gravel
.dEPObltS tends to 1ncrease downetream as suggested by the bore hole
B81-6 located about 140 m downstream Wthh d1d not reach the bedrock

- even drllled deep to 36 .m.

. ' The bedrock of the dam51te~B cons1sts of At Members and ‘Ms Members
of Bst Formatlon, except the left bank rim of ma551ve pebbly sandstones .
(Sst Formatlon) At 4 and Ms—4 Members overlaln by the riverbed deposits
.appear hard and sound in the core drllllngs BSl 13 and B81 lJ ~ Some
fractured 70nes of O 5. to 2.0 m in thickness ‘were observed in the core
drllling BSl~3 Wthh was drllled on the rlght bank 1nto the rocks of
At-3 Member. ' .

4.2,3-'AlternatiyedDamsite—C

A geologlcsl section along the dam axis of the alLernatlve damsrte—

G is shown in Fig.—E 2 as "G eologlcal Section C—C'”;
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The lower and middle terraces on the 1efL bank cover wider area -
in this site then in the alternative damsite-B; that is, 283 m as: _' '
against 234 m in the ‘site-B in width along the dam axis. The contact
of middle terrace deposit and underlylng bedroek appears To be at
~ EL. 200 m to 210 m as inferred by the bonndary between the 0 8 km/sec and
1. 8 km/see velocity layers in the interpretation of seismlc refraction
'proflle - 11 -

It seeins that the depth of the riverbed depoeit 1in the damsjtenC'f'
is not shallower than the depth in the 31te~B hecause the damsltemc is

docated 400 m downstream from the dam31te B.

The bedrock consrsts of the strata At 1 Member to At~5 Members as'
shown in Plg.uE 2. “on the right bank 1ntercalat10ns of thin sl1p

faulL clay are eommonly observed along bedding planes.'

_'Although the damsiteic is similar to the damsite—B in the features.
~ of bedrocks, terraces arid riverbed deposits, it seems not to be beLter
than the damslteuB in all of those features from the engineerlng

geological viewpoint..

4;3-'Engineering:Geology‘

Englneerlng geolog1cal eondltion of the dam81te is diseussed in
_tblS section, out of- whlch ihe sub- sections 4.3, h and, &4, 3. 5 about
phy51cal propertles,_strength,_permeeblllty and grout effectlveness are

essentially concerned in the hedroeks'for the dam’ foundation,
4,3;1 Unconsolidated Deposits

'(l)" TOp SOil-'

Thls 1s malnly composed of 511ty SOll and the thlckneSS is very
often 1w or less. Organic materlals are contalned. ‘This layer should

be removed_1n foundatlon excavation for dam,
(2).'Talus deposits
The Lalus de9031ts,jm1xture of uneonsolldated s0il and rock fragn'

ments, are loeally formed on parts of the slopes "This shouldibe also

removed from the dam foundation.
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(3 7Riverfden6sits
_ Sand and grsvel deposits filling the present river channel show
'approximately 200 m of width end 30 m or more thickness in the thickest
‘portion. The sand is generally flne. The gravels are of biotite horn-
blende quart? gneisses, quart21tes, schistose sandstones, slate and
fcaleareous rocks, well ronnded and hard Their sizes range predominantly

from 2 cm to 10 cm in dlameter and cobbles and boulders are often in-"
cluded.

The 1iver deposits can be deemed to have sufficient bearing capacity
for f0undat10n of outer shell zone of fill type dam However , for its high
permeability, imperviqus_eore-zene_ot fill_dam should be founded on the
bedrock_excseeting the river depesits, nr.otherWise a cut-off ﬁalldto:‘
reach the bedrock'has to be constrneted'throngh the river. deposits.

For founaation of concrete gravity dam, the river dep081ts shou]d be

excavated to the surface of the- bedrock

(4) Terrace deposits

This member develops on the left bank forming a belt which is -
'nearly parellel to the present river ehannel dnd coverlng the area of
“flat and_partly subsided bedrock surface_which was presumably an anclent.
'5river chenneiq"The-deposits eonsist of_eiay, silt;'send and-greﬁel.'
The:deppsits are-formed in the level higherfthan EL.180 m, with the
: maﬁimdm;thiekness'more'then 40 m and the‘width-froh 100 m to 450 m.
Geqtechnieeliy; the'terraee deposits'are.to”be dealt in the same way

as the river: gravel deposits.

©4.3.2 ReSidualVSoilﬁand Decomposed Rock

In: thlS zone the bedrocks are 1nten51ve1y weathered 1nt0 very soft
and friable condition and further 1nto the eondltion of _compact. s01l.

Inten51ty of alLeration tends to increase from boLtom to top of the zone.'
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‘this is extensively developed on the’flat hilljathL.ZAO'm to 250 m
on thehleft bank, with several meters to more than 10 m'ofhthickness. ci
According to the: soll teCLs for impervious core maLerlal of fill dam, the
. residual soil, reddish brown’ colored contains 15 o 40 percenL of clay
and up to 40 percent of sand, with considerable local variation of
parLicle size distribution presumably reflecting dlfference of the mdther
rocks Decomposed rocks are also found under the terrace deposit, as

‘was seen in the core dlrlllng B81 12,

‘The residual s01l “and decomposed rock zone are ‘not- competent for
foundation of concrete grav1ty dam because o[ 1nsufficlent strength
Tor foundation of 1mperv1ous core zone of fill dam also, thls zohe hds
, to be removed- because leakage paths are often 1ikely to develop along
dlscontlnuity in 1nten31ty of decomp051tlon to cause - piplng lt can he
foundation for the outer shell zone of flll dam, . Effect of cement’

grouting is dubious for this zome.

4.3.3 Weathered Bedrock-

The weathered rock. zone;:composed"of yellowish gre§ cOIOTEd;Weakened_
rocks, develops in the surfac1al parts of the bedorck and below the'
residual soil and decomposed rock zone. - Its thlckness varles locally,
from 1 m to 7 m. Generally it is. th1cker in the h1ghe1 parts of . the
'abntment SIOpes Occa51onally thls zone is lacked and fresh rocks are:-
exposed or are in dlrect contact -with unconsol1dated dep051ts (Drllllng
581 ll in the river bed BSl 9 through the terrace deposit; TG_l_and

other test groutlng holes)

'The weathered rock zone is not competent for foudnatlon of’ concrete‘m
grav1Ly dam, because of 1nsuff1c1ent strength Also in the parLs where
a fll] type dam is hlgh above: Eoundatlon, the weathered rocks are not
favoured as the cut=off works hy- cement groutlng would not be easy’ 1n
'this zone. Tt is good for foundatlon of outer shell Zones of fill dams

and for foundation of low fill dams
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CH.3.04 Physieal Properties and_Strength of;Bedrock

The results o[ laboratory roek tests are shown in Table E 3 17,
'which is self explanatory abont the physical properties and strengths

‘of rocks in solid test pieces without appareut craeks or. fissures.

Strenth of the bedrocks as a mass was, measured by means of the
'in—situ plete loading Lest and Lhe bloek shear test 1n the Lest adits
TA~1 and TA-2, As diseussed in the section 3. 7, modull of elastieity

(hs), moduli of deformatlon (D), COheSanS (To) ‘and ‘angles of 1nternal

friction (¢) were determined s tabulated below.

: ST =-I‘*Iodulu's'of Hodnlos.of Cohe510n Angle;of::
Rock .-~~~ Elasticity Deformation- ~ ' o+  Int. Frict.
o : Es (kg/cmz) D (kg/cmZ) (kg/tm ¢ (degree)

(1)  Massive pebbly . 1.6 x 104 - 1.1 x 104 9.0 ©ss)
" sandstone _ _ '
(2) lLaminated medium 2.5 x 10 1.1 x10% 9.0 - 50

. éandstoné - ' g o T
(3) - Massive medinm - 1.1 % 10% 7.4 x 103 8.0 . 40
' sandstone " : S '

(4) MddstOne'and.'-- - 'Notitested" - 6.5 .37

‘weathered rock

_' The bedrock on the dam axis A cons;sts of elght strata MS~5 AL 5,
Ms—6 At—6 Ms—? A7 and Ms 8 Member of Bst Formation, arranged from '
the rlght bank to the 1eft bank in order,'and the massrve Sst Formatlon

on the most - left 51de as shown in F1g ~E 2,

It appears that the strength of Sst Formation can.be represented

by the strength determlned on the pebbly sandstone tested .Hence,
-.l_Shear.strength : i? = 9?0 Q{Gjrtan.55°stkg/cm2):fdr Sst-FormatiOn.
_whgfé, "denotes.tne'eertical'strees'ln-kéjemz.
'Tihefro&ks=id"ns;5;.Ms~6,~Ms¥7 aﬁa'ms-é Membefs:réh be assumed to

Qbe'eqnivalent to the tested medium sandstone or laminated sandstone.

dAceordingly, '
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Shear strength LT = 9.0 +¢~ tan.50° (Rg/cmz)'
o T 8.0 + ¢ tan 40° (kg/cmz) K

i

“for the Ms Members=of’BSt:Formation.

The members At 3y CAt6- and At 7 comprise various kinds o[ rocks, ::.
'.such as calcareous brecc1as, sandstones, 81itstones, mudstones and - Lhin.
ﬁlntermediates. The At Mombers are very often- characterized by frequent
beddings -and laminations along which shear planes may easily develop,
while they comprise fairly large portions of hard calcareous rocks of
which compressive strcngths are 1.3 to 5 -times higher than the othel-
_'rocks according to the laboratory tests it is resulted from this con~
dition that the resistance agalnst shear in the At Members depends
largely on the shearing strength in beddlng planes or weakest strata :
such as mudstones. As for shearing along ‘bedding planes, the Situation.
~is deemed 51m11ar to that of the laminated sandstone, of which test gave
9.0 kg/cm2 of cohesion and 50° internal friction angle. Test in mudstone
resulted in 6. 5 kg/cm2 of cohe51on and 37% of internal frlction angle,
_whlch could be some lower values than actual, cons1der1ng the. shearlng
.p]ane 1n the test’ developed partly out of rock onto ‘the bottom of the
concrete test. block Wthh appeared to have been bound 1nsuff1cient1y Lo

the underlying rock

Accordingly, it is deemed that- the shear strength of the At Member

varies in the range between -

Shear strength T 9.0 44 tan 50° (kg/cmzy
| 6.5 +G7 tan 37° (kg/cm?)

1l

and T
From the above results; it will be'apbropriate to take 8.0 kg/cm2 _
.for cohesion (70) and 40°'for angle of 1nternal friction (¢) for Lhe'

. evaluatlon of safety against sllding of concrete gravity dam.’

The result is apollcable fo the alternatlve dam31te B- and -C as

Well because those damsites are s1tuated on the same. formations.
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4.3;5 .Permeability andfGrouting-Effectiveness of:Bedreck

_ Lugeon Lests (water pressure tests) for rock masses were done in
.112 sections of 17 holes ‘of which test results are shown in the Table—
_F 3. 9. As discussed in Lhe section 3.4, the bedrock of the damsite is
generally ma351ve and low in permeability as is indlcated by the fact
_that 67/ of the section tested shows 1ess than 4 Lugeon units of 1eakage.
. Seattered sections of more then lO Lugeon units cover only 17/ of the

tested ‘zone.

s The test greuting performed on the damsite B left bank;ﬁshows'tﬁat
the cement grouting in the holes arranged at two ‘meter is able to reduce
the permeabillty of the bedrock effectively and obtain the suff1c1ent
_water~tightness of less than 4 Lugeon units. The average grout take of
. the whole groutlng was 25, 4 kg of cement in welght per’ borehole 1inear

meter,

“E = 40



V. TUTURE _GEOLOGICAL INVESTIGATION

For the detail design phase, the following geologica] investigation

is considered necessary

5.1 Dameite

Since the depth of riverbed gravel shows noticeahle'local varlahce
ranging from 20 m to more than 36 m. 1n the middle parts of the rlver
channel more accurate confirmation is deemed necessary for the detail
design in the damsite selected. "The surface of bedrock overlaln by
terrace deposits also seems to be irregular and its more accurate shape -
is. required to be surveyed _ The foundatlon of maln appurtenant struc--
‘tures, such as the hlgh retalning walls, spillways, 1ntake structures,-'

. powerhouse,_etc . should also be surveyed to reveal the depth and to
assess the erength of_bedrock. For the above, core drilling with
.determination of permeabillty on the riverbed, terraces and foundation of

the main structurés is necessary.

For-performiﬁg.the:core'drllling, it must be taken into‘cohsideraQ:_
t10n that the drllllng of deep gravel bed is considerably diff1cult and
time: consumlng work and that the workable perlod for drllllng in the
.rlverbed is: 11mited w1th1n four months of. the low rlver flow season,
Ci.e. from December to the early Aprll accordlng to the experlence inrthe
investlgatlon for the: feaslbility study.. Therefore Lhe core drilllng
-_of the detail de51gn stage will need. two dry seasons, unless several

drlll rigs are:deployed.at.once.

The conflrmatlon of the shearlng strength and bearlng capaclty of
a rock mass at the - selected “damsite will be required for ‘the stabillty
_:analysis of gravity type concrete structures, partlcular]y ‘for the ‘
spiliway weir which is planned as ‘high as about 60 m w1th the w1dth of
126 m Therefore, test adlts ‘on- the selected dam51te are necessary to -

be excavated on: purpose to perform the in- sltu roek tests {plate load1ng

test and block shear ‘test) as well as to 1nspect the bedrock
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: It is recommendable to perform the laboratory test ‘on rock samples,

' which will give supplemental data ‘to the in -situ roek stxength determim
_nation.g ' :

Test trenches and Lebt pits are useful for examination of rock

condltion and. dlstribution as a supplemental means dn addition to out—

fcrops and drilled cores.:'

Test grouting is also recommended to obtain more detailed data for'

'the design of foundation grouting, although the Lest grouting earried :
out in the fea51b111ty study has showu that the grouting is effect1ve1y 

done and the grout take 1s not so mueh

' The geolovlcal 1nvest1gation items eon51dered neceseary are E
~as llsted in the follow1ng : Propﬂaed 1ocations of core drilling holes
and test adits are. Shown 1n,Fig —E 48 "FUTURE INVESTTGATION PLAN"

Investigatioﬁ Item E - ST Quantity-t
1. Coredrilling~ - S “20 holee -
y ST : 1, 000 11near meters in Lotal
'2..-Permeability test in the i"20 holes :
: ]boreholeS',t_},.__ P g180 stngee in. total
30 Test adit excavation - 2 adits

100 1inear meter 1n total
4. 'In Sltu roek test-;'

PlaLe loadlng test - ¢ 4 polnts

Block eheer test o o .16_biotke-
5;fffé$§’Eééﬁ;ﬁﬁég¢éva£iqn'fﬂ:“"';‘aﬁodtrqu'iineaf'meféfgiiﬁ'ﬁaﬁai
"’Laborawryrock rese opes. |
7:fﬁIeét}gtootinéf ; E'f e _*J_F:one;eite
’ R | 10 holes:

-:]500-linearvmetefs in:total..
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(1Y

(2)

(3)

'Other_Sites

Field reconnaissance 1s necessary in and along the quarry site,

relocatlon road and transmission line

_Geologlcal mapping is HECESSary in and along the quarry site,_

relocaLion road and transmission tower poian

:Core drilling and/or the Swedlsh welght soundlng (or the Dutch

double tube cone penetration test) musL be done’ where it 1s

considered necessary ‘in the fleld reconnalssance.-
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