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ABBREVIATIONS OF MEASUREMENT

Length

mm = millimeter
cm = centineter
il = meter

km = kilowmeter

ft = foot

yd = yard

Area

cm? = square centimeter

1§

m? square meter
ha = hectare .
km2 = square kilometer

volume
Cm3 = cubic centimeter
i = lit = litex’
k1 = kiloliter
m ='cubiq meter
gal.= gallon
ﬁeight
mg = miiiigram
g = gram

kg = kilogram
ton = metric ton

1b = pound
Time

s = second
min = minute
h = hour

d = day
y . = year

Yy =
a =
Hz =
w‘ .

kn =

My =
W =

Juay
o
i

o
D

i

OC C=

103 =

10% =
107 =

‘glectrical Measures .

Volt

Ampere
Hertz (cycle)

= Watt

Kllowqtt
Megawatt
Gigawatt

" Other Measurés

= percent :
=horsepower-

degree

= minute
second o
degree. in centlgrade

thousand
million
bllllon (mllllard)

‘Derived Measures

w'cublc meter per secondﬂi
- cubic feet per ‘gecond
=-million gallon per- day ;
= kilowatt hour

"Megawatt hour

‘Gigawatt hour f
= kilowatt hour, per year
 k1lovo1t ampere ' '
= British thermal’ unit

pound. per square 1nch._

‘ =,Ma1ay51an rlngglt
uss =

us dolldr
Japanése Yen:}



. Tength

. hrea

. Volume'

' weight

" Energy
Temperature

“ Derived. ..
- Méasures

“Local ¢
Measures

ol

e

el it =

CONVERSION FACTORS

‘1 kwh

1l ton

From Metric System
em = 0.394 inch
m = 3.28 ft ='1.094 yd
1L km = 0.62] mile
gcm2 = 5;155 s5q.in
w2 = 10.76 sq.ft
ha = 2.471 acres
‘kmZ = 0,386 sq.mile
cm® _='0.0610 cu. in
1it ©= 0.220 gal.{imp.)
k1. = 6,29 barrels
‘m3 . = 35.3 cu.ft
06 m3 = 811 acre-ft .
clg = 0f0353 ounce
1 kg = 2.201bH
1 ton = 0.984 long ton
© . = 1.102 short ton
= 3,413 BTU

°C = (°F .- 32}-5/9 .

1lom3/s . = 35.3 cusec
1 kg/cm® = 14.2 psi
1-ton/ha = 891 1b/acre
f106 m? = 810.7 acre-ft
i1 m3/s = 19.0 mgd
: 1 1it_= 0.220.gahtang
| kg = 1.65 kati
= 16,5 pikul

Po Metric System

17inch = 2.54 cm

1 ft = 30.48 cm

1 yd = 91.44 cm

1 mile = 1.609 km
1 sg.ft = 0.0929 m?

1 sq.yd = 0.835 m?

1 acre = 0.4047 ha

l sgq.mile = 2.59 km?

1 cu.ft = 28.32 1it’
} cu.yd = 0.765 m3

1 gal.{imp.}= 4.55 1lit
1 gal.{(Uus) = 3.79 1lit
1 acre-ft = 1,233.5 m°
1 ounce = 28135 g
11b = 0.4536 kg
1 long ton = 1.016 ton
1 short ton = 0,907 ton
1 BTU = 0.293 wh

°F = 1.8°C + 32

= 0.0283 m>/s

1 cusec 28
1 psi = 0.703 kg/cm?
1 1b/acre = 1.12 kg/ha
1 acre-ft = 1,233.5 m3_
1 ngd = 0.0526 m3/s
1 gantang = 4.55 1it
1 kati = 0.606 kg
1 pikul = 60.6 kg
Exchange Rate
(at the end of 1983)
USSl = M$2.312
= M$0.998
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1. INTRODUCTION

This Annex presents the results of a geological investigation which
was performed between December 1983 and March 1284 for the feasibility
study of the Beris dam.

A geological investigation for the Beris dam and reservoir area was
carried out between December 1982 and March 1983, as a part of pre-
feasibility study for proposed six dams under Part 1 Study. A surface
exploration was performed over the proposed damsites and reservolr
areas and 200 m of core bhoring was conducted in the Beris area among
others; 3 holes of 30 m each at the Beris Damsite 1, 3 holes of 30 m
each at the Beris Damsite 2 and 1 hole of 20 m at the Beris Suddle Dam-
site. The results of the investigation compiled in Annex J of the final
report of Part 1 Study show that the Beris Damsite 2 should be selected
to the Beris Damsite 1, where a fault was detected. Drill logs resulted
from Part 1 Study are incorporated herein.

The objective of the geological investigation under Part 2 Study is
to examine the foundation geclogy of the proposed Beris Damsite 2,
Beris Saddle Damsite and quarry site in sufficient detail for the
feasibility design and cost estimate by conducting a surface exploration,
geological drilling and seismic exploration. Out of 18 holes of 520 m
in total length of drilling, 11 holes of 310 m in total length for the
main dam site and an alternative quarry site were financed by the
Government of Malaysia and the remaining 9 holes of 210 m of drilling
and 2,100 m of seismic exploration were undertaken by JICA.

Further, drill logs, scismic exploration results, and results of

water pressure test and water head falling test are shown in Appendices A
to p attached to this Annex.

G-1



2. OUTLINE OF FIELD INVESTIGATION

2.1 General Description of the pamsite and Reservoir Rrea
e is located in a narrow valley of -the Beris

The proposed Beris damsit
Tefe 1.6 km upetream of the conflu-

river, a left tributary of the Muda river,
ence of the Muda river and the Beris river.

Nami, Sik and -Gurun c¢rosses the Muda

A paved road linking Blor Setar, : |
- her. road branching off the above-

river near Nami. An unsealed all-weat : >
- mentioned road near Nami travels on the left bank of the Muda river and _
leads to Kg. Kuala Beris, which is located near the confluence of the Muda
river and the Beris river. The right abutment of the proposed Beris dam

. is accessible from Kg. Kuala Beris through a jeepable road on the right-
bank of the Beris river. : : '

The reservoir area extends on a hilly rggion on the'southeast of the
damsite with peaks ranging from El. 200 m to El. 450 m. ‘Upstream area of
the proposed reservoir is featured by mildly undulating terrain of low.
reliefs, involving a eastern part of the Alor Setar - Nami ~'§ik - Gurun road.

 The damsite and reservoir areas are situated in the geological
province of Triassic Semanggol Formation, which consists of - sandstones,
shales, gritty sandstones and conglomerates. Intrusive rock Qf’granite ig
encountered in the upstream end of the reservoir area. A geological map
of the proposed damsite and reservolir area is shown in Plate 2.

The sandstones are light grey, grey and bluish grey coloured;, fine
o medium grained hard rock in fresh conditicn. Some are highly siliceous.
1f weathered it is discoloured to yellowish brown, white, and sometimes
purple. : '

. The shales are grey to dark grey coloured and moderately hard in =
fresh condition. They bear latent cleavages in' common in similar orienta-
tiohs as the bedding plane and are apt to break along those cleavages when
shocked. However, as 4 mass, they are fairly strong and not very flaky.
~ They are weakened and discoloured to yellowish brown, reddish brown and
white by weathering.

The gritty sandstones and conglomerates are rather minor rhembe'rs' in
extent, but they are well developed in the vicinity of the dam site.. The
gritty sandstone is largely composed of angular to sub-angular particles
of rock fragments, grey coloured in general, medium grained and very hard.
The conglomerate is made of angular, sub-angular and round fragments of
chert, argillaceous rock and quartz, ordinarily of granule and pebble size,
with the gritty sandstone.as matrix. It is characteristic that the éQQre—-
gate of many angular to sub~angular rock fragments are in small size and
in various colours: While conglomerate is the term of custdmary usage for
this member, the term of polymictic lithrudite has been given appropriately
by Pech Lay Hock, Geological Survey of Malaysia {1974). ‘Relation'betwéen 
the gritty sandstone and the conglomerate is very often gradual transition.



_ Sandstone and shale alternation covers widely the reservoir area.
The lenses of the gritty sandstone and conglomerate are exposed in the
vicinity of the damsite and on the right bank of the Charok viver, a
right tributary. Mt. bada Avam (El. 447 m) on the:right bank is composed
of the same member,

Geological structure of the reservoir area shows roughly north to
south trend as presented in general strike of the bedding planes, though
censiderable deviations are observed. Rip of the strata varies in gradient
and direction. It is believed that the boundary between the upstream
granite zone and the Semanggol Foxmation is a fault contact of northeasterly
"and. east-west trends. Also, a probable fault runs northwesterly through
the saddle dam site at 500 m north of the main damsite. '

~ Although the slopes in the reservoir area appear to be covered with
thick residual scil, these slopes are generally of mild inclination.
It seems not probable that any rapid land slidings of large scale may
jeopardize the safety of dam and reservoir. Wo evidences are observed for
possibility of leakages through bedrock in the reservoir rim, which is
sufficiently thick.

2.2 Surface Exploration

A geolbgical surface exploration resulted a geoclogical map in scale
of 1/10,000 covering the mainsite, saddle damsite and alternatives of
quarry site, and one in a scale of 1/1,000 covering the main damsite and
one in a scale of 1/1,000 covering the saddle damsite. Plates 3, 4 and
8 are reduced compilations of  the maps.

2.3 Core Drilling

In Part. .1l Study, two alternative damsites were proposed; the present
main damsite was called the Damsite No. 2 and the other silte located
750 m upstream of the present main damsite was named the Damsite No. 1.
Three holes each 30 m deep were drilled at each damsite; one in the left
aputnent slope, one in the bottom of valley and one in the right abutment
slope _ One hole of 20 m in depth was located at the bottom of the saddle.
The results Of core drilling showed that there is a guite probable fault
which passes pamsite No. 1 and the saddle damsite. It was then judged
that the Damsite No. 2 {+ saddle dam) should be selected to be Damsite
No. 1, because. the treatment of the fault, though it is not difficult, is
supposed to be easier for a lower saddle dam than for a higher No. 1 dam.

In Startlng the core drilling in Part 2 Study,'lt was planned that the
whole drllllng of 250 m for the main damsite would be. undertaken by the
Government and. that of 90 m for the saddle damsite and: 120 m for a quarry
site would be undertaken by JICA.

The proposed guarry site (Quarry'l) was located on the upper slope of
the left abutment of the main dam. ' Bore holes in this site, however,
showed that the rocks are heavily weathered to a depth of 40 m or more.

]
I
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gth only were drilled in this Quarry Q1 and

The hoiessof 57 m in total len ; :
: 03, which was

two holes of 63 m in total length were d;illed in Quarry
selected 200 m downstream of Quarry D1.

op' of the hill between the

A possible.qﬁarry'site_wa$ Found on the't
' ouarry 92 and two holes of

main and saddle damsites. This site is named
30 m each wers drilled as-an additional undértaking by the Government.

All thé bore holes except those at Damsite No. 1 are listed in -
Table 1 and .their logations are shown in Plate 1. Table 2 shows the work
quantities performed for core drillings, standard'penétration tests,
permeability tests and installation of perforated PVC pipes. In Part 2
Study, 18 holes of 520 m in total length were drilled. Out of these,

11 holes of 310 m in total length were undertaken by the Government and
7 holes of 210 m in total length were undertaken by JICA.. -

Drill logs obtained in Part 1 and Part 2 except those for Damsite
Mo. 1 are compiled in Figs. A-1 to A-32. : S

2.4 Seismic Exploration

Seismic exploration was carried out at the main damsite, saddle dam-
site ‘and Quarry Q1, 4s summarized in Table 3. The seismic exploration:
lines werée 10 in number and 2,100 m in total length. Their locations are
shown in Plate 1. ' ' ' :

The results of seismic exploration are shown as travel timé~distaﬁce
curves and velocity zone profiles in Plates B-1 to B-11.



3. THE MATN DAMSITE

2.1 Surface Geology

The river channel of 20 m in width adjoins mountain slopes of 30°
on both banks. It froquently exposes bedrocks such as gritty sandstones
and conglomerate, ‘while river deposit is thin on a rapid slope of about
1/100. _NQ sign of fault is found out.

There are small scale talus dep051ts near the brooks whlch are
located 50 m upstream and 250 m downstream of the proposed dam axis on
the left bank. On the other hand, there is no. brook but gritty sandstones
and conglomerate crop out to a great extent on the right bank.

Tr1ass1c Semanggol Formatlon of grltty sandstones and conglomerate,
sandstones,'alternatlons of shales and fine gralned sandstones is
overlaln_by AlluV1al deposits in the rlverbed

_ Grltty sandstones and conglomerates are domlnant in the main .dam-
51te contalnlng many fragments of ‘slate and quart?lte of, less than 2 cm
in: dlameter. They are highly re51stant to weathering because their
matrlces and fragments are hard and well cemented. Sandstones are also
hard and resistant to weatherlng, derived from coarse grained quartzite.
Shales occur in far remote area from the main damsite (for geoclogical
map, refer to Plate 4).

Bedding plane strikes N45E and dips 20NW, approximately'parallel
with the left bank slope. Joints develop at intervals of 2 m to 3 m in
parallel with and perpendicular to the bedding plane.

3.2 Subsurface Geology of Main Dam
Geological profile of main damsite is shown on Plates 5 and 6.

There are six p-wave velocity layers in the main damsite, according
to the results of seismic exploration. They can be correlated with density
of materials in general. The density is closely related to the weathering
conditions of rocks. The p p-wave velocity represents average density condi-
_tion of: the subsurface materlals. Accordingly there are some parts where
the veloc1ty cannot be related with boring core samples.

'_The'yelocity'layer of 0.3 km/s:corresponds to the topsoil of
extremely . soft, unsaturated clay ‘containing rock fragments. It covers
‘top 1 m in depth of slopes, tending thicker in higher part of slopes.
Rlverbed and other areas of outcrops of sandstone and conglomerate lack
'thls layer. The velocity layer of 0.6 km/s corresponds to the residual
SOllS of very stiff clay containing many rock fragments._ It is located

- under the topsoil in a thicknéss of 1 m to 2 m. The velocity layer of

1.5 km/s corresponds to 1 m to '3 m thick upper weathered zone of
stroagly weathered rocks accompanled by frequent cracks and joints, or
saturated sand and gravel layer on the riverbed. The velocity layex of
2.0 km/s to 2.5 km/s corresponds to the lower weathered =zone, .in which
rocks'apﬁear fresh but they are weathered to involve many latent cracks.



reases to 10 m to upper

This layer is thin of 1 m but thickness inc
ction 1.5 km/s to 4.0 ku/s . corre-

portion of slopes. The velocity layers of
spond to fresh rock zone of alternation of gandstone, conglomerate an§
gritty sandstone involved joints rather frequently. The p~wave_ve1001ty
of 4.0 kin/s is limited to the right bank, where gritty sandstones are

almost monolithic with joints tightly closed.

ced on the proposed dam axis,

jes of Part 1 Study are also
EM-10, BS-2, BM-8, BM-5

1 and BM in Part 2).

Line E of seismic exploration was pla
on which 3 boreholes were drilled and 3 ho
closely located. The number of holes are BS~3,
and BS-1, ‘from the left to the xight {Bg: drilled pPart

. Rocks in BS-3 are solid, hard and almost fresh conglomerate inter-
calated with thin sandstone layers.. . Top 2.7 m in depth consists of
topsoil and completely weathered soft conglomerate, underlain by inten-
sively weathered layer of conglomerate to 3.65 m. Below these_sections
'hard:conglomerate and sandstone are recovered exéept weathered'zones_Of
8.0 m to 14.7 m, 15.5 m to 17.5m, and 25.6 m to 28.1 m. ‘In BM-10 -
topsoil and residual soil are in the section of 0.0 m to 2.16 m. Below
2.16 m hard consolidated conglomerate and sandstone are recovered. BS5-2
near the riverbed confirmed thin soil layer for 1.05 m'below the ground
surface. There obtained fresh conglomerate, sandstone, and gritty
sandstone below the above section. BM-8 in the riverbed conflrmed fresh
conglomerate and gritty sandstone in the whole drilled sections except
thin river deposits. Topscil and residual soil are recovered: from thé'
section of 0.0 m to 2.45 m in BM-5. Below 2.45 m, hard conglomerate and
sandstone are recovered. Thin residual soil for 0.9 m is confirmed in
BS-1. The section below 0.9 m is predominantly hard conglowmerate zones.

Subsurface condition along the dam axis is summarized from the result
of seismic exploration and core boring as follows. The foundation rock
of the proposed dam is composed of the layers of conglomerate and gritty
sandstone (Ch~Cl based in Table 4), sandstone and gritty sandstone
(Ch—C1), and alternation of conglomerate and gritty sandstone (Ch-Cam) .
These formations have a monoclinal structure, dipping 10° to 15° from the
left abutment to the right abutment. o

- The right abutment is dominated by the conglomerate aﬁd griity sand-
stone.  Conglomerates, gritty sandstones and sandstones are developed
alternatingly along the river channel and in the left abutment. '

Depth of weathered Zones increases with height of the abutment:slope.
The weathered zone is thinner near river channel in general. The total
depth of overburden, topsoil and residual scoil, ranges betwéen-O.G m and
2.2 m on the left abutment and between 0.9 m and 2.5 m on the right
abutment. ‘ S S ST

The bore holes BM-7, BM-8, BM-9, and BM~12 are located along:thefriver '
channel. River deposits are confirmed in these bore holes, ranging in depth
between 0,3 m and 1.5 m, The conglomerate and éandstone.below the riverbed
are fresh and bhard except for partial fractured zones. i i B



3.3~ Subsurface Geology of Other Main Structures
Geclogical profile of other main stractuie ig shown on Plate 6.

The seismic exploration line A is along the assumed diversion tunnel,
The velocity of p-wave is classified into five layers like along the main
dam axis, as shown in Table 5. On this seismic exploration line three
bore holes, BM-4, BM-5, and BM-6, were drilled. The recovered core samples
from these bore heles are mostly hard consolidated conglomerate and hard
sandstone with 100% of core recovery and nearly 100% of RQD. (RQD is
defined in Dage GA- l )

'Tne seismic exploration line D crosses the toe portion of’ the main
dam. The p-wave velocity is also classified into five layers like the
main dam axis. Three bore holes of BM-9, BM-11, and BM~12 were drilled at
the toe:portion of the main dam. From these bore holes the formations of
conglomerate, sandstone, gritty sandstone;, and alternation of sandstone
and conglomerate are recovered. The recovered core samples show 100% of
core recovery an more than 50% of - ROD. There are.some poor RQD portlons
partly because of fracturing of the bedrocks. However, as the fracturing
is limited into small parts, the general condltlon of. the foundatlon rocks
is 3udged to be stable.

The seismic exploratlon line C is located on the slope of the left
abutment. This line is to detect general subsurface condition on the left
abutment, .assuming dn alternative alignment of the diversion .tunnel.

The p-wave velocity along line ¢ is also classified into five layers as
other ‘exploration lines.

On the seismic line ¢, only one bore hole (BM-10) is located. The
‘recovered bedrocks from this bore hole are conglomerate, and alternation of
SandStoﬁe'and~gritty-sandstone. The core recovery of this bore hole is
100% and RQD ‘is more than 70-80% in general. Although the recovered
cores are. fractured partly, general core condition in fresh, hard, and
well consoclidated. - :

' 3.4 Permeability of the Foundation Rock in the Main Damsite

‘- pistribution of permeability along the main dam axis is shown in
Plate 7. "~ Rather high Lugeon of 25-26 and 20 are confirmed in the sections
'hétween‘l7 m and 25 m and between 30 m and 35 m in BM-8. - The other high
Lugeon values of 530 and 400 are measured in a shallow zone, which is
fractured and-weathered, in BM~10. Except these high Tugeon units, the
rEmaining Units are small being mostly below 10. Consequently the
permeability of the foundation rocks on the dam axis is generally very
small, but the relatively pervious zones are detected in BM-8.

On tha okher hand, the distribution of permeability of the foundation
rocks along the river charnel is changeable. High Lugecn values of wmore
than 100 “are measured in the sections between 15 m and 20 m in BM-9 and
between 20 m and 30 m in BM-12, corresponding to fractured zones.



there are three bore’ holes
by packer method in these
£ loose shallow zones.

~ Along the selsmic exploration llne A,
BM-4, BMwS, and BM-6. - Ingeon values measured
bore holes are tess than 8 except the zones ©
Bedrocks are in 1mpeIVLous COndlLlOn generally. .

Along the seismic exploratlon llne D, there are three borehqle, BM-9,
BM-11, -and BM-12. The measured rugeon values are less than IQ generally.
However, Lugeon values in the sections petween 15 m and 23 m in BMHQ?

15 m and 20 m in BM-11, and 15 m and 30 m in BM-12 exceed 20. _Bspecially,
in the sections of 15-20 m in BM~9 and 20-30 m in BM—l? Lugeon” values
exceed 100. These sections of high Dugeon values correspond to heavily
weathered and fractured bedrock zones. Sprlng water was observed at the
depth of 25 m in BM-12. This spring water probably implies disturbed
zones; faults or fractured zones, through which watex leakage pose high

Lugeon values.'

Along the seismic line C, there is only one bore hole, BM-lO
Permeability of the bedrocks is small of less than 10 in Lugeon unit except
" that the zones shallower than 10 m in depth have Lugeon units more than
100 because of loosened condition by weathering. The bedrock deeper than
10 m seems to be very hard and stable. : o S

3.5 Engineering Interpretation

Surface and subsurface geological conditions are investigated by
means of surface exploration, core drilling accompanied by bore hole
permeability tests, and seismic exploratlon

The foundation rocks of the main dam are alternation of: conglomerate,-
- sandstone and gritty sandstone, which have gentle dipping from the left
aputment - to the right abutment and from the upstream side to the downstream
51de. :

Topsoils and residual soils are thin of 1 m to 3 m in_géﬁerai.
Weathering also does not develop deeply into the foundation rocks; less
than 10 m in general. '

Judging from the obtained results, a concrete gravity dam should be
built on the top of lower weathered zone. The required average excavation
depth will be 7 m in the left abutment, 5 m in the rlght abutment, and
4 m in the riverbed section respectively.

Tf a £i1l type dam is selected, the fouhdation of impervious core
also should be the top of lower weathered zone, but the shell zone can be
placed on the top of upper weathered zone.

Permeablllty of the foundatlon rocks is: small generally, and the

zones of relatlvely high Lugeon values can be improved by ordlnary cement
grouting. .

aAs for conﬂolldatlon grouting, ordlnary method and quantlty of
grouting will be sufficient for the foundation rocks.



4. SADDLE DAMSITE

4,1 surface Geology

'The proposed saddle damsite is located 700 m northeast of the main
“damsite. The height of the saddle dam is about 15 m above the ground
surface. The slopes on both abutments are mildly inclined and covered by
top5011 and residual soil with thlckness of 4 m to 10 m. :

The bedrock is composed of areno-argillaceous sedlmentary roeks of
Semanggol Formation. Sandstone is largely developed on the left abutment,
while alternation of shales and fine sandstones predominates on the right
abutment  {for geological map, refer to Plate 8).

4.2 Subéﬁrface Geology

Geologlbal proflle of saddle damsite is shown ‘on Plate 9.

Seismic exploration along tha saddle dam axis dlstlngulshed five
Veloc1ty layers under the ground, as shown in Table 6. Competently solid
‘foundation rock zone is represented by the layers with seismic wave
velocity. not less than 2.0 km/sec. The other layers overlying the above
are correlated with badly deteriorated rock zone and soil overburden.

Four core borings, BSS-2, BSS-3, BRS-1 (PART 1), and BSS-4. from the
Teft bank to the right bank, were carried out along the assumed saddle
~dam axis. ‘Alternations of sandstone, conglomerate, and shale are recovered
from the bore holés BSS5=2 and BSS-3, which are located on the left abutment
and central part of the dam axis. Only alternation of shale and fine
sandstone is confirmed in the bore hole BSS-4, on the right abutment.

_ “The recovered core samples are in poor condition in general:. RQD is
almost zero and the core recovery.is often very low, especially in the
section below 10 m in the bore holes BS8S-3 and BRS-1. Very weak shale and
sandstone are recovered from this section,

“Low velocity zone is not found out at the middle part of the dam axis
on the time-distance curves; however, the recovered core samples from the
bore holes BSS~3 and BRS-1 are very weak and very likely to suggest the
presence of a fault zone. On the other hand, a low velocity zone was
identified in the left abutment, suggesting the presence of another fault.

4,3 Permeablllty of the Foundation Rock in the Saddle Dam51te

Results of the bore hole_permeabnllty test are presented in Lugeon Map
in Plate -10.: Permeability shows rather low values in general; lower than
15 Lugeon unit in the most tedt sections. Only three sections out of
twenty one indicate higher value ranging from 28 to 56 Lugeon unit, of
;which two sections are located deeper than 20 m in the sandstone on the
left abutment and one is in the depth of 15 m to 20 m in the shale and
sandstone alternation on the right abutment. The inferred fault zone and
the Superficial weathered zone indicate rather low permeability, presumably
because of clayey material included.



zone 1is deemed due to open cracks

The high permeability in the deep
d rather easily with cement groutlng

in fresh hard rock, which can be treate

4,4 Enginéering Interpretation

Inten51ve weathering 1is developed to the depth of 5 m to 12 m on the

left abutment and 5 m to 8 m ‘on the right abutiment. Foundation excavation
for 1mperv1ous core zone of the rockfill dam should be performed up to the
above depth, below which lies solid pedrock of the lower weathered Zone.
Excavation For shell zone of the dam will be required to. the depth ; of only
3 mon an aVeTage, or to the top of the upper Weathered zone.

. Relatlvely peyvious sections were found out’ in the permeablllty te%t
in the bore holes BSS-2 and BSS- ~4. The maximum pexmeablllty is 56 Lugeon
unit in the depth of 25 m to 30.m in BSS-2. These high permeablllty
through open cracks in hard rocks can be 1mproved rdther ea31ly by means

of conventional cement qroutlng

Though : the bore,hole permeablllty tests 1ndlcate low Lugeon values
in the lower wealthered zone on which the 1mperv1ous core of. the fill- ~-type dam
will be placed, -it is still possxble that some water passages. exist at
places. Blanket grouting with short group holes at few-meter 1ntervals is
recommended to protect the impervious core base.

The fault zone encountered by the bore holes BSS- 3 and. BRS—-1 should
be treated by conérete plugging and grout'ng. This zone could c0n51st of
several minor faults,. considering that it was not. caught by the seismic
exploration. - The similar treatment shall be applied to the inferred. fault
on the right abutment, too, which was identified as a low velocity zone
in the seismic exploration. '
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5. QUARRY SITE

The qparry Q1 site is located on. the upper half of the left abutment
slope of the main damsite. Seismic exploratlon of 2 lines and 400 m in
total length and core drllllhgs at two spots were conducted in this quarry
site. The quarxy Q1 site con51gts of conglomerates and sandstone which are
thlcker than 40 m and 1ntenslVely weathered The seismic wave velocity of
the weathered rock zone is 1.5 to 1.9 km/s.

The Rock Quality Designation (RQD) of core drilling was only 20 to 30%
for both BO-2 and .BO- 3 bore holes.f The core samples taken from these bore
holes show that the rocks are very cracky and badly deterlorated by sub-
surface weatherlng.

Consequently, ‘it was Judged that the rock materials in the quarry Q1
site were not suitable for concrete aggregate materlals (refer to'Plate 11).

The quarry 02 site is located on the rldge of El 130 m to 150 m
between the main dam31te and. the saddle damsite. It is about 200 in distance
from the saddle damsite and 500 m from the main damsite. Core drilling was
'conducted at two spots in this quarry site.

N The Q2 site con51sts of malnly conglomerates while a sandstone layer
‘with 5 m in. thickness is located about 20 m beneath the ground surface.
The results of core drilling show that the thickness of topscil is as thin
‘as only 3 meters and hard fresh bedrocks are encountered immediately beneath
~ the top5011 The core samples of bedrocks in the bore holes BOS-5 and BQS-6
were cyllndrlc w1th almost 100% of core recovery and hlgh RQD.

- The quallty and quantlty of the bedrocks at the quarry Q2 site are
.Judged to be satlsfactory both for concrete aggregate materials of the main
dam and its ‘appurtenant structures and for embankment materials of the
saddle dam. Consequently, the quarry 02 site would be given with the first
prlorlty as the quarry site for the construction of the Beris dam (refer to
Plate 12)

: _.The_quarry_Q3'Site is located on the left bank slope of the Beris river .
" about 200°m downstream of the quarry {1 site. Core drilling was conducted
at two spots in the area at about El. 90 m in height. Geology of the site
consists of two bedrock zones, sandstones with thickness of 20 m from the
ground surface and conglomerates develop:ng beneath the sandstone zone.

The th1ckness of tOPSOll 1q abhout 3 m.

) The quallty of sandstones is relatively hard and less cracky compared
“with that of’ the quarry Q1 site.  The conglomerates are;’ hOWever, 50 cracky
that’ cyllndrlc core samples. were hardly obtained. The efflClenCY of excava-
tlon in"“the quarry Q3 site will be poor, . though the quallty ‘of rock materials
is much better. than that of the quarry Ql. The quarry 03 site is, therefore,
given with’ the second priority following to the quarry 92 (refer to Plate
13).
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6. TFUTURE INVESTLIGATION

Now that the general COﬂdlthﬂS of qeoloqy and geotechnlcs for the
Project have been clarified, addltlonal investigations for the detailed
design in the future should be made only for’ confirmations of geotechnical
details and check on the spot to meet a Final layout of the structures.
Ttems and quantities for the future lnvestlgatlons are proposed as follows

(1} Core drilling

Sadale damsite: 4 verticéllholes; sach 30 m deep
' ' "2 inclined hole, 60 m lonq :

“In view of varied geologlcal cohditions in. this’ s1te, rather frequent
changes in rock faces and ex1stance of faults, drllllnq at shorter

1ntervals are recommendable

Quarry 2 and 3 sites: © vertical holes, each 30 m deep
for furthex conflrmatlon

Brldge sites for relocated road:
8 vertical holes, each 20m deep _

{2) Test trenching

Saddle damsite: 2 trenches, each 30 m long, depth up to the
top of weathered bedrock

'This shall be performed for in s$itu observation of the faults, as
well as observation of weathered rock and overburden.

(3) ‘TPest grouting
Main damsite: 6 vertical grout holes, each 30 m deep
Saddle damsite: 6 vertical grout holes, each 30 m deep
{4) adit excavation and in situ rock test
Main damsite: adit;: : 2_adits;_éach 30 m long
' Rock test: - Block: shear test ' 4 blocks
Modulus of elastlclty 4 spots
These tests are made for confirmation of design values for shearlng

strength, modulus of elasticity and- modulus of deformation of the
foundation rock, that are crltlcal fox design of concrete grav1ty dam.-
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Sampling and laboratory test

Laboratory rock tests for drill core samples from the main damsite
and quarry site, including density test, absorption test, compression
test, measurement of Young's modulus and Poisson's ratio, tensile
strength test and abrasion test.

Laboratory soil tests for undisturbed samples of overburden in ‘the
saddle damsite taken from the test trench, including grain size
analysis. Atterberg limit test, unit weight test, triaxial test,
consolidation test, permeability test.
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Table 1 LIST OF BORE HOLES

Boring No.
drilling length ~ Ground Height
( {m) ) {El. m) Coordinate X Coordinate Y
0 Main Dam
BS - 1 (30) 94.76 19,444.97 37,027.68
2 (30) ' 51.92 19,349.33 37,027.20
3 (30) 92.90 19,279.60 37,027.15
BM - 4 (15) 58.93 19,411.14 37,073.08
5 (30) 76.73 19,400.88 37,017.38
6 (15) 57.95 19,350.94 36,944,93
7 (20) 50.75 19,372.08 37,048.08
8 (50) 50.27 19,369,011 37,027.99
9 (30) 51.29 19,358.44 36,999.38
10 (30) 70.87 _ 19,323.60 37,041.92
11 {30} 51.52 19,336.91 37,005.79
12 (30) 50.67 19,341.79 36,983.58
0 Saddle
BRS ~ 1 (20) 69.76 19,910.88: 37,428.13
BSS - 2 (30} B87.93 19,861.98 37,372.40
BSS - 3 (30) 71.14 19,903.48 37,405.01
BSS ~ 4 (30) 91.33 19,964.41 37,482.39
o guarry :
BQ - 1 (33) 89.28 19,191.96 36,910.68
2 {22} 195;44 19,045.51 37,065.50
3 (39) 192,71 19,043.23 37,015.54
4 (30) 77.21 19,196.49 36,815.43
5 (30) 133.33 19,698.69 : 37,199.36
6 (30) 143.51 19,813.77 37,227.80



Table 2 . QUANTITIES OF CORE DRILLING

- Borxing Dxilling *1 5.P.T. PermeabllLLy Perforated
"No. (nos.) Length (m) (t;mes) Test*z Umms}P v.C, Plpe(m)

Main dam site (BS 1}*3 (30)*3 - (1)*3 ey *3 . (30)*3
(B 2)%3 (30)}*3 (1) %3 (5) #3 : -
(BS 3)*3 {(30)*3 (2)*3 (6)*3 (30) *3
** BM 4 15 L 3 : -
%X BM 5 .30 2 6 - 30
** BM b 15 1 3 15
** BM . 7 20 ~ ! -
** BM 8 50 - 10 -
** BM 9 30 1 6 -
** BM 10 30 1 6 ‘300
*% BM 11 . 30 1 6 -
** BM 12 30 = 6. -
 Sub~total _ 9 250 7 50 - 75
Saddle dam (BRS1)*3 (20)*3 - (3)*3 (3} %3 ~ L
BSS 2 30 3 6 S 30
BSS .3 30 ' 3 = 6 30
BSS 4 30 3 6 .30
Sub-total 3 90 9 18 ‘90
PQuarxry site BQg 1 33 - - -~
BO 2 22 1 - -
BQ 3 235 1 - -
BQ 4 30 1 - -
*% BQ 5. 10 1 - -
*% BO 6 30 1 - -
Sub-total 6 : 180 5
‘Total of : : . _
part 2 drilling 18 520 21 . 68 . - 165

Total of Part 1 (1983), _ o _
Part 2 (1984) 22 630 28 : 88 : 225 -

Remarks: *1: S.P.T. = Standard Penetratlon Test
*¥2: Water Pressure Test .of. Water Falllng Head Test
*3; (Part 1 Boring work in ]983) S

*%: Financed by the Government of Malaysia
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Table 4 CRITERIA FOR ROCK GRADE CLASSIFICATION® .
Core
RQD Recovery :
Grade Description (%) (%) _Remarks

a very fresh in litholegic character probabiy 100 " Very- good prepexty
Constituent minerals are not weathered more than  as:.conecrete dam
and altered at all. The rocks as a 70 “foundation (héight
whole are very solid and densely haxd. 60 m+} and rock fill
Few cracks are seefn. : dam coré foundation

{height &0 mt)

B Fresh in lltholoqlc character. Consti- more than 100 Very good {(the same
tuent minerals are little weathexed and . 50 : as ‘the above)
altered. ‘The rocks as.a whole are sol;d
and densely hard. ~Cracks are sparsely
gseen, with cleose adhesion.

CH almost fresh, solid and hard in:litho- more than 100 Almost good - (the
logic character. Among constituerit 30 same as the above)

minerals, feldspars and colored. min- :
erals are slightly weathered ‘and’
altered. Cracks are seen con51derably.

Crack walls are mostly colored, but

. closed adhesion. Long eylindric cores.

¢y Generally a little weathered and alter- 20-30 more than Almost durable :

) ed in litholegic character. :Constitu~ 80 - property as rock
ent minerals, feldspars and colored £ill dam core =
minerals are weathered, often being foundation (height

. brown. . Cracks are open with thin 60 m+} and concrete
matetlals. Short eylindric cores. dam foundation
rRocks often collapse by a strong :

_hammer hlow.

CL Constltuent minerals are consxderably zero about Not_appropriaté.but
weatherad. ~Rocks are as a whole hrown . 50 . sometimes durable
‘or reddish brown. Cracks are open and “‘or less . property as rock
contain clay or weathered materials. £i1ll dam -foundation
Rocks often collapse by a light hammer abutinent
blow. Alwmost fragment coves.

4] - Constituent minerals are considerahly zero " Often ‘Bad
weathered or- altered and sandy ox drilled by

no-water

<layey portions are often seen.
Cracks are unclear. Generally rocks
are soft and friable. Often drilled
by no water drill.

Remark; *-.

of Electric Power Industry of Japan..
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Layers

Table 5 RELATION OF SEISMIC VELOCITY LAYERS
' AND GEOLOGY AT MAIN DAMSITE

Geologlcal - Thickness

;_(km/s). Condition’ {m) : " pescription
0.3 Topsoil " _ =] Not-exisfing'iﬁ.the riverbed.,

S Widely distributed in higher parts
of the slopes. Extremely soft,
unsatulated clay 1nclud1nq rock
fragments.

0.6 ﬂ'Residual'soil E_ 1 -2 Not ex1st1ng in the rlverbed.
' L ' Very stiff clay 1nclud1ng many rock .
fragments. :
1.5 Uppé;'wéatheréd 1 -3 Water saturated sand and’ gravel on
' ‘zone or Alluvial - ' the river., - Strongly’ weathered rock
at the river bed with clay’ a}ong cracks.
- 2.0 - 2-5i‘:Lower weathered 2 - 10 "Very thin layer beneath the river
o : zone - : ‘beds. Wldely distributed beneath
B ' ' the higher: parts of the slopes.
‘Apparently  similar to fresh rock,
but developing the latently cracks
by weathering.
3.5 © Fresh rock Zone - :3.5 km/s layer extends from the
4.0 "

left bank and nearly to the river.
4.0 km/s layer develop at the
right bank. Fresh rock.



Table 6

RELATION OF SEISMIC VELOCITY LAYERS

AND GEOLOGY AT SADDLE DAMSITE
Layere Geological ThiCkness G
{km/s) Condition {m) Description‘
0.3 = 0.35 Topsoil 1 -3 Thlckly developed on the left. bank
' and rather thin on the: right bank.
Extremely soft and unsaturated clay
1nc1ud1ng rock fragments :

0.6 Residual soil L -4 ThlLkly developed in the left bank

' : while thickness is 1 - 2 m in the
right bank. Very stiff clay
: includihg many rock fragments;

1.5 Residual soil 2 -.10 :Extremely Stlff clay 1ncludlng many
and "Upper . rock fragments. Strongly weathered
weathered‘zone rock 1ncludlng clayey zone along

cracks. -

2.0 Iower weathered 5~ 15 _Thlckly dlstrlbuted 1n the 1eft

~zone ' bank, while 5 - .10 m in the- right
bank. Apparently similar to the
fresh rock, but’ developlng the
latently cxacks by weatherlng

2.5 Fresh rock zone - The 2.5 km/s layer is wide~ pread

3.5 The 3.5 km/s layer developes only

in higher parts of the slopes in
‘the right abutment. Fresh rock

includes many cracks. -
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