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PREFACE

_ In résponse to the request of the Governrent of Malaysia, -the
'Governﬁent'of Japan decided to conduct a feasibility study on the Tekai
Hydro-electric Power Development Projeéct and eantrusted the study to the
Japan Interaational Cooperation Agendy (JICA). The JICA sent to Halaysia
é'Sutvey téam headed by Hr. ¥Xeéiichi Takahirva from March 1, 1981 to
December 15, 1982,

The team exchanged views with the 6fficlals concerned of the
Governeént of Halaysia and conducted a field suivey in the Tekai Project
aréa, in Pahang Staté. After the team returnéd to Japan, further

studfes were made and. the preésent réport has been prepared.

1 hope that this report will sexrve for thée devélopment of the
Project c¢ontribute to the promotion of friendly relatlons between our

two countries.

1 wish to express my deep appreciation t6 the offtlcfals
concerned of the Covernment of Malaysia for their clese cooperation

extended to the team,

Tokyo, August 1983

¢ Kelsuke Arita .
President !

Japan TInternational Cooperation Agency



- i m
K . Ln e
. . " o
cw ol
- R
. "
i W : .
IR .- . - :.
J. ﬂ. . [
o - . o
ot ! o : - .
i . an a
1 ’ ' - !
. : » '
, -~ ¥, .
. . X .
PR :
. ! ey ' o f
. [A L
. : » |
- ) .
il al N
. L. i ' r ‘
B . .
a . . - ‘. !
. . . . “
S , ' a
- .
~ - .o ! ' A . .
. . \ ] )
E ’ Wt e
N - . N : ; o -
. . . .
M ' . .
: . " s . ‘
e i N
. " ~ .
: . - -
. R N o . -
. . . w ‘"
- " e . .
" . . . o
“ N v .
. v . . I N L
. . . .
B - . . . " -
. . -. B "
: ' v -
p " ,_ T hd
V. . I o [
v it . ey -
. Al -
' n
- . : - .
! B
- .- N
- ' Tt '
. . o
B




The'feasibility study report is composed of the following volumes |

Executive Summary

Volume I Haln Report

Volume IX Suxrvey

Volumé IiV. 'ﬁydrology

Volume IV Geology

.Volumé v Geology Appendix |

Volume V ' Design and Construction
Planning

Vblumé—VI Drawings

Supplementary Data Estimated Construction Cost
and Unit Price






5.4 SEISMIC PROSPECTING

CONTENTS

Page

IHiRODUCTjOH --------i-ao-bn-cnnao-.-ﬁ-i-..-i.--dé-(.fnn......

(OUTLINE OF GEOLOGICAL INVESTEIGATION & +soctevosicsssssnssuasns

z,1 INVESTIGATIOW ACTIVITIES

-io;no.-aaoi.t.--.--anuo----in.--

'2 2 ITEM OF GEOLOGICAL IHVESTIGATIOY f et eibibesiaterndn i

REGIONAL 'IOPOGRAPHY AND GEOLOGY sAseiiesebiresniireansesticais

3 1 TOPOGRAPHY -c--o.t-.lloonisn--ou--l-l-.couto-.i-l.-.--a--

._ 3 2 GEowr'Y.‘-l-C-_IIDICII.I.II-IIIIllllblllblldl..lIlllil..l.
'ngLOGY.b? THE Uﬁﬁin QITB C;“ligb;i;.-;.t‘!;:;nnliit;li‘;-it"

%}1‘ Topdékﬂpﬂf;io;;uo.iii;;loéii.iin;ni-ki;;;;-:ogi-;;|;hi-.n.
'6-2 GEOLOGY{i;iih-i-a.{-.i.lilinai--;iiiiwlb&ai,-iini;tfinta-

4.3 DRILLIKG AND PERMEABYLITY TESTINGs s esscsniosssennsuinions

(4.6 SEISMIC PROSPECTING...ssrvearsrcrinsssinsnssnbisassonnns
4,5 TEST PITS...............................................,

GEOI.!X;Y OP THB IDE&'ER SITB ----&--..--&..n---.s........i.......

.5-1 TOPOGRAPBY ...-6..---------ij---i.diiiniiié-.oo-----1-i---
5.2 GEOLOGY “vvvesiseewsdsiiibnniviniibivoiisnasbonnvansfosaans

5.3 BRILLING AND PERMEABILITY TESTING ieacccesiscsiciinsnnain

ibsiesssasensssenrssndanserenbornarne

o SOIL ESTING -'-----_-7-_-'---i‘.o.nrcau-n-o-ooé--q-i.---y---..n-éo-.

ROCK TESTING l'.“!l.il‘l‘ililll-l-tol.t‘l.’lb-liiisig‘.l--il.Il..u.a‘

EWINBBRIN GEOL(K;Y ASSESS-!{EN‘T R R N N N N I I R I O O SO AP

8.1 ]JPPER D«\H SITE cialsaln.bllnooiittc&c.oa..uo--.nn-cnan---

-832« COVSTRUCTIOH HATERIAL FOR UPPER DAH‘i-!li!n--l-------lﬁnn
83 MRMSITE -lll“.lllll.I.I..Illlllllll..llll.l...l.l

8 ﬁi CO\STRUCTIOY HATERIAL FOR LOWER DAH T T T

REFERE!“CES .I‘.l;lriliiﬂii.l.l‘-,‘-C.l.ll..o.l.‘u-ncItllllnlll.l'.

7

7.

15

15

15

21
21
21
25

32

35
a7

37

37
4i
47,

19
81
105 .

105 .

112

116
120

12z



Table ~

2.2

2.3
2.4
3.1
4.1

4.2

4.3
4.4 .

4.5

4.7

4.8

69
4.10
411
4.2
5.13
4.14

4.15

4.16

517

4.18

5.19
W

'Quality Classification of Pbundation Rock

Stratigraphy of Upper Tékai Site ......a............a........

Thickness of Héathered Rock for Core Hateria}

Ratio of Shale and Sandstone

LIST OF TABLES

Title

In‘VEStigation Hérk ‘sche‘ddIE. .'a‘i‘i .7. ".‘ o’- ase's '- . de a L] .:. L ‘ ‘ l N .‘.";i“

‘Quantity of Ceological Ia;eéfigatioﬁ*;;;.;;i;i..;.:;.::;1;;;.

Gl‘ade Of "eathering .aa-.q--.i-.---..--io---bdvb-t-aac..ruii-aa-

s b appibasrr et ebbda

Stratigraphy of the Tékai River Basin ..................;....

L

Quanl:ity of ) Dri!ling RO:K art Upp_er Bam Site cue . rribeaas . i- .

Quantity of Drilling Work at'Uﬁpét Quétry ahd_qufbw Afeéﬁ.;.

. Thicknéss. of River Bedeépoéits at Upper:Dém ﬁi{é sedEaesiane

Thickness of Top $oil and COmpletely Heathere& ROCK vueiaias

":Remarkable Cracky or Clayey Zone at Upper Dam Siter..........

sdtesvbdbridoabnsea

Pras b sbbasvessdoviasbosntvinnans
- " S8 E -

Quantity of Sefsmic’ Prospectiug Rork ‘at Uppet Quarry '
and Borrow Avea .-o--n-L-----..--ut--aa----a----c.loo.cno--al

Relationship betweeﬁ Seismic Velocity, Heathering and
Rock Classification ..-l.lb.nllllllll.o‘lil.tl.i-ulliodlllili

Thickeess of Top Soil and Drganic Soil (Site A) tiesisadinaas

Thickness of pr Soil and Organic Soil (Site B) S ETTTPRIS I

Stratigrap‘hy Of Lower Tekai Site-oo'.g'inno‘unun- IiIcI!‘llIlr!iliill 7

Page
A
14
9
10
20
24

s
21
27
28
28 -
29

29

a3y

32
33
33
_34,
S

50



Table
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9

5.10

5.1

5.12

' 5.13

6.1
6.2
6.3 .
6.4
6.5
6.6
6.7
_}Ql
7.2

8.1

8.2
8.3
8.4
8.5
8.6

" Thickness of River Bed Deposits at Lower Dam Site

Title
Quantity of Drilling Mork at Lower Tekal Site............,

Quantity of DPrilling Work at Lower Quarry Site (Site C)

>

L N N NN

Thickaess of Top Soil and Completely Weathered Rock.......

Pemarkablé Cracky or Clayey Zone at Lower Dam Site  .......
Ratib 6f Shale and SandStONe seosissiscvsiiavnanndannsnana
Ratio of Rock Classification {Sandstone)

Pasasasnabdbbeidierw

Outline of Lugeon Value at Lower Dam Axis

Aarsdaswsdensansea

' Depth of Under Ground Water Level from Ground Surface.....

Quantity of Seismie Prospecting Work at Lower Dam Site....

Quantity of Seismic Prospecting Work :
at LOHei Quarty'Site (Site C)................}a..-..a.a...

List of Test

-oon--l---n}-oi--d-ii-d--noo----L;i---b-a---.
Uaified So21 Classification CHATE «veunsennssonevasennsones

RESUlt 6f Soil TESti.d.-nnulib-oi.-oiu-.c-i----n-n--h--.-a

Résult of Soil Test (P-1 A P-17) ...uuiinenninineanansas.. App.

Result of x}Réy Ahalysis..;.;....a........................
Eaxrth Manual, Prqpériies Of SOLES caviiiunicriininananes.
Example of COre HALerSals .eenervuneeersnnrsrunnesessnnnss
Quantity of Rock Sample . iuviuvrsnsisannicsniiasrannsssena
Result of Rock Test;.;..............;,....................

List of Depth of Rock Classification of
Foundation Rock

Y rasabasiasasniet b rn PR RN AR RN EbENB b

.-Pfoposed Excavation Pepth of Upper Dam (Rock Fill Dam) .i..

:Excavétion Depth of Upper Dam (Concrete Gravity Dam) cece..

ReShltS-OE Rock Testing--........{...--.....;.............

1ist of DEpth of Rock Classification of Fowndation Rock ..

Page

41

42

42

43

43

44

45
Sumnary of Perméability for Borehole (Lower Dam S$ite)....App.

192
45
46

47

48
51
59
68
206
72
75
78
81

84

106
107
13

114

117

Proposédrzxcavation Depth 6f Lower 2 T T 118



Table Title Page

8.7 . Results of Rock Testifig {S1te& €} . ouiiesvivevidiviunses 120
8.8 Résults of Rock Testing (Sfite D) .o uiiiiiivaiivesans . 121

Figuores and tables of the.symbol "4" in this réport aré éolleécted

in “Geology Appendix”



Figure
‘1.1
1.2

- 3.1
4.1

4.2

: 6.3

4.4
4.
4.6

4.7

4.8
4.9

. Location Map of Project Site (S

LIST OF FIGURES

Title Page

Location Map of Project Site (S

i}

1/1,000,000)........ 3

[}

1!63,300)&.--!‘:-.-.- . 5
Outline of Geology in the Sungai Tekaf Area ...iv..se. i9
Lithologic Map of Upper Tekal Borrow Area (Site A) ... 4pp.1

Lithologic Hap Of Upper Tekai Dam Site .ae .:a s -:- e aarwi Appaz

. Litholegic Map of Upper Tekal Quarry and

Borrow Avea (Site B)

n-o-ooh---.----.a--.-.---..ai----App.3

Lithologic Profile of Upper ‘i‘ekai Dam Site creseanaans App 4
Geological Hap of Upper Tekai Borrow Area (Sité A).... App 5

Geological Hap of Upper Tekai Ban Site sisivesessances ADp. 6

' Geologlcal Map of Upper Tekal Quarry and

74.10_

411
4.12

4,13

T

&35
5.1
5.2 -
5.3
5.
5.5
5.6

Borzow Area (Site B)

..------.-in...--.-.-;--i-.-¢.ua- Apf).?

Location HMap of Upﬁer Tekai Dam Sibe ... . evesiiioons Ap‘i,;g

Locatian Map of Upper Tekal Borrow Avea (Site A) ..... App: 9

Location Map of Upper Tekal Quarry and - © s
Borrow Aréa (Site B) ...i............................‘App 10

' Geologicai Log of Upper Site ............-..........-App 11

Seismic Prospecting (Upper Dam Site) ................App 106

Seismic Prospecting (Upper Borrow Area: Site A) «v i APD. 109

" Selsmic P‘rosoe-ot.iog "(l}-p';{e.t Quarrry-‘ and

Bottowﬂrea: Site B) -:-i';'l’s-'.'bnioo'ioi'toi-o&io--.itanaéppclll

TeSt PitHOIe - (;301081‘331 ’-403 i‘--iu'-‘& .Ancoiil.)inanl@p-llﬁ

Li thO]OgiC Hap OE L-O'-‘er .Tekai l)am . Saaw i"- FRrart sinan -APP- ]-31

. Lithologic Map of Lowéer Tekal Quarry Area (Site €) ..App.132

Lithologic Profile of Lower Tekal Dam Site .,:..i....Appil33

Geological Map of Lower Tekal Dam Sité tesseiesaees cApPp.134

_ C'eologic'él Hap. of Lower Tekai Quarry Area (Site €) ;.App.135

o

BT S

_location Map of Lower Tekal Dam Site ...i...iivics...App.136

Location Map 6f Lowér Tekai:Quariy Area (Site C) ,...App.137

._..V-_



Figure ‘ Title Page

5.8 Geological Log of Lower Site R R P Apﬁ’;h&
5.9 Setsmic Prospecting (Lower Dam Site) i.ivviiisvisiaass App.203
5.10 Seismi¢ Pr(‘sspect'mg (Lower Quarry Area: Site €) ....., App.205
6.1 _ Distribu.t'i-:m of Specific Gravity viviniinrivdsiinninnne 5
6.2 . - pstribution of Natural Moisture 'C'Onient . .';'.;.-.f.“‘ cee O BG
6.3 _ .. Plasticity Charl:.s‘. R
6.4 Grading .=.....‘.-;'..a...‘...-..'.a-...".ait'i.a.-.'s"‘.f'.:'.'.;..'.;;.... R Y]
6.'5 a (Distribution of 7!1 pm Retained ._..-.....‘.-..‘...s...‘....- 62
' 66 . . I-'.oistute Oontenl: - Perineability, Density Relation pesas | 63
6.7 o Distribution of Haximum Dry Densit) ..a...‘. ..a-.’......... -":"64
68 7 ‘ Relation of Hopl: and Yd Hax Hn A Hopt Relation isiesess B &5
6.9 MR WOPE ReTAERON 1.uvesiseiiisisiiessiteiinasansenes &7
6.10  Chart of X-Ray Analysis ......iie.eiivuerisearsvannsess Abp.223
6&11- .. Grading (Compared with Another Site) B 71
7.1 Specific Gravity (Dry Speciten) .....iseieesesevesesss - 86
7.2" percentage of Water AbSOTpLION ....ieveveiisiiieienes 81
7.3 ’ a Unconfined Oampression Strength B 88
74 ) I-}’odules of B!asticity Dynami(‘ ...........'...;s.......... 39
?S .“.--Poisson Ratio Dynamic ........‘...................-..:........ 7 ng-o
7.6 Ultrasénic Wave Velo::ity P. ﬁave .".-‘...’.-; 2ok .:ar.l'.-..-;...'..._.. 'igl
7.7 .. Ultrasonlc Wave Veloclty S Wave i.ivivvsaiebeevionnveas @082
7.8. . Specific Gravity (Dry Specien) ...t iveseviahseseess - ‘03
_ .9 . 'Pércentage.of Water Ab's‘otptibn’ Al o9l
7.10 .. Unconfined Compression Stréngth A L A 1
7.11. . Yodules of Ela.StiC'i.ty.D)’ﬁa!ﬁC Ve ibeeihen it b aniee © 96
7.12 . poisson Ratio Dynamie ,,f.iisieaaisess ;~.‘;'=.:'.~'.L".a;‘;.. ceée Q7 |
7.13 - Ul&as’oﬁic Rave' Velocity P Wave - i.%i.id R ."i‘a"':a’a.;. ess - - TOR
7:14 Ultrasonic Rave Velocity S Wave i..i.i44. Viedns Fad seean . ‘%9

._..vi_.



Flgure
7.15
116

117

8.1

8.2

3.3

‘8.4

8.5

8.6
8.7

8.8
8.9

8.10

8.12

8.13
'8.14

8.15

3.16
8.7
' 8.18

8.19
- 8.20

. Upper Tekal Dam Site :

Title Page
~ Relationship between Density and Water Absorption ..... 190
Gs, P. of H.A, and Weathering Relation (Sandstone)..... 101

Relationship betweea Primary Wave Velocity and
Unconfinéed Compression Strength .u..ocivsnsrssssnsessnee 102

'>Geoldgi¢él frbfilé'of Upper Tekai.Dam Site .ovivneen.s App.235

Percentage of Over CH Class Rock of
'o-l-‘.d-i-:‘n-i-d:lp'-.'-ani-.'a-i-.‘----ApP.?}ﬁ

Lugeon Map of Upper Tekal Dam Site ..;..a.;{la;;aa;....App,23]

Geological Profile of C - C Section
(Peastock and Power Station) ..ivevinvciicivasivocaaass App.238

Ceological Profile of B - B Section (Spillway) -:......App.239

Geological Profile of G - G Section
(Alternative Spillway) .....evveriiiiinenviiveranseasens App. 240

Geological Profile of D - D Section

- {piversion TUnnel) -'-'----.'-'--ouitsa--i-i-.&-h-‘--t--i---A?p.zﬁl

Geological Profile of Cofferdam .........a.........;...App,zaz
Ceological Profile of Upper Tekal Borrow Area (Site A). App.243

Isopach Map of Weathered Zoae of Upper Tekai
Borrow Area (Site A) ..cvcieenrercacsrcrasonsnnecnnanns App. 244

Ceological Profile of Upper Tekai Quarry and
Borrow Area (Site B) .. ... .. iiiicaiiiaaiiiceannnicenns App.245

Isopach Map of_Heé;hefed Zone of Uppér Tekal Quarry
and Borrow Area (Site B) .ii.cviiivesciiancivesesnnneis App, 247

Geological Profile of Lower Tekafl Dam Site..veesanseons Appi248

Geological frbfile'ét B - B Section (Overflow Section). App.2549

-Pércéntage of ngf Gy Claés_kock of
) l‘)wer Tekai Dam Site nu-o.------l-na.--on.n‘.on----‘d---.App.zso

Lugeon Map of Lower Tekai Dam Site .uueeviicesrevsseios App.251

Ceological Profile of C - € Section (Power Station).... app.252

_Geological Profile of Lower Tekal Quarry Area (Site €). App.253

I1sopach Hap of Weathered Zone of Lower Tekai Quarry Area App.254

Location Map of Lower Tekal Quarry Area
(Site D: Altematl\’e Qual’fy Site)lllll.lllllll.ll!!lll App.zss

— N —



Figure : Title Page

. 8.21 . Plan of Outerop LoeaLALY A soiveesrbsasssidaicivecens App.256
. 8,22 . Geolopical Profile of Quterop Locality A';a:.bi;......ﬁgg,isa

8.23 Plai of Outcrop Locality B .....;.i..li:..Q;aﬁ.a.;... .App.258
‘é.ﬁh ' Geologzcal Profile of Outcrop Locality B RETTRRTTRRRYY.: - 2 259

Pigures and tables of the symbol "' in"thfs report’ are collected
in ""Geology Appendix" ' :



LIST OF APPENDIXES

Appendix ' Title

4. . GEOLOGY OP THE UPPER STIE

Fig. 4.1 Lithologic Map of Upper Tekai Borrow Ares (Site A)
Fig. 4.2 Lithologic Map of Upper Tekai Dan Site

Fig. 4.3 Lithologic Hap of Upper Tekaf Quarry and
Borrow Area (Site B)

Fig. 4.4 Lithologic Profile of Upper Tekai Dam Site
Fig. 4.5 Geological Map of Upper FTekai Borrow Site (Site A)
Fig. 4.6 Geological Map of Upper Tekéa Dam Site

Fig. 4,17 Geological Map of pret Tekal Quérry and
:  Borrew Site (Sitée B)

Fig. 4.8 ' Locatidn Map of Upber‘Tekal Dam Site
Fig. 4.9 Location Map of Upper Tekai Borrou Area (Sxte A)

Fig. 4.10 Llocation Hap of Uppet Tekal Quarry and
Borrow Area (Site B) ' :

Fig. 4.11 Geological Log of Upper Site .

lTébie 4,11 Suznary of permeability for Bofehole (Upper Dam Site)
fig; 4.12 Séismic Prospecting (Upper’ Dam Site) -

?13.' 5.13 Seism;c Prospectihg‘(Uppér B&rroh Site: " Site A)

Fig. 4.14 Séismic Prospécting (Upper Quatry and
) "Borrow Site: . Site B)

Fig. . 4.15 " Test:Pit Hole - Geolbgicél=£og“

5. _ GEOLOGY OF THE ﬁbwzﬁ éITB

.Fig. 5.1 Lithologlc Hap of Lower: Tekax Dam T

Fig. 5.2 Lithologlc Hap of Lower Teka1 Quarty Atea (Site C)
Fig. ‘S;SVZILithOIOgic Profile oi Lower Tekai Dam Site

. Fig.’ 5.4 Geological Map of Lower Tekai Dam Site

Fig. 5.5. Geol&Qicai Map of Lower Tekai Quarry Avea (Site c)
Fig. 5.6 Location Hap of Lower Tekai- Dam Site

Fig. 5.7 Location Hap of Lower Teka1 Quarty Area (Site C)

_lx_



Appendix . Title

Fig. 5.8 Geological Log of Lower 5ite

Table 5.9 Summary of Permeability for Boreholé (Lower Dam Site)
Fig. 5.9 Seispic Prospecting (Lower Dam Site)

Fig. 5.10 Secismic Prospécting (Lower Quarry Area: Sité C)

6. SOTL TESTING
Table 6.4  Result of Soil Test

¥ig. 6.10 Chart of X-Ray Analysis .

8. ENGINEERIHG GEOLOGY ASSESSHBHT
Fig. 8.1 Geological Ptofile of Upper Tekai Dam Site-.-s

Fig. 8.2 Percentage of Over Cy Class Rock of Upper Tekai Dam
- Site Upper Tekai Dam Site

Fig. 8.3 Lugeon Hap of Upper Tekai Dam Site

Fig. 8.4 Geologlcal Profile of C - C Section
{Penstock and Powerx Stataon)

Fig. 8.5 Geological Profile of B - B Section (Spillway)

Fig. 8.6 Geological Profilé of G - € Section
' {(Aterpative Spillway) .

Fig. 8.7 . Ceological Profile of D - D Section
(Divérsion Tunnel)

Fig. 8.8 Geological Profile of Cofférdam -
Fig. 8.9 Geological Profile of Upper Tekai Borrow Aréa (Site A)

Fig. 8.10 Isopach Map of Weathéred Zone of
Upper Tekai Borrow Area (Sitée A)

Fig. 8.11 Geological Prof11e of Upper Tekai Quarry and
Borrow Area (Site B)

Fig. 8. 12 lsopach Hap of Heathered Zone of Upper Tekal Quarty
and Borrow Arez {(Site B) =

Fig. 8.13 Geological Profile of Lower Tekai Dam Site
Fig. 8.14 Geological Profile of B - B Section (Gverflow Section)
Fig. 8.15 Percentage of Over Gy Class Rock of .

Upper Tekai Dam Site

_x_



Appendix

Fig.
Fig.
Fig.

Fiat
Fig.

Fig-
Fig.
Figc

Fig.

.16
8.17
8.18
8.19
8.20

8.2}

8.22.

8.23

8.24

Title
Lugeon Map of Lower Tekaf Dam Site
Geological Profile of C ~ € Section {Power Station)
Geological Profile of Lover Tekai Quarry At¥ea (Site C)

Isopach Map of Weathered Zone of
Lower Quarry Area (Site ©)

Location Map of Lower Tekai Quarry Area
(Site D: Alternativé Quarry Site)

Plan of Outcrop Locality A
Géological Profile of Quterop Locality A
Plan of Outcrop locality B

Ceological Profile of Outérop Locality B






RS - i e et e SR el
T R N ai VT W AT e

B o T R PR Ce T e T
AN S e K e S '






1. INTRODUCTION

The Tekai Hydroelectric Power Developrent Project has been planned
for the lower reaches of the Tekal River, a tributary of the Tembeling

River of the Pahang River Basin in Pshang State of West Halaysia
(Fig. 1.1).

The proposed site for the project is in the northern tip of Pahang
State, situated in the mountains of the Tréngganu Coastal Range., ‘The
site is_édjacent to the southern border of the Taman negara {National
Paxk)éndllie§ some 150 ke té the northeast of ‘the capital, Kuala Lumpur.

The Tekal Hydfoeiéctrié Power BeveloPment_ProjECt consists of two
proposed sites ( the upper and lower sites ) within the project avea in
the lower reaches of the Tekai River ( ¥ig. 1.2. ).

AS shown in Fig. 1.2, a geological investigation of thé two seleécted
dam sites {the uppe¥ and lower dan) and four quarry and borrxow areas were
conducted with the fatent of c¢larifying the geological condition of the
areas and obtaiﬁing basic data for thée Pevelopment Project. The results
of the peological investigation have beén coﬁﬁiled in this réport.
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2. OUTLINE OF THE GEQLOGEICAL INVESTIGATION

2.1 INVESTIGATION ACTIVITIBS

For the first ;tage,:geological Yeconniissancés were conductéd in
March, 1981 around the project site to férmﬁiate a préliminavy site
investigation plan. 1In thé méantimé, basic geological data were
collected in cooperation with the Geologleal Survey of Malaysia.

The ptélimiﬁar§ sité'inyestigatién was c¢onducted for:fiveimoﬁths
period from June FO'Octohei, 1981. This investigation consisted pafnly
of geological reconnaissance drilling work and seismic prospecting.
-The geolbgicai survey reconnajgsaﬂceithé whole areéa 6f the pthje#t site
(dém, spillway, power station, borrow, Quariy, etc.). The drilling work -
including permeabilicy testing was exécuted along the center lines of

the upper and thé lower dam sites, The measuring lines of selsmic

: prospecting wére set so as to covér thé upper aﬁd the lowéy dam sites.

The dét;iléd sité investigation was conductéd in order to obtain
more detailed infbfmétién, in addition to the résults of the préliminary
investigation. Th{s investigation consists mainly of drilling work,

seismic prospecting, pitting work and laboratory testing for rock and .
soil samples., ‘These¢ worksé were executed for eight nonths period from
May to Decémber, 1982 At ‘the detailed investigatlon stagg, the drilling
points weré sét at the locations for main consttuction structures and
construction matetials, and the lines of seismic prospecting covered the

borrow and the quarry areas of both sites.._

Theé follouing “Table 2. 1 shous a summary of the activities of the |
: geological investigationé.
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2.2

1TEM OF GEOLOGLCAL INVESTIGATION

The folloiwing are the items covereéd by the field work and

laboratory testing. Quantities are listed in Table 2.2.

(1)

Geological Reconnaissance

Reconnaissance was ‘carried out by engincering geologists who focused

“‘on riverside areas with good outcrop ¢onditions, observing the

(2)

areas' rock varieties and geéological condition, 1In addition to
clarifyihg the geological condition of the dam site and surrounding
aréas, the geological feconﬁhiSSa;ce‘fesulted in the selection of
dquarry and borrow areas also.

Drilling and Permeability Testing

Drilliog and—permeability testing weére carried olt -in order td gain
a grasp of thé geodlogical ﬁfopérties of the basic rock of the'dam
and pain structures and of the quarry and bDIrOH areas, and also

to obtain basic data for planning foundatlon treatment for the dam.

Drilling was. conducted at ¢76(RX)m/m on an all-core basis. The

following ‘subjécts were observed and measvred.
a: Rock Raoe

b: Color

¢: Grade of Weathering -

.Grades of weathéring were:based on the sténdaiés iﬁ Table 2.3.u

Table 2.3 Grade of Weathering

Gradé“ ﬂeétheiing . SR Desctiption

~ftéshrﬂr- :: ho visible detet;oration.

T

Slightly . _B:oin_limonite staining aloﬁg cracks, but
weathered ' -|..pleces of NX core are fresh..

111

_H&?efgiély-_ Conslderably altered but pieces of NX corxe
- weathered, . caandt be btoken off by hand.

IV

-;uighiyi;' 1 Pieces of NX core are ainost completely
weathered ,_alte!ed and ¢an sonetimes bé broken off
: by hand. -

Completely | Sample disiategrates when placed in water.
weathered .




Core Conditions (Visual Description)

Contains a description of crack conditions and frequency,-

core form, and 50 oOn.
R.Q.D.

R.Q.D. is defined as the total of all cores of at least 10 ¢m
referente Ko,.6)7}
against the unit leagth of the drilling " .. This is obtained

by means of the following formula,.

' R.Q.D. = 531

L : Length of drilling unit (100 ém)
1i: Length above core léngth 10 cm .

.Core Recovery

. "Réck Classification

g
VRock classificat1on was determjned dn the basis of the standards
fn Table 2. ﬁ ItEES a - § were judged as a whole, howevar, and
avaluvatéd éollectively for their sufeability as foundition for
a dan. B e o RIS
Table 2.4 Quality Classification of Foundatfon Rock
Classification Chafacééfiétics

‘Rock-forning minérals avre frésh and ot uéatheted
A or altéred. Joints and’ cracks are very closely
adhéred with no weatheving aléng their planes,

A clear sound is emitted vhen hamyeted

Rock—formlng minerals are Heathered slightly or 7

B partially altered, the rock béiag hard.  Jolats

and éracks’aré CIOSely adhered A clear sound _
is eaitted when ham;ered Co ] T

Rock-foéroing ainérals dre weathered but the’ rock
18 fairly hard. The bond between rock blocks ts
$1lightly réduced and each block is apt” 1o be I
éxfoliated atoag’joints and cracks by’ stréng

C.H' _ hamnering. . Joints and eracks somtimes ¢ontain :
clay and other eate¥idl which imay be. colouted by
lizmonite. A slightly dull sound is eniteed when
hanrered, _ o _ L ;




Classification L CharacterlstiCs

. Rock-foraming minerals ave weathered and the rock
is slightly soft. Exfoliation of the rock éccurs
' c along joints and cracks by normal hammering.

Mo , Joints and ¢racks sometimes contain clay and |
other material., A somevhat dull sound ig emieted
when hammered, '

Rock-forming minérals aré weathered and the rock
" 1s soft.  Exfoliatfon of the rock occurs along
. €, - . | -Joiots and cracks by light hamrering. Joints and
- cracks contain clay. A dull sound is emitted
- when hanméred.

Robk-forming miderals are weathered, and rock ' is
_ . very soft. There is vi¥tually no bond between
. D _ rock blocks, and collapse occurs at the slightest
| harmering. ' Joints and cracks ¢ontaian clay,
A very du11 sound is énitted when hammered.

(Source' Standards for Ceological Investigation of Dam Foundations,
J.N.C.1.C. on Large Dams)

h: Lugeon Value and Permeability Coefficient

Thé Lugeon value 1{s the value obtained by injeéting pressure
water into a test hole at an 1nject10n pressure of 10 kefcm?
lirand converting the volume of in]ected water (llmin.) into the

_amount per i m of fhe length of the test hole. 1his is a
-widely used method of evaluating the permeability of rock
i foundation for a da-. Héasureaent was genetally cattied out

o on test segaents of 5 n in Iength.r

" When cgnfronteﬂ_with’crgcky rock; .wEatheied rock, or other
cases fn which the injection pressure did not reach 10 kg/ea?®,
"thé'iugeon value was obtalded by means of the follcwing formula.

Ut = 10 (0p-a,) 1 (e By

CLutiConverféd Lugeon value
Q : Ianjected vélﬁmé (1/min.)
P : Injection pressure (kg/ca?)
| O Length Of:test segoent (@)

—_ “i .




f_ The permeability coefficient K (cm/sec)
Pressurg Gauge

_ R was obtalned by the following fo?ﬁulé.
A rump , - -
Po  Q L NP P
K= 9w ';n r
H.— R - ‘ - . . . ;;}
2 _ o "Lkt Leagth of test
=11 H{Cround | segmént (cm
Hater Level _% ; .( ) o
‘ - ‘¥ : Deflling diameter (em)
R e ’ . .
1 Po: Hater préssuré at
" ghtrance (gfem?)
o Pt feét:périod water
._[.._....: F1Packer
i . 7 “ :_presSure (g/ca?)
LT i SRR ¢ N P0+H1+LIZ
I -Hﬁ ..: L ;f(dﬁ_underground vAtay level)

(ii) P = Po + HZ (underground water
level exists)

k: Permeability Coefficient (cmfsec)
Q: 1Injected volumé (¢mi/sec)

(3) 's‘eis-'mo; Pios}iéc’:ting

Seismic ptospecting was carried out using a 2& component refractive
vavesexsmograph ﬁor civil eﬂgineering. Dynamite vas Lsed at the
shot pOIntS. Pbasuring lines were implemented so as to cover the
entire progect area.A The intention of the sﬂismic prospecting was
to determiné the rock's ‘seismic wave propagation velocity, estimate
the properties of the rock (according to the arrival time bf séismie
waves) and to obtain basic data fof géological énalysis.

(4) Test Pits
Test pits were dug at the selécted borrow area in order to gain :

a grasp of the geological propertles of the area as core matérial.
Sarples wére also collected for laboratory testing._

{5) Laboratory Testing

i) Rock tGSting', ,

Basic rock testing was ¢é£ried out using a dfilliﬁg ¢ére. Thisg

testing enabled the investfgators to make a rough evaluation of

the sultability of the rock as foundation for the dam and as construétis

-2 —



material (rock material, concrete aggrégate). The following
subjects were covered by the testing.

Specific gré#i;f,.ﬁerceﬂtage of water abSOfption
+  Ultrasenic wave veloefty
Unconfined compressive stréngih

11) Soil testing

Soil testing was carried out with respect to the following items,
in ordér to maké a rough evaluation of thé'suit?ﬁility of the seoil
as core matérial for thé upper dan.
. Physical téstiﬁgi - Specific gravity
' -Grading - _

Foisture content -

Liqqid'iinit, plastic limit
. Mechanical testing: Moisture - dénsity relations

' Permeability '



Table 2.2 Quantity of Geological Invé§}1gation

Detatled

Basic . tatieg
investigation ~ |davestigation " '|° - Total
(1981.6%1981. 10) | {1982.521982. 10)
Geological reconnafssance 15 kmz - i5 ke’
1 . . B - " . -
Upper dan 230 o 700 m
site (5 holes) (18 holes)
|9 I I
ooy T {11 holes) S 2310 n
Drilliag borrow site . S (58 holes)
Lower dam 180 m ° 520 m . - ;
site (4 holes) L(i&;hplgs)x
Lower i 210 n
quariy site (6 holes)
Upper dam 34 tives 68 times o
Pereeablilicy | site - {5 holes) - {7 holes) 130 tiwes
testing Lower dam | 27 tiwes - | 61 times | (22.holes)
site (4 holes) {6 holes) ' '
Upper dam 2750 n _
site (11 lines)_

‘ gﬁgi:y and - 6100 m Lo
Seismic borios elte - (10 1ines) 12,510 m
prospecting _ ' {35 1ines)

Lower dao 2520 m _ . :

site {11 lines)

Lower _ 1200

quarry site {3 lines)

Upper § 2.5 ¢
Test pit quarry and - i ; .

borro Site (17 holes). (l?_hqles)

Soil ; - R e
Laboratory testing - 36 samples 36 sawples
testiang Rock ' - — :

testing - 72 samples 72 sampleés
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3. REGIONAL TOPOGRAPHY AND GEOLOGY

- 3.1  TOPOGRAPHY

- qhé Tekai River forms the upper watéers of the largest river in -
'Héléyéia, the Pahang (féfer'td Figf'l?l);"The basin of the Tekaf covers
an area extending from 4°00' o 4°22° North Latitude and 102924' to
102°42' East Longitude, .

With 16 sovice in the sountaihous area 6f the Pahang State, the Pahing
River gathers numérous tributaries as’ it-advances sotthward through the
-Jerantut region. ~ The Tekai River which 1 the site for this project is the
largést trlbutary of the Tembeling River, running priacipally west-northwest
and merging with the Tembéling River at a point approximatély 20 ko upstrean
of Kuala Tecbeling.

The Tekai River Basin fs surrounded by the mountains of the
Trengganu Coastal Range, which-includes'such lofty peaks as thé 6. Tapis
(4,960 £t.), G. Dulang (3,488 ft.) and G. Ulu Bskar (4,561 6.).
These mountain ridges Tange KNW - SSE, nearly the same direction as the

‘strike of stratum. host of the tivets in the mountainous area also run

in an’ identical diréétion; this’ dra;nage pattern is'a topographlcal
charactéristic of the tegion.:

The trend of the mountain rldges and the rivers has a close
relatiqnship with the geological structure of the area. Such characteris-
tfcs that clearly show the close rélationship between the geological structure
and theé tépqgtaphy.. ' '
_ 'ln-ggﬁéfal,-the'ﬂﬁuhtaiﬁoné*érea of ‘the Tekas River Basin exhibits
a gﬁntle slopés ¢aused by intensed weathering activity.
The gradient of the Tekai River is relatively steep i the

aountainous area o[ its upper reacheS, ‘where it forms a steeply graded

river bed; in the lower reaches, however, the gradient beéores markédly

gghtlg at about 1/1,000. .. |
'.Tﬂé}sité'éélécted'fbi'thé dam4lé‘soz¢ 25 km upstrean of the con-

fluoence of ‘thé Tesbeling and Tekal ilvérs for the upper dam, and some

8 ka for thé lower dam. This is & comparatively narrow. point in the

river, and the gradient is gentle, factors which: woyld nake stsible

ihe cOnStruétion and operatfon of an efficlent tésérvoir.



3.2 GEOLOGY

The geology of the Tekai River Basin has been mapped by the
retcren-cemn o
Geologlcal Survey of Halaysia (Khoo 1977.} 3s shown in Fig. 3. 1.7 Thé regidn‘s
stratigraphy is surmarized in Table 3,1 - The geology of. the rlver basin

areéa can be roughly grouped. into sedimentary rocks; metasediments, and granitie
rocks (adamellite).

The sedimentary rocks are known as the Tembeling Group, and consist -
of Yesozoic conglomerate, sandstone, shale, and other rocks,' Thgse'gte
grouped into four foremations acécording to theirulithoquiest_ Li#!éé_in_,:‘
geochronological order, they comprise the following. |

fy Kéfﬁﬁ'fdrmatioﬁ*
©11) Eanis conglomérate

111) Mangking sandstane

iv). Ternus redbeds

' Thése strata have a nearly NNH - SSE strike, and; becéuse they have“
largé and small fold systems, they are distribute& zonaliy.

i) Kerum formation_

-This formation is distributed typically along the Kerum
River, and is distributed within the - reservoir of the upper-
_dam. It is composed nainly of &olcanic rocks, shale, and

_quartzose sandstone.

ii) - Lanis cénglomerate,::

This formation is distributed typically in the vicinity of’

the G. Lanis, and is distributed within the reservoir of the
upper dam. - It is cozposed of teddish conglometate, sandstone,g'
and shale. Because it is extremely hard Lanis cﬂnglomerate
foras steep cliffs along its sttike dlrectLOn.

- 141) - Hangking sandstone - : - _;;,e :;,}g-,g;

This formation is distributed typichlif'éi&ﬂétiﬁévﬂéﬁgﬁinﬁ‘:*ﬁi
River, and:is COﬁposéd‘aainlyféf quartzose éahdStbng}Qi;h[ R

" interbedded gray or red. shalé., . It 1s diSttiSutéd widély:
in the middle and lower reaches of the Tekai River lying
vithin the project area. TR PP LA



iv) ‘dermus redbeds

These are distributed zonally aloug the Termus and Jemar
- yivérs. They are distributed widely within the reservoirs
of the uppér and lower dams, and also in the quavrry area of
the uppét,@am. Reddish shale is the predominant structural
,fock, intetpgéed with small amounts of quartzose sandstoéne.
As the reddish shale 15 soft with rich cleavage, it forms

a level topography along the riverbanks. The geological
”boundaty between the TErmus redbeds and Hangking sandstone is

unclear due to t‘he fo}_dinq déformtion both of which have undergone.

The metasediments are known as the Bangak metasediments. These are
distributéd in the area intérposed betwéen the sédiréntary rocks and |
grénitic rocks (adamellite) found in the upper reaches of the Tekai
Rivér. They are distributed typically aléng the Bangak River and are
- thought t6 be Paleozoic age, Although their metamdrphic grade
‘is low, these wetasediments are génerally foliated and have wndergone
‘¢intact metamorphism when in the vicinicy of granite. Théy consist -
mainly of slate, phyllite, metaquartzite, wetasandstone, semischist, and
hornfels.

Granitic rocks are distributed in the Tekal River's uppér reaches
and are composed of adamellite. In the mowntainous areas the granite
has undergoné deeép ﬁééthering, the surface belag formed of loose, coarse
sand, The river bed deposits of the Tekai River are supplied largely
from this granitic avrea. '

_ As fllustrated in Fig. 3.1, the sedimentary rocks have " a NWNW - SSE
:.striké and have large and small fold systeémes. fhe following aré the
_Ié?f€$ent5t1Vé fold 3¥E$Lwithin the %ékai River Basim: 1t is these that
.govern the Basin's geological structures.

. ~—

1) Teraus syncline

This s a large syncline éxtending along the Termus River
Vailey in a Y - SSE direction as far as Kuwala Tahan.

~11) Tekai synéline

Anoiher'latge syncline runs parallel to the lower
reaches of the Tekai River. 1t extends in a NNW - SSE
direction as far as the Jempar River.

—- 17 —



111) Penut anti¢line

This is the principal anticline between;the,Tgkai_syncliﬁe

and the Termus synciine. It-plungesrto the southeast.
Although the above large fold axés aré not continuous ia” the

neighbourhood of the dam site, some siall fold structurés ave distributed

hére and there. Of particulay note 1s the’ irrégular dip of the strata

at the site of the upper ‘dam site, B -

A number “of small faults are distributed sporadically through out the
Tekai River Basin, but no large faults which could significantly govern -

the geological sttucture have been detected



Flg.3.1°  OUTLINE OF GEOLOGY IN THE SUNGAI TEKAI AREA
{ofter KHOO HAN PENG, 1977, poge 93, nmwl reporl of the gaologicot surveyof Maiaysia)
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4, GEOLOGY OF THE UPPER SITE

4.1 TOPOGRAPHY

The uppér site is located in the lower reaches of the Tekai Rivér,
at a point some 25 km upstream of the confluence of the Tekaf and
Tembeling rivers. A tributavy of the Tekai River, the Termus, converges
with the Tekai about 1 km above the dam site.

The dam site was sét in a comparatively narrow 2 ka range of the
valiéy within the project area. Determination was made following a
cocparison study of dam axes (refer to Main Report). The river surface
at thée dam axis fs 72 m above sea lével.

The Tiver gradient in thé vicinity of the dam site is about 1/1,000,-
and the river width fs a narrow 60 m.

On both banks; the fiver has formed térraée surfacés and other level
surfaces, and these ¢an be seen distributed in’ the areas upstrean and
downstvéam of the dam $ite |

Because the slope gradient at the dam axis exhibits a kelétiVeI}
stéep valléylike form of about 42° at' the left bank and about 36° at
the right bank, it does not éontaln any large distribution 6f talus
deposits.

" Because of the relatively steéép, valleylike form, présuming’ the
*:cbnétiuéiioﬂ of & dam of height 1200m, the ratio (L/H) of thé %élleijldtﬁ
(L) a4d the dam height (i) would be approximately 3.8.

A gentle slope, having an average gradient of some 20°, widens at

the right bank of thé Tekat Rivér about 1 km' downstream of the dam site;
.- thié Aréa was thus selectéd ‘as the vpper borrow site (Site B).

4.2 " GEOLOGY

The geological reconnaissance of the upper site ecployed a 142,500
t0pogréphicéi'mé§-%ﬁd'fbtuééd rainly on the dam site.

Tae geology of the upper site-is cémposed"of Teraus redbeds and
Hangking sandstone. Lithologic maps of the Upper Tekal Site are” given
iﬁ'F;gs. 5.1 ~ 4.4, and the stratigraphy of the Uppér Tekai Site is
surmarized in Table 4.1.

— 21 —



The Termvs redbeds ave distributed along the Termus River in the
area upstream of the dam site and are thought to belong to the Cretaceous

period of Hespzoic in age.

Around - the wpper site, the Termus redbeds are composed mainly of
shale (Tsh) and sandstone,

‘4ne shale (Tsh) consisté of red to red-violet rock with well-deéve= -
loped cleavage, intercalating massivé mudstone in placés. ~Thére i$ alse -
much pronounced weathering, with weathered rock extending to great depths.
The mountains following the Termus River, having distributfons of ;this. ..
shale (Tsh), therefore take the form of gradual slopes. -.

The sandstone is composed mainly 6f fine quartzose $andstone, and
is distributed only rarely arvound the upper site.

Mangking sandstone is distributéd widely at the uppér sftei -
Thought to bélong to Jurassic period of Mesozoic in agé, it is cemposed
painly of sandstone and shale. Sandstoné. predominates at the upper
site's wéstern end, while shale is distributed widely in the eastern
sector upstream.

The sandstone is a hard, coopact reck forming steep;ééuﬁgaiﬁsuéléngr
the Tekai:Rivér.. The shale, on the other hand, shows_develépihg‘bléaﬁégés
and surfacé wéathering advancéd to greater depth.

‘The Kangking sandston¢ is distribured below the Termus redbeds, and
is infetred 6 come into contact with thelatter,having a LJH - SSE tren&ing

conforrable geological boundary, in the vicinity of _the confluence- of .
the Ternus and Tekai rivers.

The rocks at the upper site were classified aqcording to their
lithofacies fnto the 1& groups described in Table 4.1, A fuzther classiflcation
was then paerformed from theé engineering geological standpoiht, resulting
in the'four groups listed bélow: GeolOg{cal Baps weré then prépated as - -
shown in ngs. 4. SfVQ 7. -
1) ‘Stratus of predominantly sandstone (referred to héféiﬁaftﬁt as .-,
“sandstone') : -
2) - Stratua of predominantly shale (referréé'to-heteinéfté["as L
) "Sh_al&"_)

3) Alternation of sandstone and shale

4) Conglozerate



Overiylng these strata are térrace deposite (Qtr) and river bed

deposits (r) distributed along the river, and small scale talus deposits
distributed on thé mowntainside slopes.

- Terraceé deposits (Qtr) are distributed widely around the confluence
of the Tekai and Termus rivers and on a small scale along the Tekai River
at the Upper stte. TErrace deposits, consisting of comparatively firm
clay, sand, and small gravel, is distributed along the left bank of the

Tekai River sone 250 r upstrean of the dam site and 2ls6 some 200 m
downstream of the dam site.

= Riygr,bea'dg_posits'_ ‘are distributed along the Tekai River. These
" are éoﬁﬁdéed of séﬁd, silt and other matérial carried d6éwn by the rivér.
This is a relatively shallow stratim, méasuring S m oF léss at thé river
bed. ' | | |
Strata at thé'ﬁﬁpér site generally striké'in a NNRW - SSE direction.
Large and small fold éxes, following the Térmus syncline (Fig. 3.1) are
:distrlbuted here. As indicated in Figs. 4.} 4~ 4.3, fold axes (synclines;
aﬂttélinéé)j&té Bistributed at the upper site, and for this reason the
. stéﬁta heie'do ﬁot have aiﬁnifdrm dip.
_ Small seale faults, and fractuted zones, are also distributed at
the-upper site, Fig. 4.6 shows two larxge fractuted zonés, having a
NHE < SSH strike, distributed at the upper and 1ower veaches of the

upper dam site. One oftheseintersects the dam axis at a low angle and °
- may continue to the rlght bank abutcent. '

On the basis of the’ geological conditions déscribe&'above, a narrcow
point in the valkey was $e1ected as the sitée for thée dan axis,
and geological investigation was carried out: a shale distribution
_Varea along the left bank of the Tekai River some 800 m upstream of the
,dam sité was sélected as the upper borrow site (Site A), a shale dis-
tribution area along the right ‘bank of thé Tekaf River about 1 km down-
stteancﬁ the dan site was selected as the upper borrow site (Site B);

and a sandstone distribution area at the latter location, as the uppet
quatry site (Sité A). e



Table 4.1 Scratfgraphy of'Upper Tekal Site:

Geological age

 Symbol

Formation

- Lithology

Canozoie

Quatérnary:

X

River bed depo—

qsits

Mainly quartz sand Lontaining
silt and gravel :

ar

Terrace
deposlts

Mainly " clay ¢ontaining gravel
and organic material

[

Mesozole

Lowér
Cretaceous

e L L e

Upper

Jurassiec

TSh

Termus redbeds

TSs

Reddish, purplish ~ red

‘shale fntéerbeddéd with

passive mudstone and sand- - -
stone'

Quartzose ‘sands fone and
sandstone 3 :

“hsh

¥Ss

stone

;Purplish shale in terbedded

ui;b greyish 'shale and
yéllow ochér nudstone

Mainly quarizosé san&stone
and sandstone 1nterbédded

‘with shale

Yellow ocher mudstone
interbedded with 1ight grey

'mudstone or siltstone R

Hainly greyish shale and
‘greénish shalé ‘{nterbedded
with 311ty shale ‘and @muds tone

Shaly sandstone and fine
sandstone ) -

Hangking Sandj_

Hainly iine sandstone inter—
bedded with shaly sanéstone :

and shalezjy

PredOmanantly quattzose san&—
stone ‘and sandstone inter-

fbedded with shaly "sandstone
_and shale .

&1 f

Shaly sandstone interbedded S

with shale B

AlternatiOn of sanﬂstone and

_shale s P N R R L

Dark grey shale intetbedded
with sandstone

PR

* ‘.'f‘-*..-‘,- .

Conglomerate and coarse
quartzose sanGStone

'Predoainantly quartzose sand-

stone and sandstone intér-
bédded with conglomerate and

shale
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4.3 DRILLING AND PRRMEABILITY TESTING

4.3.1 LbéatiOn of Boreholes

Driliing was conducted at: 1) the dam'site, including
projected locaesions for the cofférdam, . spillway, diversion tunnel, peﬁ—
stock, and power station; 2) the upper borrow site ($ite A) situvated
upStream-bf the dam site} and 3} a quarfy site in the upper quarry and
borrow sité (site B) situvated downstream of thé dam site.

(1) Upﬁéi Dam Site

At the pfeiiﬁdnary?investiéétién stage (1981), a drilting
brégtaée véé.cOndQEtéd baééé on proposed dam axis yhich had been
_ éelectéd {0 accordance with pertinént topographical and
géolbgical-conGitian.
A mOTe detailed 1nvestigation was carried out in 1982, based
on the outcome of the prevxous year 3 1nvestlgat10n. ‘For thls
investigation, a new dam axis was decided upon and drillxng was
conducted according to the layOut of the spillway, power station,
and other facilities. '
The loéatiﬁn.of-the boreholes are shown 1in F;g. 4.8,’uhile
operational quantities arée given fn Table 4.2. |



Table 4.2 Quantity of Drilling Work at Upper Dam $ite

atio | bepth (my . | Permeadbility
location Borehole bepth (m) '_TESting’(timeé)
Mato Dam-| Prelimtnary | w1 | 46,0 5
Site inv. Stage - |- U2 44,0 - 8 Y
' B vz O s000 '8
o5 ] 50,0 6
Detailed w-z | 20.0 3
Inv. Stage S Ub-3 20.0 4
uD-4 50.0 1
-5 | 50.0 9
S UD-6 ©100.0 17
: : b we? b 10000 19
N R -8 |, 500 . 7 9
Coffer petailed w1 |20 o -
~ Dam Site Inv. Stage un-9 - 20.0 - -
Biversion|  ditto w10 | 20.0 -
Tunnel ' UD-11 ~ s0.0 -
I ‘ UD-12 - - 30,0 -] -
Up-13 . 200 | -
- spillway ditto UD- 14 2 20.0 -
_ Up-15 20.0 -
Penstock ditto ] 16 500 b -
T T ub-17 0.0 | -
Power - ditto UD-18 20,0 -
Station'-.
Tk Total | 930.0 102

(2) Upper Borrow Site (Site A) and Upper Quarry and Borrow
$ite (Site B)

As & result of the geclogical teconnéiésahéé conductéd during the
preliminary investigatidn étége.(1§81), a shale dfstyibution
aréa situated along the left bank of the Tekai River upstrean

of the dam site uéé_éelected as the upper Bofthw'siie:(ﬁite'a)
and a sandstohe distribution area éitda;ed élong the right

bank of the Tekai River was selected aé'ihénuppet quarry

site (Site B}. Drillings were carried éuf'éi_thé$e stteés

during the detailed invéétigation stage in 1992.'



. * .
The location of the boreholes are shown in Figs. 4.9~ 4.10,
while operational quantitfes are given in Table 4.3.

Table 4.3 Quantity of Drilling Work at

Ypper Quaryy and Borvow Areas

Loc¢ation ' Borehole Depth (m)
Upper borrow site _ Us-1 . : i 20.0
(Site A, upper reach UB-2 ) 30.0

of the danm site) - UB-3 20.0

©UB-4& 50.0

_ UB-6 50.0

Upper quarry and horrou u3-1 50.0
site G2 : : 49%.0
(Site B, Yower reach - wW-3 : 50.0
of thé dam sité) - UQ-4 C "~ 51.0

w-5 50.0

Total 470.0

6.3.2 Findings of brilliug

The geological log of the drilling is given in Fig. 4 1.
The following is 2 summary of the findings obtained

(l) Upper Dam Site

‘At the upper dam site are distributed strata of -

sandstone, shale,: and shallow conglomérate (Fig. 4.6).

" {) River bed dgpqéits; ¥élatively shallow &t 5 m or less,

are composed of sand and seall gravel.

Table h;éfiihiz$ngss‘of River Bed Peposits
:at Upper¥ Dam Site

Borehole : :| - Thickhdess of River Bed Peposits
V-3 0.90 m
CUp-1 2.9 m
up-2 . o 3.00 =
w9 ' 4. 80 m
up-18 1.00 m




13) Top s0il and completely weathéved rock (D class rock)
are relatively shallow (thickaess given in Table 4.5).

Table 4.5 1hickne$s of Top Soil éﬁd Heathered Rock

_Left Bank o Right Bank

Botehole | Depth (m) Borehole Depth (m)
u-1 15.20 LB-3 0.90
v-2 . 0.70 v-4 . 5.10 -
up-2 0.35 v-5 %.80
up-4_ 7.50 uD-1 2,95
UD-5 - 3.75 4. UD-3 0 :
up-6 - 2.00 . Up-7 5.00
UD-10 3.10 -~ UD-8 320
UD-11. - 13.35- S UD-9 | 480
ub-12 1.35. Ub-16 5.00
uD-13 . 2.00 - UD-17 1.40 -
UD-14 - 1,00 UB-18 1.60 -
UD-15 - 5.60 S

iii)-,Rematkable cracky or claye} zona$ (fréétuféd zone)

observed at the boreholes are given in Table 4.6,

“Fable 4.6 Remarkablé Cracky oF Clayey Zones o
at Uppet Dam Site

Borehole o Remarkable Cracky or Clayey Zone
S B2 - T 10.00 < 11.50 m .

v-4 7.40 - 9.70

s ) . 17,60 £:18.720'm

w5 o : 19.50 - 23.00 o

Up-1- " 15.00 - 1900 m

UD-4 15.00 - 19,00

Up-8 | 12.20 - 14,00 w

up-9¢ - '- 0 -10.00 - 12,00 &

UD-¢ > " 15.00 <:-16.,40 m

Ub-14 ' 12,00 - 15.75 m

UD-16 945 - 37.70 m
U160 39,50 < 43,00 B
- UD-16 : 46,00 -:50.00 n

(over some 50 cm width except weathéred rock)



Borehole UD-16 shows a particularly large fractured zone,
from a depth of 50 m down to botton of the hole. This may
possibly be ¢ontinuous with the fractured zone confirmed
by gééiogiéal reconnaissance at_ the upper portibq of the

dam site, and is inferred to continue to the right bank
of the dam ‘site and peastock area,

. {2)  Upper Borrow Site (site A)

The u?pér borréw site (Sité A) is ¢omposed mainly of shale

* .
(Fig.

£.5). The plan provides for the weathexed portiéns of

‘thé shale {(which has thicker weathered strata than sandstone)

to be gathered for use as core material

1) Table 4. ? gives the thickness of top soil including
orgahic-goil, and of weathered rock’ suitable for use
as core material (D class, CL class xock).

- 'Table 4.7  Thickness of weathered Rock for Core Material
SR Top Soil (@) Weathéted Zoné (m)
Borehole (Gasuitable) (Sultable)
us-1 .00 | 12.00
UB-2 1.00 . _ 0
UB-3 6.20 . o 0.60
uB-4° 0.90 2.10
UB—"$ 4‘05 2 : 3-0-_5
i ii)t Shale, having developed cleavage, is infetior to
- sandstoneé as rock material (cf. 7. YRock Testing”™)
“As ‘shown 0 Fig 4.5 and Fable 4:8, Site A has a large
- pr0port1dn of_shale and is theréfore umsuitable - as a
quarry site for rock material.
© Table 4.8 Ratio of Shale and Sandstone
Borehole . ‘shate | . sSandstone
CUB-Y S S R ) &
- UB-2 15% Sy - 85%
“UB-3 95% 5%
UB-4 15% 85%
UB-5 60X 403,




(3) Quarzy Site (Site B)

A sandsténe distifbution area within the' upper quaxry and
borrow area (Site B) wis selécted aé a quarry ‘site, and a
drilling investigation wag' conducted

1) Table 4 9 shows the depth fr6m ground surface to

comparatively hard rYock (G class rock’ or above) which
can be considered suitable as tock material

Table 4.9 - Deﬁih to Hard Rock from Ground Surface .

e
S

] Borehole |- - - ~.Depth to Ha¥d Rock (m)
- Bg-1 : o T 5.25
. UQ 27 A 14, 20, o
-{Q_3 - b E ‘_‘., 510_
ws | . hiao
w5 L 21.35

ii) The ratio of shale and sandstOne at the quatry site
at Site B fs given in Table 4, 10 The high propoztion

of sandstone wmakes this a favorable quarry site. '1

Teble 4.10 Ratio'of Shale and Sandstone

Boréhole * Shale o ' Sandstoné

wel | e ) 1e6n
vQ-2 102 90%
w3 | 5T . .es%

W st lesy
vg-5 ol 20 ] - o g0z

4:3.3 - Finding of Perreability Testing and Eround water'Levé1

Hater pressure test tesults of boreholes ate summarized in
Ihﬁie .11, The leakage rates ate glven in Lugeon value 'and permea—
bility coefficient. It simplifying assumptions ate made that the rock
around the tested borehole section 15 homogeneous and isotropic bitb
respéct to its’ peraeabiiity, then 1 Lugeon is approkieately équivaleht
to & leakage tate of 1x1075 cmlsec. :



The permeabllity of solid rock is mainly due to water perco-

Jation along bedding planes and joints. The surface layers of the rocks

possess high permeability (Lu>20), since the bedding planes and joints
are widened by weathering.

An outliae of the Lugeon values undér designed high water level
at the upper dam axis is given in Table 4.12.

Table 4.32 Outifne of Lugeon Value at Upper Dam Axis

16ft Bank | River Bed | Right Bank
“HAX, . 21.6 28.1 442
MIN. 1.0 0 0.9
AVE.” 1.0 200 2.1

At the both flanks of the upper dam site, groundwater levels

are approximately the samé with Tekai river water.

‘At thé abutesents,

théy are éncountered about 30 m below ground surface as shown in §ig 4.5,

" Table 4.13 shows the'ﬁhdengOUnd water level at each borehole.

Thble 4.13 Depth of Grcund Watér Level

from Gro und Surface

Left Bank Right Bank
Borehole Depth {m) Borehole Depth {m)

-1 31.2 u-3 0
‘-2 23.8 S U4 19.1
UD-2 1.0 u-5 19.7
uh-4 29.0 uD-1 1.0
up-5 43.0 UD-3 7.0
UD-6 2.2 up-7 12.0
UD-10 3.0 UD-8 32.5
Up-11 4.2 2YD-9 . 40.2
UD-12 0.1 UD-16 6.0
UD-13 14.1 UD-17 6.1
yD-14 - UD-18 1.0
15 5.2

% Center of River Bed

— 3f —



4.4 SEISMIC PROSPECTING

Siesmic prospecting was earried out along pre-determined lines of
seismic prospecting which covered the projéct area dncluding the dam -
site, the upper borrow site (Sfte A), and the upper quariy and bovrov

_sites (site B), :
4.4,1 Line of Seismic Prospecting

At the preliminary invéstigation stage,ISéismié prospectiag
focused on the dam 3ite, éfféf&li{g é'gfé'sp‘"of" the genéral geslépy of
the site. At the détailed investlgation Stage it was extended to include
the upper quarry énd borrow areas {Site A, Site B}s § '

The location of the liné “of seismic ptospecting 13 shown in

Figs. 4.8 ~ 4.10, while operational quantities are gi&en in Tables 4. 14
“~ &, 15,

. Table §, 14 Quantity of Seismlc Prospecting Work
at Upper Dam Site

Race Of Line Leagth (m) Spread
U-A 670 A
U-B o290 3
v-c, - 110 B
U-c, ‘ 110 1
U-p 310 - 3
U-E . 280 3
U-F .. . 290 - 3.
v-¢ . 200 .2
U-H . 200 2
w3, ) L 10 B

B, 180 - 2

:Total 2,750 28




Tablé 4.15 Quantity of Seismic Prospecting Work

at Upper Quarry and Borrow Areas

Name of Line | Leagth (m).| Spreads 'Remarks

600
- 300
400
1 800

Upper Borrow Site (Site A,
upper reach of the dam site)

W
0 & L O

Upper Quatry and Borrow Site
{Site B, upper xeach of the
dam site)

1,100 -1
. 600 -
600
. 600
500
600

- -
avnc\fc\o\.—

Total © 6,100 61 ' -

 The tocks of. the project site consist of interbedded

- arénéous and argillaceous sediments which are mainly ¢omposed of sand-
stone ‘and shalé respectively. The seismic waves are mostly réfracted

'albng zones of abrupt change in degree of weatheriog which cut across

© ‘lithological boundaries, although therxe is some litholegical control on
_ the development .of these weathering zones.

According to the statistical ‘study on selsmi¢ velocities of
reference Fo.8)
various rocks in Japan , velocities of fresh rocks of Mesozole sandstone

and shale are shown in Tab;e_ﬁf16..

Table 4.16 Velocity of Fresh Sandstone
‘ and Shalé in Jépan

' "-Veloéifyv(ﬁlséé)-'
Rock — _
. Hean B Ha'xim_ug' Hininum
Frésh Sandstone | 4,1804240 | 5,310 .| 2,700
|Fresn snale 4,0204170 | 5,280 | - 2,830




Table 4.17 éﬁOQS'thé”rélationship'bétwted the seismic velo-
city, the weathering grade, 4nd the rock ¢lassification in the project -
site,

Table 4.17 Relationship betwéen $éfsmic Veloeiey,

Weathering and Rock Classiffcation .

Weathering géck'ﬁlassifiéatiéh fvelocity‘(hléeéi
3 | Slightly - fresh | : Cy &‘B - f3 000 ~ -
2] Moderately = stightly |- o - © 1,500 & 3, ooo
3 | completely ~ highly N T ©600 w1, 500
4 | Top sofl - completedy | - ~ P | 300 A GOQ

(1) The Upper Dan Site L _
Thé seismic profile of the upper dam site s "s;}x'osm-iﬁ Pig: 4.12.
Thiee refractors were detected below tﬁé”360'to 4ﬁ0 mf/séc., uppermost
Gf:layéi}‘Thé:Véiécity Of the uppér: layer- ranges 700 to 1,000 wfsec,,
- and it may be intetpfeted as complerely to highly weathered zones. The
‘velocity of the inter medfatée: layer is about 1,560 -Isec.? and it may
" be considered as highly to gnderately weathered zones. The third layer
range 2,800 and 5,000 mfséc.m which corresponds to the doderately, s1i-
ghtly weathered zZones and frgsh,formayién._ .

(2)  Uppét Boriow site (Site A)

A seismic profile of the upper borrow site (Site A) is given o
in Fig. 4. 13.

In the upper borrov site (qnte A), the top layer of

velocity 350 to 600 mlsec.; which 19 suitable for core materials,
is very thin (less than Sa in depth). Therefoze, it'ﬂay*be
inadvisable to ad0pt Site A for a- borrow area. On the othér hand,
this conditlon 15 good for a quarry sxte és ‘the top layer to be
stripped is" very thiﬁ.. Howeyer, the,rock_consists,mainly:Of
cleaved shale. : “ 1oL g Ty

&) Upper Quargy and Borrow Site (Site B)

A seismie profile of the upper quarry and borrow site (Site B)
is given in Fig 4:14,



Along the main alighment P for the quarry, the top layer of
velocity 350 to 800 mfseéc. is comparative thick (less than 10 m)
The bedrock consistsmafnlyiof haré sandstone. Therefore, the area

-atound alignment 1) is suitable for a’ quarry site, and enough volume
of rock materials would be picked up,

7AA borrbw gice 1s proposed around the intersection of linés 1 and B.
" The top soil and ‘completely weathered zones (350 o %, 000 nfséc. in
velocity) atound this intersection 1is considerably thick (about 7 m

in depth) Therefore, enough volume of core materials vould be avai-
lable at this loéality.‘

4.5 TEST PITS
7 A tést pitting was conauctéa at the borrow sites within the
" uppér borrew site (Site A)- and the upper quarry and borrow site (Site B),

as indicated in Figs. 4.9 and 4.10. Sanples were collected for laboratory
testing. -

: ' , . . %
A geéological log of the test pits is given in Fig. 4.15.

Organic soil containing tree roots and top s6il,- ete. was distribured
in each test pit to a depth of ébéut 1 m. Below this:dépth was distribu-
ted weéfﬁered rock considered suitable for use as core.natérial.

Tables 4.18 ~ 4.19 give the thicknéss of top soil and organic sofl at
each tést pit,

Table 4.18 ‘Thicknéss of Top S$o6il and

Organic Soll (Site A)

' - Samplé Rumber : Depth of Top Seil :
Pit Humﬁer for $6i1 Testing Dgpth (u) & grganic Soil(m) Geology

P-1 2 2.40 1.10 Shale

P-2 1 1.50 0.80 Shale

r~-3 . 3 465 1.10 Fine Sandstone

P-4 2 2.70 1.20 Fine Sandstone

P-5 3 5.10 ¢ - 1,40 Talus

P-6 2 2.10 . 1.060 Silty Shale

pP-7 3 3.15 1.00 Alternation of

Sandstone and

. Shale

p-8 2 2.10 1.10 Shale

P-9 2 2.40 2.00 Hudstone, Shale




- Fable 4,12  ‘Thickness of Top Soil and

Organic Soil (Site_B).

Pit Number

Sample Number
for Soil
Testing

.. ..| Depth of Top
pepth (m) | Soil and or-’
. ] ganic soii(m)

. ;,”icéolosy

P-10

- - Pe1l
P2
" P13
. P-15

P16

P-17
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Talus

.. |Terrace Peposits

Mudstoéne

i+ |shale,: Modstone
., |Hudstone
| Talus

Talus'

... |Quartzose Sandstone
" |and shate |
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5. GEQLOGY OF THE LOWER SITE

5.1 TOPOGRAPHY
The lower sitée s locited at the lowést reach of the TeKai River,
some 8 ka uUpstream of the confluénce of the Tembeling and Tekai rivers.
The valley of the Tekat Rivew broadeas below the upper dam site,
and;_onéé again, a relatively narrow poiat fathé valley was selected.
A comparison study for the dam axis (refer to Maia Report Fig. 3.1, 3.2)
resulted in thé watér level of the tiver at the dam axis being sét at
elevation 55 m, - ' o '
' The tiver gradient aréund the dam sité is about 1/1,000, while the
river's aﬂptéximate ‘width is & relatively narrovw 30 n.
: Hhile districtions of terracé deposits and other 1eve1 surfaces are
feu in comparison with the upper dam, some small-scale terrace deposits
can be seen on the tight bank directly downstream of tho dam sité. Rivér bed

depostts can also be found distributed on the left bank upstream of-
the dam site.- '

The slope gradient of the dam axis is ahout 40“ at ‘the left bank
and about 24*-at thé right bagk, forming an asymmetrical ‘valléy with
the left bank stéep and thé tight ‘bank compatativély géntle.

The tatio (LIH) of the Valley width (L) and the dam height (H) of an

approxiwately 40 m height dan constructed at a stte such as this uould be
about 3.5, o ' :

'xzcmmm
“Thé geological reconnaissance of the lower site empldyed a 1/2 000

geological Bap and focuséd 6n thé dam site;

The geology of the lower site resembles that of the upper site in

that it 18 composed of the Hangkinq sandstone thought to date from Jurasslc
period of Mesozofé¢ in age. Lithologic maps of this site are given

in Figs. $.1 A5 3 while the stratigraphy is'shown in Table T W

The Hssgking sandstone consfsts ééiﬁly'aéﬂséddsténé and shale, with
sandétone having the wider distribution.

— a7 —



The sandstone is a ha¥d, compact roek that forms the tfght bank of
the dam axis. The shale is distributed at the left bank of the dam axis;

it shows developed cleavage and deeper weathering than the sandstone.

The Mangking sandstone found at this site:is classified. fato - .
seéven groups, as shown in the stratigraphy of the lower Sité(Taﬁle.Sillr :

Downstrean of the dam site on.the right bank is an area fin which
sandstone is widely distributed. This site was selected and _i_:njVeSt_i'gatqd_
as the lower quarry site (Sité C) for the lower dam (Ff%i.s.?),igtheﬁﬁ.
lower guaxry site is composed of thelséée:HangkiﬂgfsandStone_as;the_deq;,:
site, also uith.sandStOne'predominating.' Four strata of shalé are fater-

pOsed.

The rocks at the louer site vere classified according 0. their
lithofacies into the se\en groups described above.- A further classifi-
cation was then performed from the engineering geological Standpoint,:
) resulting in ﬂuathreegxoups listed below.‘ Geological maps were ptepared'
'zas showa in Figs. 4 ﬁrS 5. ' ;

(l) Stratum of predominantly sandstone
_(2) Stratum of predomlnantly shale

(3) Alternation of sandstone and shale

Overlying these strata are terrace deposits (Qtr) and river bed
depos:ts (r) distributed along the river,'and small talus deposits :
distributed on-the Eountain31de slopes. -

Terrace deposits (Qtr) are distributed on a small scale downstream s
of the dam sfte and at bénds in thé river. These_are composed of clay,

sand, and small gravel.

‘River bed deposits (r) are diStriButed_along‘tﬁe lefe ﬁenk'pf;tﬁe
dam axis; no other large distributions Hed Been'observed., The'11Ver,; .
bed deposits are compOsed nainly of quattzose sand and also cOntain silt
and small gravel They are also distributed along the IiVer bed havingi
an irregular thickness ranging from 3 % 10 m. ‘}

While almost no. talus deposits are distributed at the dam site,
they are distributed to a comparatively wide extent on the mountainside
slopes at the lower quarry sité (Site C€).
i T S



The strata at the lower site genérally strike {n a NE v SW direction.
At the dam site, the strata dip 20° A 40° to the southéasti at the lower
quarry sité they dip 30°+60° to the southwest, exhibiting a monocline
struétufé.

Whilé the lower site sOntaihs SBail— scale . faults and fractured
zones, théeré have been no confirmations of any faults which could affect

' the geological structure or of any fractured zohes which could exert an
effect upon structures. '

In additibn,’as shown in Fig. 1. é"a limestone distribution area
'situatéd neéar’ Kg Lubuk’ Payong, on the left bank 6f the Tembeling Rivér
'some 15 km downstream 0f the louer danm site, was selected as an alter-
native quarry site (Site D)

Iﬁ'197& this aréa was the subject of a geoldgical survéy conducted
iby theé Geological Survey 6f Halaysia.

C An outline of its géology has been discussed in the repOrt
Feferende Ko, 9)

"Geoldgicai lsvestigation for Proposed Quarry Site, near KG, LUBUK

PAYORG, Je;antut, ‘Pahang." At the time of this survey subsurface

investigation was. carried out by diamond di1lling in the liméstoné and
' £a§0tsb1e résuifs ﬁéfé obtained concérniog {ts suitability as a
construction material,



Table

5.1 Stratigraphy of Lower Tekai Site

Geological Age

Formation

Lithology

Cenozoie

Quarternary

River bed -
deposits

Terrace.
déposits

“ Mainly quartzisand ¢dhtain-
-ing silt and gravel ‘
;Hainly clay and.sand cont

taining gravel and Organic
material- ST

Mesozolec -

Upper

Jurassic .

Mangking

sandstone . -

Purpliséh, 'buri»iish'-ied shale

.interbédded with purplish .
" fine sandstoné

"?redominantiy quartzose

sandstoéné and sandstone”.

,jalternation of sandstone

and shale

Hainly greyish shale and

zpurplish shale interbedded
‘with sandy shale and silty

‘shale R :

"PtédOBidantly quértzose

sandstoné and sandstone

‘fhterbédded with’ shale and
“shaly sandstone

3

Dark gtey, greyish shale

Hainly quartzose sandstone
and sandstoné, intérbedded

with shale and shaly sand-
stone




5.3 DRILLING AND PERMEABILITY TESTING

: 5.3-.1 .

1) the dam

station and

Location of Boreholes

Drillings were conducted at the following two sites:
site in¢luding projeceed locations for the dam and power

2) the lower quarry site (Site C) located downstream of the

dam site.
(1) Lowér Dam Site
At the preliminary investigation (1981) stags, drilling was
carried out at the dam axis selected in accordance with
pertinent geological and topographical conditions. At the
detailed investigation stage (1982), a survéy was conducted on
the basis of the préposéd dam shapé and pbier blant, which had
been studied in light oi the previous year s results. The
location of the boreholes are showi in Fig. sS. 6 uhile operationai
quantities are given in Table 5.2;
Table $.2 Quantity of: 'nximng Work
At Lowér Dam Site
: . . . Permeability
Location Borehole;l:erth {m) Testing
Hain Dam | Preliminary L-1 50.0 7
Site Iav. Stage 7| 12 40.0 "6
- — C f e L-3- 139.0 7
-4 51.0 7
Petailed LD-2 50.0 - 8
Inv. Stage. LD-3 49.0 . 9
' LD-4 ' 80.0 6
Ca -5 f.- 50.0 9
LD-5 . 50.0 9
'Coffe¥ Dam deto gl ) 19,0 _
CoL - S CLP-10 - 20,0
Spillway, ditto  Lb-7 20,0 -
& Power LD-8 22.6 -
Station e “LD-9 - L2000 ]
- DMversion diteo “LD-11- | 20.0
- Tunnel 1p-12 50.0 . -
el e L Lp-13 20.0 - f.
Saddle ditto LD-14 50.0 10
~ Total 1700.0 38

T gy —



(2) lower Quarry Site (Site C) .

As a result of the geoloegical teconnaissance conducted at

the preliminary investigation stage (1981), a sandstone -
~distribution area situated along the'right bank of the Tekai
River ‘downstream of the dam site was selected as’ the ‘lowér
quarry site for the lower dam. Drillings were careied oub: .
at the detailed invéétigatidn Stage'(1982)  The loéation of :
_the boreholes are shown in Fig 5.7, while operatlonal quanti—
ties are given in Tablé 5 3

Thbie 5. 3 Quantity of Drilling Work '

at Lower Quarry Site o

7 “location | Borehole R Depth (m)y
Quar;y site | LQ—1_  N 1-50 0?_
(Site ©) Coge2 ' 50.0 °
LQ-4 25.0
10-5 3.0
L6 - 25,0
Total =~ ' 210.0

5.3.2° Fiﬁdiﬁgs'éf'ﬁiliiing

"Observation records of the geologiéal log are illustrated in
* .
Fig. 5.8. The findings ‘of the drilling can be summarized as follous.

(1} CLoveér Dan Site

The lower daa site is conposed of sandstone, shale, and

partial alternation of sandstone and shaie. -

1) The river bed deposites have 1rregular thickness layets,

ranging froa 2 to 10 m and co posed prig@;ily of sang and
seall graveI; ‘ S .s,‘I;;re :

Table S.4 - Thickﬂess df River Bed Deposits _ oo
at lower Dam Site s j Cebnaoe

k3 HE DIy

Borehole ‘;' - Thiczness of River Bed Deposits
L-2 - ; B S, 30 ]
w9 . .. .10.85 m
-1 : ) T 245 a
Lb-8 5.50 m
LD-10 ' 3.15n



i1) The top soil and the completely weathered rock (D Class

rock) 1s relatively thin, but is thicker in the right
- bank than in the left bank.

Table 5.5 Thickness of Top Sofl and

Completely Weathered Rock

Left Bank : ' Right Bank
Bore¢hole Depth () Boréhole Depth (m)
L3 1,60 ‘ L-1 7.00

L-4 5.10 L2 3,30
b4 - ¢ e LD-1 2.45
LD-5 5.00 _ LD-2 9.00
LD-6 5.00 : . iD-3 3.45
L7 - 3.55 S - LB-14 - 2.50
_LD-8 8.20 ' . :
LD-10 4230 © LD-9 ©10.85°
LD=11 6.10

LD-12 4.00

LD-13 2.75

*Centér of river bed

111) Derafls of remarkable crac&y or clayey zones, seen in

the geological log, are as shown in the Table 5.6.

- Tabiéﬁ556 Remarkable Cracky or Clayey Zones
at Lower Dom Site -

" Bérehole - Remarkable Cracky or Clayey Zone
LD-2 19.50 — 20.40 w, 29.00 - 30.00 m
L-1 35.90 -~ 36.90 m

t-3 | 20=00 - 24, 00 u, 42.00 - 42.90 =
- b2, R -

LD-4 Sk, 65 - ss.oo w, 59, 6o - 63 00 o,

' ; 72 007~ 86 00 a

1~3 . foes

-5 27.00 - 39.80 =
Tieg -:i.oo—'law.'

Lp-6 - ©.15.00 = 16.00 m

Sh—

| -IOVét 5@ ¢§ hiﬁth exéept sbme weathered rockj-



(2)

T The LD-4 log, in particular,'teatures fragments of roCK with
clay at 2 depth betwéen 72 to 80 meters; indic¢ating that ft

is a cracky zone. The continuity of this eracky zoné has

not been confirmed so far.

‘Lower Quarry Site (Site C)

As regavds the constructlon material (concrete aggregate)

for the lower dam,rthe foilowing-results have beén obtained-_‘

- from the drilling work performed in an area downstrean of

the dam sité where sandstone is widely distributed.‘“

1)

Shale, having developed cleavage is inférior in qUality,
to’ sandstone as concréte aggregate (cf 7. "Rock :
Testing '}. E As shown in Table 5.7 belou Site c
features a hlgh ratio of sandstone, suggesting that

it is a promising area for a quarry site. _

Table 5.7 Katio of Shale and Sandstone

Rock
Borehole . —
: s +-Shale_ . - -.: - .. ° Sandstone .
LG-1 101 901
LQ-2 20% 801
0-3 10% 901,
s 702 e S
LQ-5 80X - - 20%
10-6 . 60Z 401 -
ii) ;Concrete aggregate requixés a hard and compéct rock

‘and so does construction material for a rock fill ]
‘dam, According to the principlc of rock classification,
‘all rocks below CL Class are unsuitable énd thése above
'CH Class are sultable in terBs of quality as concrete

aggregate., Also, adequate testing and! study are

necessary when C Class tock is to be used as concrete

“aggregate.’’ " The’ ratio of sandstone ‘for the lower quarry

site, according to rock classification, is as shown in
Table 5.8.



Table 5.8 Ratio of Rock Class{fication (Sandstene)

. Borehole | Below ¢, Class Cy €Class | Above Cy Class
LQ-1 3.3 % 68.7 1 0%
Q-2 51.9 % 48.1 % Lt 4
10-3 74 0% 26.0 % 0%
LQ-4 6.0 % 302 0%
Q-5 0 4 0z 0%
LG-6 85.0 % 15.0 2 (1 ] 4

As shown iﬁ“Téble'é'glabéve,itﬁé'QUQtry site (ﬁiée C)
'features a high ratlo of G and CH Class rock, indicatiug that a large
.volume of superior concrete aggregate (above C“ Class) 1is not readily
~and 2ffectively obtainable from this site.

5.3.3 Finding of Permeability Tbsting aﬁd Ground Héter Level

_ Hater pressure test results of drill holes are summatized ia
x L
Table 5.9.
Thé lower dam sité is éomposed of high permeability zones.
With regards to the surfacé layers of the rocks, the Lugeon values are
‘morée than 20 Lugeons. Even fresh rocks possess 10 — 20 Lugéons.
A high permeability zone (24 Lu) within a fracturéed zone,
fs found at the bottom of boréhole 1D-4, which has no zoue belowe 10 Lu.
_ An outline of the Lugeon valuves, which is under designed high water
level at the dam axis, is given in Table 5.10.

Tablé 5.10 Outline of ngeén'Vélue
~© at Lowex. Dam Axis

g | 1e€e Bank | River Bed | Right Bank

© MAX, - 39.7 S4.3 53.0
HIN. 104 . 6-0 2-&
AvE. | 1707 20.5 20.0




At the both flanks of the lower dam site, ground water levels
is located about 30 m below the ground surface as shown in Fig. 5.3,

Table 5,11 shéws the depth,of_the 3;ound vater levels ataeth

borehole.

Table 5.11 Depth of Ground Hater Level

Exom Ground Surface

Borehole Depth (m) Botghole_ Depth (m)
;- L—3 S 1{?.5 o C L"'l’ . 39-6‘
L-4 - 26.8 L-2 1.4
P-4 ) &S5 ] uped L0227
LD-6 32.0 LD-3 7.5
Lb-7 3.3 Lo-14 31.0
. ED-8 - ‘1.7, T . L
LD-10 0.7 ALD-9 ' +H. 6
L LD=11 12.0 S L
LD-12 22.0
i1D-13 11.0

% Ceater Ofltivef bed,



5.4 SEISHMIC PROSPECTING

Sefsmic prospecting was ¢onducted by méans of sefsmic lines
covering the areas proposed for the dam site ér_:d lowér quarry site (Site
c). N

5.4.1 Line 6: Seismic Prospecting

At the preliminary investigation stage (1981), seismié pros-

pecting was cbnducted mainly at the dam site 1n order to obtain géneral

geological date. “At the detailed irwestigation stage (1982), it was

extended to include l:he lower _quarry site (Sité C)
The se:lsnic pros;)ecting linés and the quantity of this work

are shown in Fig. 5 6 S, 7, and Table 5, 12 respectively.,

Table 5.12  Quantfty of Seismic Prospecting Work
at Lower Dam Site

Naze of Line | Length (m) . | . Spread.
LA 21530 5
L-B 310 3
L-¢, 1me - b 1
REA 2
L—D]_ -k 210 Lo 2_ :
LDy ] - B0 2
SEE ) 230 3
o !.-F1 ' __ '1’10 . 1
"L-—'Il‘é ) T 100 1
L_Gl. ) 200 "2
L-G‘Z"“' e 230 2 -
Thotal || 2,520 24

— a7~



.Table 5.13 Quantity of Seismic Prospecting Work . - -

at_Lower Quaryy Area (Site <)

Ramé of Liﬁe_ iéngih (mo._' N Sprééd o
A " 550 6
B 400 _ R
C 26 - |- 3T
- CTetal | 1,200 SRS & 3
(1) Lower Dam stee SR SR 'g- eEe

(2)

The séismic¢ profile of thé lower site is shown in Fig. 5. 9

" Theée réfractors were detected_belou the 300 €6 400 m/sec.

uppermost tayer,: ihe Qé16c££§{6flEhé'ﬁpﬁef ia§éfVi§ about -
800 to 1,000 nfsec. The velocities of the intérmediate and
thira‘layefiféhﬁéétivéiy‘i;&b&?tsgigsﬁb“nlééé; ahd 2,500 to
3,000 m/sec. These conditions aré very' similar to those of
the upper dam site, however, the thicknéss of the uppér-
most and the tép '1a;efs"af the igwer dam $ité are wuch
thinner than those of the upper site; '

Lowér Qpatry Site (Site C)

The seismic profile of lower quarry area (Site C) is shown

in Fig. 5. 10. Two refractors wére détected under 350 ° mlsec.a
fn the lowéer quarry site, The velocity of the shallouer
ranggs 800 and 1, 500 mfséc., and the’ ‘deeper tanges 2 500 ufséc.

The deeper layer is interpreted as moderately or slightly
weathered zone. ; _ : o §

The velocity of thé | bedrock:: is upito 2,800 alséc.rfa speed
lower than all other ‘areasg including thé upper site. Ihis
Ffgure céincides uith the résults of the drilling, in&icating-

that there is a GH €Class layer of rock distributed in the
foundation (cf. Table 5. 3) Thug the findings of the seisnic

‘ ptoépecting also suggest that concrete aggtegate of gpod :

quality is not readily and effectively available at this site.



Cwows Qowosaw 2

G SOILTESTING






6. SOIL TESTING
6.1 CENERAL
- The soll test was ¢arried out té jiudge the suftability of core
raterial, i.e. iﬁpermeable construction mateérial, samples of which are

collected from the borrow site of the upper dam. The upper dam is a center
core type rock fill dam located in the Tekail area.

As the results of the soil test, the materials from the both sites
(Sitéé A aad B) have been proven to bé suitable as core material., However,
ft 1§ désirable that Site A i the reserve for Site B because the effective:
collection of material is difficult at Sfte A,

6.2 TEST ITEHS

The following tests were. conducted in ordér to judge the
suitability of core material (for use in the upper dam site) collected

fiom the two borrow sites (Sites A and B).

6.2.1 Physical Tests

. The féllowing,physicalrtests vere conducted in order to
'-Qtudy the basic propertiés of soil, suitability for core material, and
soil classification.

(1) Specific gravity

{2)  Gradiong

(3) Mofsture coateat (natural)

(4) Liquid limit |

(5) Plastic limit

6$.2.2 ﬁechanical Tests

) The optimua molsturé content and maximum dry deasity shall be
found based on the relations between moisture content and dry density as
'§é11_3§ oa the permeabflity which is the Fundarental property of core
" material. The following mechanical tests were - c¢onducted ia order
. to obtain'the‘baéic'data for designing.

{1) HdiStufe-density'relétionship1c°mpactson test)
2 'Pefmeébility {natural compaction condit{pn)



6.3 SPECIMEN AND QUANTITY

The list fn Table 6.1 shows the test quantities as well as the locatfons
where test samples were collected. Figs. 1.2, 4.9, and 4710 show a
ground plan of the Tekal area, rough sketch of the prb'j'éct_ 'site, and—pit
locatfon map of Sites A and B véspectivély..



Table.6.1,

LIST OF TEST

Physicol  Test Mechanicol Test
Borrow No Pit [oepih |Specific Grading I&:\s?qre Liquld [Plastic pMolsture]| Permed-] Remorks
Site Geovily " looatent |Limit |umin Toenstry|buity
Tapm | 74pm Rewolion
{m} GS Over |Under | Wn | Wu wp 2
1P 'jrololo]| | o 1 | ojo.
2y |wslojo|lojolo|lo]lol o
3fr-2]l10] 0 | O olo|lolo]o,
dle<slio| o |0 o olo
- 20|l 0 |lO]| | O b O | 0o
© s|lojo|lojo|lolojo]|o
rlp-a] 10| O | O O 1 oo,
e 1.8 | O] 0. cojJolojo | o
S'i'!eAV 9 P_—$ ":2_: O 1'0 | R O o l-o.-
e | 24 ] O Rl -1 o O] O
11 s51OoJojo]l]ojJo|lo]lo]o
2 9-6] 1.0 O _0 o] Rel .‘.0_
1'3 17|l O | O Ol olo}jo| o
1talp-7]l 10| O o} 1o - 0O | o
as| o |esfolololo|lo|lololfo
e 3o ol {oO -0 | O
v2le-sfis ]l o | O 0 .l olo
i8]l -l l-O O O] O0.§ O O |:0
rele-sl 4| O O O | e} o
20 19 |- O | O e ) O O O
2 [e=io | ) o | "o ol o
22 21l o}t o o) olo|lol-o}o .
zsfp-uf2a| o | O ) o| o
24 ssJo|Jlo]J]olo|]oJo]|lo| o
28|20l O O} o) o|o
28 20| O O O| O O O o]l o
27|p-nf24].0 | O o) o] o
Site8 | 28 341 0O} O oOlO]| O O | O | O
29|p-al10o] 0| O o ' o| o
30 20| O 8) 0 ojojloj]lo]| o
stle-sl{za]l o o | o) ol o
32 33fjojJjo|OoOjJOoOrtOoO]|]O]J]O]|] O
s3le-sfes{ oo ]| | o oo
34 33| O 1O | O O] o O |lOo] O
ssle-n|2s ] 0| O o |- oo
36 321 O O o1 0 O | O O3} O

— 5y —




6.4 TEST METHOD

The AéTﬁ ﬂethpd

6.4.1

1)

2)

3

4)f

5

6.4.2

1) Hotst
.-Relations:

2)°

Gradiag:

Hoisturé Conteént:

Liquid Limit::

Physical Tést on Soil.

Specific Gravity:

éas employed ip'thé f6116916§ téétéa“

ASTH 0854 58 (1972) o
Ifest for' Specific Gravity of Soils'

" ASTH D422163 (1972)

"Particle Size Aaalysis of Soils®

. ASTM D2216-71

'Labératory Deteréiﬁation of Hoistute

 Conteat of Soil'

Plastic Limit

ASTH D&23—66 (1972)

TV Test for’ Liquid Lindc of Soils

ASTH D&Zﬁ-59 (1971)

'Tesk for.Plastic Limit and Plasticity .

" Index of Soils'

Mechanical Test on Soil

Holsturée Density

- Perméability
-(Natural Hoisturé
. Content)

ASIH 0155? 70 . | ‘ C .
"Holsturé Deasity Relations of 30113

. usfng 10 Ib (4.5 kg) Rammer and 18 ia.

(457 =m) Drop

ASTH D2434-68 (197&) } S
Test for- Permeability of Granuale
Soils (Constant Head) s

{ (Falling Head)

(Fbr full particulars of the test, see “Annual Book of ASIH
Standards"® Part 19.)



6.5 TEST RESULIS

6.5.1 Results of Physical Tests

1) Spécific gravity: )

2,50 to 2.75, averaging 2.62, in both Sites A and B (seé Fig. 6.1).
é):-ﬁoiétute content:

18 to 19% on the average in both Sites A and B, raaging wider

{10 o 302)in Site A but nearing the average (16 to 247)in
Site B (see Fig. 6.2).

3) _Cpﬁéistency:

This was plotted in the Plasticity Chart for the purpose of soil
classification based on liquid and plastic limits (see Fig. 6.3).
A3 a resule, it proved that-CL (éilt and ¢lay) predopinates im

S$ite A, vhereas €R (highly plastic silt and élay) is mixed in
Site B.

4) Gradiag:
Fig. 6.4 shows the graia size cumulative curves .of Sfte A and
‘B. Flae grading averagés 652 in both sites (see Fig. 6.5). Clay

accounts for 257 in Site A and 40X in Site B the latter features

gréatér clay coatent.

6.5.2 Results of ¥echanical Tests

1) - Molsture-density relationship |
Fig. 6.6 shows the relationship between moistute content and
dty density ia Sites A and B. Maximum dry -density ranges froam 1.6 to
i.g'g[§m3'jn both sftes but averages 1.79 g/ca3 ia site A and 1.74 gfead
in Site B (sée Fig. 6.7).

- Thé relation betwéen maximus drj density and optinmum molsture
content features a proportional relation, focusing on the zero air void
curve (béséd oa the average S§e¢if1c gravity of 2.62), as shown im Figs.
6.8.1 and 6.8.2. | |

, Tﬁéte is'litfle difference in optimum and natural moisture
contents bé;ﬁegn.81tes A and B, f.e. Wopt = ¥n tla(z) in Site A and
Wopt = Wn + 3(%) i Sité B (see Fig. 6.9).

2) ?erméaﬁility!
The coefficleat of permeability ranges from 3.0 x 1077 ¢o

— 53 —



6.0 x 10-? cmfs in Site A and from 1.0 x 10"7 to 2.0 % 10-7 cafs
in $ite B (see Fig. 6.6).

6.5.3 Summary of Test Results

‘A summaty of tést résulté is given in Tables 6.3.1 and-6.3.2.
: ’ k]
Also, the test résults for ¢ach test pit aré shown in Table.6.4:1. to

6‘5".17:
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Table, 6.2 Unified Soit Classification Chart

UNIFIED $OIL CLASSIFICATION
IRCLUDIRG IDERTIFICATION AHD DESCRIPTION

O

—_— - = _ ; -
BENTIFICATIC > GROUP ' o : ASORATORY CLASSIFICATIC t
FIELD IDENTIFICATION PAOCEDURES : IHFORMATIOH REQUIRED FOR ; L AR f SIFICATION
(€ xctuding patictes Satges than 3 inches snd basing fractions on estimated weights) SYMBOLS TYPICAL RAMES ~ DESCRIBING SOLS i CRITERIA -
. . —_——— Y
Wik 1ange in grain size and substaatial amounis Well graded gravels, grivel4and mintures Give typical namz, indicats approxi- -__D“ ter than 4 B 1) Betnveen ont and
- “ =3 ? of all intermediate pacticle sizes G fitsie o na lines. fmate percent ages of sand and Cu Gresterthand G Oy x Dy
S <W 0% : gravel, max size, angularity, surface § .
g gz . ':“,f(" =g e e condition, and hardness of the B 1 :
S 5¢ § lox EY| riedominantly one size or a range of sizes - Pooly graded gravels, gravelsand mintures, coarse grains, bocal of geologic 33 : N irg alt { quiten
3 v B £g = 9 2 vath some intermeadiate sizzs Missing cF - fist’e of no fines. name ahd othed pedtinent descaip- ) f i : of mesting all gradation requicements lot Gw
H ﬂ <% 23 B L . g:eql;g:’a!m, and symrbol in 355 -
g 3 g § 3 g e Noa plastic ines (o identification procedures : Silly gravely, poody graded gravel-sand- - §§ ? £ Atteibeeg limits betow “A” lire )
- =2 - - : - - . P, -
32: o S g g‘é‘g o se2 ML below) GM silt enfatoces Sg - %3 o Pliessthan d Aﬁg‘:‘,;:‘: ::,hr
og é% E 3;3‘15# _ i _ _ . +38 &8;% arebmdemr.eca:s
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