3. GEOTECHNICAL CONSIDERATION

3.1 General

Structural measures for the flood mltlgatlon plans lnclude
dams  in the mid-stream reaches and river lmprovement such ‘as
levee, revetment and enlargement of the river chahnel in the
downstream reaches. Geological investigation for the dam scheme
was performed concentrating mainly on the conceivable damsites,
i.e. Lebir in the Lebir River, Dabong and Kemubu in  the Galas
River, Lower Pergau in the Pergau River and Nengglrl in ‘“the
Nenggiri River. In this Section, geotechnlcal ‘consideration is
described for the conceivable dams and river improvement works on:
the basis of geological data collected from DID and GSD as well
as the result of field survey and interpretation of aerial

photographs.,

In downstream xeaches, some hydrogeological investigation
was carried out for estimating the groundwater potential of
alluvial plain, but data for engineering geoclogy are not
available. :

3.2 Conceivable Damsites in the Mid-stream Reaches

3.2.1 Lebir damsite

The Lebir dam project, for which the feasibility study is
under way by JICA, is developed as the multi—purpose project with
the objectives of hydropower generatlon, flood mitigation and
1rr1gat10n water supply. The main structures for this dam project
comprise a 77 m hlgh rockfill type dam, two saddle dams, spillway
and so on as shown in Fig. III.3.1. - . S

The Lebir damsite is located at about 3 km upstream from
existing Tualang Bridge. The Lebir River forms an incised meander
around the damsite, turning its direction from north to south and
then returning to north. The geotechnical conditions reviewed for
the feasibility study and also based on this fleld survey are as
follows:

(1) Geological condition
Main dam

The river bed at the damsite is about 150 m wide and
E1.26 m high. There exist rapids in the reaches where the dam
sits. ' S o

River terraces are developed on both banks, the'top‘bf'whlch
is E1.45 m. The terrace on the left bank is narrow, behind which

decomposed rocks rise at the gradient of about 16 to 18°9. On the

right bank, the river terrace is approxlmately 50 m w1de, ‘and the
slope above it rises at the gradient of 20 '
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‘Bedrocks underlying the damsite consist mainly of green
“tuffs, purple tuffs, green tuffaceous sandstones and shales with
thin layers of tuffaceous conglomerates. These bedrocks, which
are slightly metamorphosed and non-foliated, are hard and
nassive. Bedding ls monoclinic with fairly consistent strike and
dip of N40°E/34°SE on an average.

trregular joints having main strike and dip of NW-SE/40°.
70°NE or ‘Sw occur in- the bedrocks of damsite. It is, however,
found by field survey of core drilling and seismic explanation
that there is little possibility of the existence of large-scale
faults at the main damsite.

Inten ive:weathering'develops on both banks of the damsite.
The decomposed zones are 5 to 7 m thick on both slopes, and show
high permeability of more than 20 Lugeon. ‘To reach the fresh
rocks, it will be necessary to excavate by 5 m at the river bed,

10 m at the left bank and about 20 m at the right bank. While,

-~ the perVious_rQCk“zones;'indicating=more than 20 Lugeon, are 20 m

deep in the river bed, 15 m in the left bank and 25 m in the
rightrbank; o : - : o

it is considered from review result and site survey that
JICA study result to adopt a 77 m high rockfill type dam is
acceptable. :

It is judged that a large scale landslide does not occur in
the reservoir area since the bank slope of the reservoir area is
fairly gentle, - ' '

'Saddie'dams

o Two saddle -dams - have been proposed to keep the reservoir
water level higher than El. 60 m. They'are'located'on the right
- bank of the river; 1.8 and 2.0 km north-east from the proposed
main-dam, respectively, Both saddle dams with a rockfill type are
about 70 and 45 m in height.

‘The bedrocks underlying saddle dam T consist mainly of
tuffaceous conglomerates ' and tuffaceous sandstones with
consistent strikes and dips of NNW-SSE/70-90°g5. Heavily and
deeply weathered zones are developed on both banks, Decomposed
rockawith3high”permeability of more than 30 Lugeon are 5 to 10 m
thick in the bottom, 25 to 30 m in the left bank and 5 to 20 m in
the right bank. To reach the fresh rocks, it will be necessary
to excavate 15 m-in the bottom, more than 30 m in the left bank
and 10 to 30 m in the right bank. The zones showing high
- Permeability correspond to the weathered zones exceeding 30
Tugeon.

. The bedrocks underlying saddle dam II are comprised mainly
Qf'tuffs,-tuffaCeous-sandstones and intruded meta-dacites. Tuffs
and tuffaceous sandstones alternate closely and strike generally
NNW-SSE, Hard meta~-dacites probably with some dozen metres in
width are distributed on the right bank of the damsite.
Weathering will be as shallow as about 7 m at most. The left bank
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of this damsite which corresponds to the right'bank of the saddle
dam I is weathered by around 25 m in depth. :

it is concluded from the review result and site survey that
JICA study result to adopt the rockfill type dam for two saddle
dams is acceptable
(2) Construction materials.

Rock materlals and concrete aggregates

River deposits sultable for concrete aggregates and rock
materials are insufficient in volume.

A proposed quarry site is located 1.5 km north of the
proposed maln damsite. It consists of tuffs, tuffaceous breccias
and rounded conglomerateS‘ However, its surface layer with 10 to
15 m in depth is . weathered and not ‘suitable for rock materials
and concrete aggregate. The available amount. beneath the
weathered zone is enough for dam construction, and suitability of
quality as rock materials and concrete aggregates has been
confirmed by the laboratory test.

Core materials

The borrow site for core materials is situated in the
granite area near the boundary with the Mesozoic sedimentary
rocks, 4 km east-northeast from the proposed main damsite. The
granite mass is heavily weathered by 15 to 20 m in depth. This
weathered granite is adequate for core materials 'in quality since
the material tests show that the materials contain. the natural
water content of 15 to 20% and are well graded. A sufficient
amourit of the core material is supposed to obtain from  the
proposed borrow area. :

It is considered that the JICA study result for rock
materials, concrete aggregate and core material is reasonable.

Filter materials

. There are no descriptions for fllter materlal in the
feasibility study report. The result of field survey in this time
clarified that the suitable filter materials have not been found
around the proposed damsite,-and then it is proposed to obtain
them by crush:ng the rock material at the proposed quarry site.

3.2.2 bDabong damsite

The geological survey for conceivable dam31te was performed
in up and downstream river stretches from the proposed Dabong
damsite aiming at finding out the alternatives for the Dabong
~damsite. The result of the survey clarified that the side slope

of the both river banks becomes gentle in about 10 km long river
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gtretch downstream of the Dabong damsite, while several river
terraces continue in about 5 km long stretch upstream from the
Dabong damsite, and consequently the site superior to the Dabong
site could not be found.

_ The Dabong_damsite is. located about 5 km downstream from
the confluence of the Pergau River :as shown in Fig. III.3.2. At
the damsite, the Galas River passes through a narrow gorge
created by a 300 m high ridge running from north to south.

The East Coast Railways passes through a tunnel (No. 5) at
the right abutment. The submergence of the tunnel will be
unavoidable after the completion of the dam. A saddle dam will be
required at the left bank, if the main dam is higher than E1l.45
m. .

'Geotechnical investigation for the damsite and construction
materials was carried out in 1975 by ENEX. The investigation
report proposes an approximately 50 m high concrete dam.

{1) Geological conditions
Main_dam |

"The river bed at the damsite is approximately 50 m wide and
E1,30 m high. The slope on the left bank, which consxsts of
massive and sound rocks, rises at the gradlent of about 45°. On
the other hand, the slope on the right bank rises at a gradlent.
of 30° up to 20 In in height from the river bed and becomes as
steep as 50 to 55° above it.

The bedrock consists mainly of fine grained schist
apparently derived from the regional metamorphism of argillaceous
or arenaceous sedimentary rocks. The rocks with generally
greenish or pinkish white c¢olour are fairly hard, even
conSLderably foliated, Quartz, muscovite and chlorlte are
.dominant in the rocks. The hardness of the rock is probably due
“to: hlgh quartz content. '

‘Schistosity strikes and dips NS/55-70°W. Since the river
channel . directs north-northeast at the site, the above
schistosity dips toward the river on the right bank. The dip of
the schistosity being steeper than the right bank slope, it will

hardly result in any serious instability.of the slope.

Some ' of. the joints run nearly parallel to SChlStOﬁlty, but
others strike and dip N40°%/50°NW and N80°E/90°. No evidence of
's;gnlflcant faultlng was observed.

The thlckness of rivex depos;t seem8 ‘to. be rather thin.
Overburdens are generally’ thin, because bedrocks are exposed
w;dely_around_the site. However, the debris with sub-angle rocks
of ‘0.5 to 1 m in diameter exists up to 20 m in height from the
ilver bed on’ the right bank, and its thickness is estimated to be
L to 3 m.. :
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Weathering develops presumably within a few metres in
depth. The schists which form the foundation and abutments are
relatively impermeable, because their foliations ‘and folds are
firmly closed. : S o

It is considered from the topographic and’ geological view
point that the site will allow the construction of about 50 m

high concrete graVLty dam.

The - geotechnlcal pOLnts to be taken into account for the
construction of dam are as follows: :

(i) Slope stability at the damsite shall be 'taken into
COnsiderationf‘particularly on the right bank where the schists
steeply dip into the river. Shallow rock slides parallel with the
schistocity planes are possible during excavation. However, there
does not appear to be any- danger of large scale slides at the

damsite.

(ii) Tt is evaluated that no poss.:.b'lllt'y of occurence of
excessive deformation in the schist foundation 'on ‘the dams:te
because of massive and sound rock conditions.

(1ii) Since the railway tunnel located at the right bank of the

~damsite will be submerged after the completion of the dam, the
tunnel will have to be plugged by concrete. Besides, an adequate
treatment by grouting will be needed for stopplng leakaqe.

According to the geologlcal 1nterpretatlon based ‘on the

available data and field reconnaissance for the reservo:r area;
poss;ble landslide areas are not found. : :

Saddle dam

A saddle dam will be needed at the col located approx1mate1y
6 km north of the main dam when the reservoir water level keeps
higher than E1.60 m. The bed rocks underlying the saddle dam
consist mainly of schist. Weathered and ‘pervious zones ‘are
estimated to be deep. .

(2) Construction materials

Concrete agdareqgates and rock materials

The schists exposed at the damsite are consxdared unsultable
for concrete aggregates due to the flakiness of rock fragments. A
quartz porphry dyke crops out near Kg. Kuala Teku, 6 km upstream =
of the damsite, extending south from the Galas River. Being
moderately weathered, the rocks from this area will be suitable
for concrete aggregates and rock materials, if’ the rock becomes
less jointed and fresher with depth

An aplite 1ntruded into the sedlmentary rock is dlstrlbuted

at the opposite side of Dabong. The outcropped rock is massive
and sound, being only slightly weathered. If ample amount -is
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available, this 'aplite -may be suitable for a quarry site of
- goncrete aggregates and rock materials.

- Pinnacles of limestones which may also yield concrete
aggregates and rock materials in good quality are available at 4
km south of the damsite and at Kemubu, about 15 km upstream of
- Dabong. The limestones will be one of alternative sources for
aggregate, since the rocks are exposed and the quarried rocks ¢an
be hauled by the existing railway which passes through the Dabong
damsite.

Sand

Large sand deposits distributed 2 to 3 km upstream of the
Galas River will be suitable for concrete aggregates, but amount
is limited.

Filter materials

- Sand and gravel deposits suitable for filter materials exist
along - the Pergau River. The deposits are composed mainly of
- granitic rocks, quartzose rocks and sedimentary rocks, the size

of which is generally upto 100 mm in diameter. '

Core materials

-~ Residual solls and decomposed rocks distributed around 1 to
2 km. east of the damsite are considered to be suitable for core
materials.

3.2.3  Lower Pergau damsite

The survey to find out the conceivable damsite was performed
for about 20 km long Pergau River stretch upstream from the Galas
confluence. However, there was no suitable damsite superior to -
the proposed Lower Pergau site. It is considered that the
envisaged Lower Pergau site is not always suitable for dam
construction and its height will be topographically limited less
than 20 m.

.. The Lower Pergau damsite is located near Batu Lembu village
-Onjthe-Pergah.River,'apprOXimately 10 km east-northeast of Dabong
~located at the confluence of the Pergau and Galas rivers as shown
in Fig, III.3.3., Geotechnical investigation of the damsite and

congtruction materials was carried out in 1975 by ENEX.

(1) Geological condition
Main ‘dam |

. The valley at the site is widely open. The river bed is 65 m
~wide and El. 33 m high. The slope on the right bank rises at the
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gradient of 25° upto 10 m in height from the river bed and
becomes steeper above it with the gradient of 359; There ig a 400
m wide area on the left bank, in which several gullies run
through the small undulating hills. : :

Bedrocks are sporadically exposed only on the river brinks.
The rocks in the vicinity of the damsite consist mainly of shale
interbedded with coarser grained, indurated tuffs, striking and
dipping NS-N25°W/30°-50°NE. Since joints are developed parallel
to the bedding, the shales are fissile to this direction.

The rocks, especially coarse grained rocks, in this area
appear to be slightly metamorphosed even with the granite mass in
a short distance to west. No major faulting seems to exist at the
damsite. o : :

Weathering on.both_banks is estimated to be considerably
deep, but the outcrops on the river brinks are observed to be
moderately or slightly weathered. .

Due to this topograﬁhic_condition, an about 20 m high dam
will be constructed. Considering this dam height and geological
conditions at the site, an earthfill type dam is considered to be
adopted. It is presumed -that there are no possibilities of
landslide at the damsite and in the reservoir area because the
slope of river banks is relatively gentle,

(2) Construction materials

Concrete aggregates and rock materials

Massive and sound granites are found in a 4 km distance tb
west from the damsite. These granites will be suitable for rock
materials and concrete aggregates. a

Sand and gravel are available in the river bed of '5 km

downstream from the damsite. Amount is limited, so that concrete
aggregates will be obtained from the crushed rocks. ' o

FEarth materials

Residual soils thickly decomposed appear to be suitable for
impervious materials. Two sites  with ample residual soils . are
proposed as the borrow areas. One is located within 1.5 km
distance from the dam on the right bank, while the other is 2 km
on the left bank. '

3.2.4 Kemubu damsite

The survey to find out the conceivable damsite was carried .
out for the Galas River upstream of the existing railway bridge. .
The result of the survey c¢larified that there are three
conceivable damsites, i.e. at about 1.5 km (ENEX No.3), 12 km
(ENEX No.l15) and 18 km (ENEX No.l7) upstream from the existing
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be suitable for the damsite due to its weak rock foundation. At
the uppermost site as shown in Fig. II1.3.4, massive and
‘comparatively sound rocks are found around the both river brinks,
‘and the slope conditions of both abutments are steep and stable,
Consequently, the uppermost site is conceived to be superior to
the other sites.,

(1) Geological conditions
Main_dam |

_ The river bed at the damsite is ‘about 100 m wide and around
- E1.60. m high. The slopes of the both bank are steep.

- Bedrocks consist mainly of schist and volcanics moderately
foliated due to metamorphism. These rocks are exposed along  the
river brinks and slopes of the both banks up to 15-20 m above the
river bed. . : L '

5:._Schistoéity-$trikes and dips, being not clear, probably NwW-
N30°W/60°W-60°E. Joints ars approximately . parallel to
schistosity, o

The ‘thickness of the river deposit seems to be rather thin,
and its ‘thickness is estimated to be 1 to 3 m.

Since the schist exposes on both banks at the proposed
damsite, it is considered that there are no problems for slope
stability during the excavation period and after submergence in
‘the reservoir, '

. .The shearing strength of the bedrocks is evaluated to be
comparatively strong because of their massive and sound
conditions.

'_-'It'is considered from topographic and geological viewpoints
-that it will be possible to construct a concrete gravity type
dam or rockfill type dam with a height of about 50 m.

-~ According to the result of the interpretation of aerial

phdtcgraph and field investigation, possible landslide sites are
not found around and upstream of the damsite.

(2 Construction materials

Rock_materials and_concrete_ aggregates

~ Large pinnacles of'limestones located 6 km northwest of the
damsite are suitable for rock materials and concrete aggregates.
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IFilter materials

Sand and gravel of the river deposits will be used as filter
materials. However, since they are -insufficient in volume, the
filter materials will be secured by c¢crushing limestone at the
quarry site. ' - ' -

Core materials

Residual soils and decomposed rocks distributed around 1 to
2 km west of the damsite are considered to be suitable for core
materials,

3.2.5 Nenggiri damsite

The feasibility study on the Nenggiri dam project was
carried out in. 1986 by ELC. According to this study, the Nenggiri
damsite is located near Batu Baloh, about 30 km upstream from the
Galas confluence as shown in Fig. III.3.5. In this vicinity, the
Nenggiri River forms a meander and flows down northwardly. A high
limestone ridge ranges from north to south on the left bank., The
report proposes a 115 m high rockfill type dam and two 'saddle .
dams with 50'm and 30 m high respectively at the col of the right
bank. - . o

The geological conditions reviewed for the feasibility study
and also based on field survey are as follows: ' S

(1) Geological condition -
Main dam

The river bed at the damsite is about 80 m wide and El. 60 m
high. The slope of the left bank rises gently at the gradient of
15¥. On the right bank, the slope gradient is 25° to 30° upto 150
m in height above the river bed. Massive limestone makes a .
vertical cliff higher than 200 m above it. I '

The geoclogy in the wvicinity of damgite is fairly
complicated. Several kinds of rocks expose along the river. The
bed rocks exposed at the damsite are interbedded meta-sedimentary
and meta-pyroclastic rocks, consisting of quartzites, hornfels,
schists and altered tuffs. o . SRR

The meta-sedimentary and pyroclastic rocks distributed .at
the damsite are massive and hard, even considerably foliated. The
schistosity strikes and dips N60°E - 70°E/40°S - 5095 at the.
‘river bed of damsite. - S S e

Joints developed at the site are closed. No evidence of
major faults is found. - - : e - ' o '

Weathering condition variQS'locally with its depth from a
few metres to more than 15 m. Especially, weathéring is deeply
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developed at the left bank of the damsite, the slope of which may
not be stable. The bed rocks, except weathered zZones, are
evaluated to be impervious according to the result of the
permeability test,

"It is considered from review result and field survey that
- ELC study result to adopt a 115 m high rockfill type dam is
acceptable. Geotechnical points to be considered for the
‘construction of dam are as follows:

(i) The zones thickly weathered are developed at both banks of
the main dam. A special caution should be given for slope
" stability during dam construction. :

(1i) Natural water content of the earth material for .the proposed
borrow pit: ranges from 30 to 40% which is 5% higher than the
optimum water content. An adequate quality control will be needed
for embankment of the core materials. :

(1ii)No leakage around damsite is considered because the
limestone is found at higher place than the dam crest of the
- right abutment. However, there may be a possibility of leakage
~through limestone developed between the main and saddle dams. An
~ddequate treatment sguch as curtain grout or soil blanket for
leakage will be required. : -

The result of the field reconnaissance for the reservoir
area clarifies that the land slide may occur at unstable slope
areas with deep weathering and colluvial zones, but its scale is
considered to be relatively small.

Saddle-dams

_ Saddle'dams have been proposed about 6 km southwest-south
-of the main dam where the reservoir water level keeps higher than
El1.140 m.- : '

- The right bank of the saddle dam I forms a vertical cliff up
- to about E1.400 m, while the left bank rises gently up to E1.200
m, where the saddle dam I is separated from the saddle dam II.
The river bed is flat with about 300 m in width.

.+ The bédrocks underlying the damsite consist of massive and
sound marble on the right bank and river bed, and of weathered
‘metamorphic rocks -on’ the left bank. Residual soils and
intensively weathered rocks are 20 to 30 m deep on the left bank
and around-10 m in the river bed.

R -The'saddle'dam II is located in a small gorge, where both
banks ' have 'gentle ‘slopes. The damsite 'is covered with thick
residual soils and weathered schists of deeper than 50 m.

LIt is éonsidered from these geological conditions that ELC

study result to -adopt the rockfill type dam for two saddle dams
is reasonable. '
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(2) Construction’materials

Rock materxals and concrete aqqreqates

Two quarry sites have been proposed for rock materials and
concrete aggregates: A quarry site comprising meta-agglomerate is
located about 1 km upstream of the damsite and the other
comprising marble or limestone is located about 2 km upstream of

the damsite.

Filter materials

River deposits comprising mainly sand located 3 km to 6 km
upstream of the damsite have been proposed as the borrow sites of
filter materials. However, since a sufficient amount is not
expected, the filter materials should be obtained by - crushing
rock materials at the guarry site.

Core materials

ReSLdual soxls avallable at the left bank of ‘dam have been
proposed as the core material, but natural water content. is
higher than 5% from the optimum water content. On the other hand,
the construction materials for the saddle dams are found to be
obtainable near the damsites. : :

3.3 Downstream Reaches"
3.3.1  Low hilly area

Low hilly areas, from Kuala Krai to Kg. Gondang, con51st
mainly of the Permian sedimentary rocks covered w1th river

terrace deposits.

{1} Distribution

Terrace deposits on both banks of the river. are composed.
malnly of sand and silt, occasionally gravel -and clay. Thickness
is estimated to be less than 5 m. The Permian sedimentary rocks
deeply weathered expose on the. brinks of the river sporadlcally

(2) Foundation condition

It is judged that.'both terrace dep051ts and. sedlmentary
rocks are suitable for the foundation of embankment less than 5
m. In case of concrete structures, a spread rfoundation is
recommended to place on sedimentary rocks by strlpplng terrace
deposits which is estimated to be thin. .
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(3) Embankment materials

Residual soils and decomposed rocks available in the flood
plain. of the Kelantan River will be suitable for levee embankment
- materials.

3.3.2 Alluvial plain

" The alluvial plain forming flat areas consists of fluvial
and marine deposits. The fluvial deposits are composed mainly of
sand, silt, c¢lay, gravel and their alternation. On the other
hand, marine deposits consist of medium-coarse sand and organic
clayey soil behind rised beaches and dunes. :

(1) Distribution

Both banks of  the Kelantan River are mainly covered with
gilt, clay and their alternation of 5 m to 10 m deep, being soft
and loose. Medium-coarse sands with gravels transported by floods
" remain on the river bed, river bar and some parts of the
riverside.

Marine deposxts comprising coastal medium-coarse sand and
organic clayey soil are distributed at and. around the river
mouth. Especially, the organic clayey soil such as peat is
anticipated to form soft foundation. :

(2) Foundation condition

It is estimated that both fluvial and marine deposits are
suitable  for the foundation of embankment with a height lower
than 5 m except for organic clayey soil. If organic clayey soil
indicates -0 to 4 in N-value of the standard penetration test,
foundation improvement will be necessary for consolidation
settlement and sliding.

In case of concrete structures, a spread foundation or pile
foundation will be selected according to the foundation condition
of respective sites.

Regardlng the levee embankment material, clayey soil at the
river banks is considered to be available in the river stretch
upstream from Kota Bharu. However, since the river bank in the
"stretch downstream from Kota Bharu consists mainly of coarse
sand, residual soil and decomposed rocks around Machang on the
right bank and Tanah Merah on the left bank is considered to be
adopted for levee embankment material.

ITT - 17






10,
11,

12.

REFERENCES

"Geélogical.fMap of Peninsular Malaysia (Scale: 1/500,000),

8th Edition 1985, Geoclogical Survey Malaysia

. Mineral Resocurces Map of Kelantan, Peninsular Malaysia
. (Scale: 1/200,000), First Edition 1985, Geological Survey

Malayq1a

Geology and Mlneral Resources of North Kelantan and North
Trengganu, 1967 by S. MacDonald

Annual Report, Geological Survey of Malaybla,-1979 by §.K.

‘Chung

Provisional Draft Report on the Geology and Mineral
Resources of the Gua Musang Area, Sheet 45, South Kelantan,
1963 by E.H. Yin

A Brief Account of the Geology of Sheet 34, 1963 by D.
Santokh 8S8ingh, B. Sc.

The Kelantan River Basin Study, Geological Investlgatlon of
Dam Sites, 1975, ENEX of New Zealand

The Kelantan River Basin Study, Main Report, Volume 3: Flood

Mitigation Projects, 1977, ENEX of New Zealand

National Water Resources Study, Malaysia, Sectoral Report,

Volume 4, Geology, 1982, JICA

Nenggiri Dam Project, Feasibility Study, Volume No. 4,

Geology and Engineering Geology, 1986, ELC Electroconsult,
Milano, Italy

Nenggiri Dam Project, Feasibility Study, Volume No. 5,
Construction Materials, 1986, ELC Electroconsult, Milano,

‘Italy

A Prellmlnary' Assessment of the Mineral Potential in the

Proposed Nenggiri Dam Reservoir Area, Kelantan, 1986,

~ Geological Survey Malaysia

13'

14

16,

A Preliminary Assessment of the Mineral Potential in the

. Area of the Proposed Lebir Hydro-electric Dam Reservoir,
‘Kelantan, 1987, Geological Survey Malaysia

‘A Preliminary Assessment of the Mineral Potential in the

Proposed Kuala Yong Dam Reservoir Area, Upper Sungai Pergau,

-Kelantan, 1987, Geological Survey Malaysia

Pergau Hydro-electric Project, Volume 4 - Geotechnical
Report, 1987, SMEC

interim Repdrt10f Feasibility Study for the Lebir Dam

Project in Malaysia, Main Report, 1988, JICA

ITT - 18



17.

18.

19.
20.
21.
22.
23.

Hydro-geological Report, - Pengkalan Chepa/Kota Bharu,

Kelantan, No. 1, 1977, Geological Survey Report

Hydro-geological
Management,

Geological
Geological
Geological
Geological
Geological

Geological

Kg ‘.

Investigations = Proposed DID Water
ranji, Kota Bharu, Xelantan,

Survey Report

Map
map
Map
Map

Map

(Scale:
-(Scalee
(Scaléa
(Scale:

{Scale:

1/63}360),'Sheet 22
1/63,360), Sheet 33
1/63,360), Sheet 34
1/63,360), Sheet 44
1/63,360), Sheet 45

III - 19



ruLay ) l f : ’&1\&
_\KELANTAN\T
PERAK AWRENG
r 5
\, .

i §_ PAHANG

{
% SELANGOR

l

ANy 51

a

South
Ching Seo

_ - ) ; Tu_m = 5, P "
THATILAND : % B?R';’ ° . feMBiian'. B
. ; ./1' . "}A o [ N
. / b ,.-r-‘ ”."’_ \) o,’._ M-ELAKV
) Fa KOTABHARU - 2
7 | Y3
z>
SINGAPORE
2

I} x

, —Z | South Ching Sea
Ul MACHANG
e

. L3

w‘:) {3) % “‘ E k3 . .
S o’y gﬂﬁ”%§__ { (TERENGGANU)

{1) Lebir dam

(2) Dabong dam

(3) Lower Pergau dam
(4} Kemubu dom

(5) Nenggiri dam

. LEGEND
{PAHANG) ey |nternationel Boundary
—=wy—vu——  State Boundgry
— -~ = District Boundary

o City or Town
===g=== Moin Rood

Ak Railway

~—e—==<_ ‘River

Fig.M.2.1 Location Map of Project Area

 SCALE ' ' GOVERNMENT OF MALATSIA

0 10 20 30 40 S5O0Km - ST

KELANTAN RIVER BASIN - WIDE FLOOD MITIGATION

JAPAN INTERNATIORAL COOPERATION AGENCY

11T - 20



) I | - T T
N : oo ([ 102+ 103y I0a*

AN O\

PERAK \\1 gRENGBARY
1 § 2,

it
South
Chine Sea

PINANG -

o _ : G ,L PAHANG

{
SELANGOR.

- NEGERI
Gﬁmmmri\
— N

"THAILAND

MELAK
-

2
SINGAPORE
. T

{PERAK)

(TERENGGANU)
(1) Lebir dom
(2) bab_ong dam
' (3) Lower Pergau dam
E {(4). Kemubu dom-

(5) Nenggiri dam -

T - LEGEND
=z = u:) 3=yt [nternational ’Béﬁndur_y
—rrn= | State’ ‘Beundary

!""."‘- : Topographical Boundary

{ PAHANG) _ : B Mountainous - Areg

{ upstream }
: : Hilly Area

(mid -~ streem)

: Low Hilly Area
{ dewnsiream )

[ :Flat Area
“( downsiream )
£ :proposed damsite

Flg]ll" 2.2 Topogruphuc Map of the Kelantan Rwer Basin’

SCALE . GOVERHNENT OF MALAYSIA
O 10 20 30 40 50Km STUDY
—_ j — N KELANTAN RIVER BASIN - WIDE FLOOD MITIGATION
’ JAPAN (NTERNATIONAL COOFERATION AGENCY

CIYI - 21



LEGEND

“Ern pented - }Symbot " paseription
' ' : sand (rolaty maclne ) N
1 Altuvtum | - : T
. : . -1 Clay and Silt Linaring) )
Quatsrnary ST
I | peat, humic G d 5t :
Diluvium paat, humic o en - South Chinag
AR Clay, Siit, Sand and gravst
ST S . *_{Gontihgntal) . Seq {3-
Grataceous @ Sondstone with Siltstone A
L Jurassic Gonglorerata and Stale/mudstona I;"':?_f_ A, % o
" Mesozolc - o | Sandstone, Siltstons, Shals MY SRS QTR
triassle. | FE3 | Schist, iimesiona, Volcanlcs Fr el B OTA T
e Tutfs B . . ,f////;,; B}‘EARU S0}
i R a . 2
oarmon I Phyllita, Slate, Shale, < 7 v ///;// R
' Schist, limastong , Volcanics A iR e -
"B Polasozoic - chE, Wines n.a. i conte ,;’/ v ’{AEIRw 25 A A "-/;/ <1\ BACHOK
L : Stlurton | ‘ ; o i v A\
o : _l % ﬁchis:, Ph.);I!t:,iSIurfe;,l i. !f/ ,{;/ 7 ﬁ . //; ;’ﬁ/ o
Ordoviclan | limestons, Sandstone Vo cgn cs 27 o :;/ A s /,«; %
- . L . . [ 7. tad s/
m: Acid Intrusives, malnly geanite . ¢ // /’.' 7 SR
Lo Faun A : Geciegicol Boundary : 3 Q o S ALY,
. § i'Pcoposed dainsite ' : ' ~
. N\ .
Tin A q‘ ANA
g IER
! 0% H
AN e auy
. 7 -1 l
[} 4 1
. . [t [H
! \ : L = H 2
Lo - ) ——— o ?
: R: rr i} &
M e, N { H
. \\\ I E N
o NRNNE _ TERENGGANU

PERAK-

~,

N ow_e‘z' Pergou] | |

A\' \ : .qfw’ TTW
AR _ .%i -

"PAHANG

"_Figi-]l[.z.:‘s Geological Map of the Kelantan River Basin

SCALE © GOVERNMENT OF MALATSIA
TR ; . STUDY
0 Ig) 20 ’3‘0 . 40Km o
b = = ' d - KELANTAN RIVER BASIN - WIDE FLOOD MITIGATION

JAPAN INTERNATIONAL COQPERATION AGENCY

111 - 22



.JQ. Ly

A

WLy )

. R

dd

ry

x

Pk

LEGEND
Damsite

B_c}r‘rqw Site _
{ Core-moterial )

Borrow Site

( filter, Scn_d"moieé‘_idl
Quarry Site

/ Tock material .
( concrete oggregale

.)a | :

Fig. I.3.1 Location Map of Lebir Dam

| KELANTAN RIVER BASIN - WIDE FLOOD MITIGATION

GOVERNMENT OF MALAYSIA
STUDY
: ON :

JAPAN INTERNATIONAL COOPERATION AGENCY




i HAGEE 3 Ip A s 20 B0, T JEN "y L jiiaie -5

-"' : V £ ,,--“.’5-?5\\ (o N ot
NG LRI A

A
INHEARILR
A DAL '

‘u
T

; \g(’ ole
\1)0\ :

1
1}

:‘ I_._‘ _\_‘ b . : . 3 ;3
A O AR -sﬁ«
pes ; - Af
S in'd(} Sl e
A s WA

LN Y l“L_,'}

N ba

.' RO LB A
R g-Pegp’Alés.q 2 Y T
.' 3 L‘—,E-ﬁ’g‘:)-‘ i 5
3

S

R ALY, T B

§C o5
W f g ot
LA

)
"3 -

: ’Itg'eé,-;}

/ARG
o .% 1 ‘E—f""-"

ey
& ,{.\_&;’_?

\-
¥

LEGEND

o

e W] % AP
e £ B SR e Wl o s AR

Damsite

Borrow Site
( Core material )

Borrow Site
( filter ,Sand material )

Quarry Site
rock material
( concrete uggregate)

GOVERNMENT OF MALAYSIA
STubY
_ . ON
| KELANTAN RIVER BASIN ~ WIDE FLOOD MITIGATION

JAPAN INTERNATIONAL COOPERATION AGENCY




@‘.'

SCALE
1 2 3 i
L - i : =

?

Ly
Xy
B

\ fr : ; S SRy 4
, iy
L6 gl
! i Wi £ / 5 j
\‘} 18
A

e

140000 .
Metres €.

LI

~ Damsite
' @ 'Bofﬁo-w. .é.“e,
. -~ { Core material )

"Borrow Site

- (filter ,Sand maferial)

- Quarry Site |
1 é : ('nockjmmeridl ) 1

concrete aggregate

Fig.I.3.3 ~Location Map of Lower Pergau Dam:

GOVERNMENT OF MALAYSIA
sTUDY
. ~ ON PR
KELANTAN RIVER BASIN - WIDE FLOOD MITIGATION

111

25

. JAPAN INTERNATIONAL CCOPERATION AGENCY




[

SN S O

R G
.‘ ”_, i l..l & : *

R Y
gl e F o
AN

o

@
)
Iy :{\ 3

L

g 3"‘,{5:2 : l

&i:--ik LRV AR AN e e '
$ Damsite

Borrow Site
{ Core material )

Borrow Site
{ filter ,Sand maoterial }

Quarry Site
rock material
concrete quregate)

SCALE GOVERMMENT OF MALAYSIA
: STUDY
4] 1 2 3 4 Km : } ON
' E_ } } ] — __KELANTAN REVER BASIN - WIDE FLOGD MITIGATION
JAPAN INTERNATIONAL COOPERATION AGEMCY




{ Core material )

LEGEND
Damsite
‘Borrow Site
Borrow Site
{filter ,Sand material}

Pormmme N
.
N -
R
Cen
3
P
L
290
"ng L
5 m..m..
o5
i MW
2L 0
o

)

\“j'..

3

i i,\:{
&

)

]
Loy

i

.53;\ %

&

i)
7S -

Dam

Fig . lll.3.5 - Location Map Of--';_Neng'gir_i-'

z
=
=
LG
Sz
=3
<  EF=
8
S 8ie
2 Si=
a e
= I
: R
er Em
o Q m.C
Epz¥F
ET _M.
Ew =8
z@ =2
z- wnis
m =T
5 Sz
o - |
-4
<, =
=2
X1z
Mm
<
=
Nlﬁ
=
-
W
=
£
h-4
-
{
o«
W
-
L= S
|8
w

27

CIIX










2.3

2.4

' NhJM

TABLE OF CONTENTS

TNTRODUCTTION & v v v oeeve e senennsevnasns

PROJECT BACKGROUND ......cv0nvvesnansas

Administrative Conditions .......coe..

2.1.1 Administrative divisions ........

2.1.2 Institutions concerned ......... e e e
;  Social_Conditions G eereras e e casne s N >
2.1 Population it s artaceer s e
.2 2 LabouY fOXCE . .viveineresoioroncossannnes
.2.3 Health and education ......... C e ee e e
ECONOMIC CONAiTIONS « ' v venrenrnenneensnnnn. e
2.3.1 Gross domestic Product .....-veveve.n..
2,3.2 Living standard ......0ciciiiivioraanens
2.3.3 PriCeE ..:v'vitvrrnoneracinnosanas e e e s e
2.3.4 Development budget b aear e
Sectoral Profile A AP
4.1 Agriculture cra i i st e e an e coe
.4.2 'Industry, commerce and ServViCe ..........
4.3 InfrastruCture ...:..vovess0s00uas Ce b e e
4.4 Housing conditions ................. e
Present Land USE «..oov.esns. e e
. 2 5 1 General & 8w b ¥ o & B 3 & & q 5 * % & & & b A * & ¢ & & & 8 3 P L]
2.5.2 Present 1land USE@ ...t vt vscesacnsea s e
BASIN DEVELOPMENT FRAMEWORK ....vceoenvannoeenrons
BaSLn s Role in the Region .....cvvevinn o

_3;2j

3.1.1 Existing development plans ....

Socio~economic Impacts of Flood Mitigation .....

"3.,2.1 Negative socio-economic impacts
3,2.2 Positive socio-economic impacts

(1)

nnnnnnnnn

CC L B L I

L A A )

3.1.2 Development potentlals and flood mltlgatlon ..

Page
+ . IV"‘l
. & IV"2
LS IV""2 )
LI IV"’?
. s % IV"B
LR ] IV"4
..... IV-4
. . ) IV"’G
..... IV-6
..... Iv-7
. Iv-7
e * IV"‘B
e o0 IV“‘g
3 .. IV“"g
* . ° IV"’lo
. s ] IV-].O
a e . > Iv‘ﬂ’ll
E valz
. . IV—'].?.
L ) Iv-ls
LI I IV"]—S
Iv-17
e a8 s IV“].B
LI I I IV"18
[ I I IV"'lg



3.3 Socio-economic Projection .......c.ven

3.

4

3.4.1
3.4.2 Land use plan ....

Living standard

L B

o e W
o ot W

Land Use Plan ......oeveos

General ........

(ii)

Population ....evaeensns
.Gross domestic product ........

Budgetary allocation ....

#6088 v

0o s a0

* @ »
. + .
¢ 6 & B L)

B N

L S |

. o© e .
.

L] L) -

A AN

. 0.

* = =

Page

CIV-19

Tv-19
IV-20

Iv-21

. IV-21

. IV-22

Iv-22
Iv-23



Pable No.

'Iv;é.l
IV.2.2
IV.2.3

Iv.2.4

IV.2.6
IV.2.7
IV.2.8
IV.3.1.
1V.3.2
Iv.3.2
IV.3.2
1V.3.3
IV.3.3
IV.3.3
v.3.4

IV.3.5

LIST OF TABRLES

Title
Population of Kelantan, 1970 to 1980 ...........
Population Density of._KelantanP 1970 to 1988 ...
Characterisﬁics of Population in Kelantan ......
Employment of Kelantan by Sector,
1980 to 19B8 ... viniiiinninnnns e e e ce
GDP of Kelantan by Secﬁor, 1980 to 1988 ........
‘Annual Rate of Price Rise, 1980 to 1988 RN
‘Fifth Plan Allocations, 1986 to 1990 Ceveeerane
Land Use, Kelantan 1966 to 1988 ............ e
Negative Socio~economic impact ....vveeevasansas '
‘Population Forecast, Kelantan (1/3) e
-~ do -~ (2/73) ceviiiininn
- do - (3/3) v -
Population Density Forecast, Kelantan (1/3) ....
- do - . (2/3) ....
- do - (3/3) ...,
GDP Férecast, Kelanﬁan ...... BRI Ve e
L&nd Usé ?orécast, Kelantan ........ et

(iii)



LIST OF FIGURES

Fig.No. 'I.'itle . Yage
IV.2.1 Districts of Kelantan ....coveuisaecsrcsnensessos IV-43
IV. 2 - 2 Preseﬂt I.land USe - .o .. ..a LU S R AL DR R .v . ® Z{V““44 :
Iv.3.1 Development Plan of Majilis Perbandaran |

Kota Bharu & & 8 # ¥ & B 4 o8 2w b ® 7 & 3O DI T T T A T Y S TR ) -' '8 4 9 @ IV'—46

(iv)



1IVv.  SOCIO-ECONOMY

1. INTRODUCTION

The State of Kelantahnlies at an eastern part of Peninsular
Malaysia with a land area of 14,943 km“, accounting for 4.5% of
the total land area of Malaysia.

The State has an estimated population of 1,091,756 as of
1988, out of which 78.8% live in the northern sub-region
ococupying 16.4% of the total land area in the State. On the
other hand, the southern sub-region with 83.6% of the State area
is the abode of 21.2% of the State people. The population of the
State corresponds to 6.4% of the national population.

The State economy is dominated by agriculture with 70% of
population, 50% of work force and 30% of GDP. The area of 65% in
North Kelantan 1is used as agricultural land, while 86% of South
Kelantan is covered with forests.

One “difficulty that the economy of the State confronts is
low. productivity of the agricultural sector due to an adherence
to the traditional farming practices.  Another bottleneck is the
narrow base of -the manufacturing sector; that is, this sector
‘shares 7.3% and 4.5% of State employment and GDP, respectively.

The GDP of the State is. estimated at M$2,684.4 million in
1988. at market prices, accounting for 3.4% of the national GDP.
Per capita GDP works out at M$2,459 or US$983. . This living
standard might be equal or higher than per capita GDP’s in most
of ASEAN countries, but it is only a half compared with the
national average, resulting from a backwardness of the productive
sectors as mentioned above.

- The majority of the Kelantan people reside on both sides of
the Kelantan River practising agriculture. The Kelantan River can
bring enormous benefits to the people as a source of water
- supply, irrigation and power generation.

. On the contrary, the Kelantan River annually brings
extensive economic losses and human sufferings by flooding.
Furthermore, the threat of floods contributes to such negative
psychological attitudes that farmers tend to be reluctant to
adopt modern agricultural technology, and industrialists would

refrain from investing in flood prone areas.

*The'harnessing-bflthe Kelantan River for flood mitigation as

~well ‘as for - other purposes is therefore the prerequisite to
develop the State into a modern economy.
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2. PROJECT  BACKGROUND
2.1 Administrative Conditions

Malaysia with a land area of 329,745 km? is ‘composed of
Peninsular Malaysia and. the two Rega_ons of 'Sabah and  Sarawak.
Peninsular Malaysia is divided into Northern, Central, Eastern
and Southern Regions. The State of Kelantan belongs to Eastern
Region and is one of eleven States in Peninsular Malaysia.

2.1.1 Admlnlstratlve divisions

The State of Kelantan normally divided into North ‘and South
Kelantan is composed of ten. Districts as shown in- "Fig.IV.2.1;
Bachok, Kota Bharu, Machang, Pasir Mas, Pasir Puteh and Tumpat in
North Kelantan and Tanah Merah, Jeli, Gua Musang ‘and Kuala Krai
in South Kelantan. Each Dlstrlct comprises several Daerahs, the
number of which reaches 67 in the whole State. Under each Daerah
there are several Mukims. :

There is a District Office in each District. ‘Kota Bharu is
the capital of Kelantan as well as the development centre of
North Kelantan. Gua Musang is on the other hand the development
centre of South Kelantan. Other major towns are Bachok, Machang,
Pasir Mas, Pasir Puteh, Tanah Merah,_Rantau'Panjang, Jeli,
Tumpat, Kuala Krai, Chiku, etc. Six Daerahs including -Bandar
Kota Bharu in Kota Bharu District are under the jurisdiction of.
MPKB (Majlis Perbandaran KXota Bharu) or Kota Bharu Municipal
Council. : : : :

The State Government 00n31sts of 15 departments and offlces
as shown below'

Departments and offices of Kelantan State

—
ek
e

Office of Chléf Minister (Menterl Besar) and State
Secretary o
State Assembly Office

Land and Mine Office

Ten-District Office

Forestry Department

Drainage and Irrigation Department

Agriculture Department .

Public Works Department.

Islamic Affairs Department

Welfare Department

Public Service Commission :

Town and Country Planning Department

State Treasury Department

Veterinary Department

State Development Office

P P b b e e o S o o o, o
MW OWOWD I P W

P e, i,

The State Goverment is headed by Chief Minister (Menteri
Besar). Chief Minister's office is responsible for overall
~planning, administration and financing for the State of Kelantan.
The State Govermment considers that the future of Xelantan hinges
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on. the development of agriculture, infrastructure and human
rasources,

2.1.2 Institutions concerned

The institutions/organizations in the local government which
are directly and indirectly related to flood mitigation proiects
are‘SEPU;'DID,-Agriculture‘Department, Town and Country Planning
Department, “Public Works Department, KESEDAR and - Forestry
Department, while National Electricity Board, Geological Survey
Department -and Department of Environment as well as EPU and DID
headquarters are directly and indirectly related in the federal
level. Out of them, SEPU and DID are two major institutions
- directly connected with flood mitigation projects.

SEPU is an organization under State Secretary Office. Under
Director SEPU there are two Principal Assistant Directors : One is
-in charge of economy and the other 'is responsible for sector.
Under Principal Assistant Director (Economy) three Assistant
Directors "are assigned; Assistant Director (Statistics),
Assistant Director ‘(Regional Development) and Assistant Director
(Manpower . Also, under Principal Assistant Director (Sector)
- four  Assistant Directors are assigned, i.e. Assistant Director
(Agriculture), Assistant Director (Infrastructure), Assistant
Director “(Industry) .and Assistant Director (Community
Development}). '

‘Basic/principal functions of SEPU are co-ordination of
planning processes for project implementation to determine
priorities of programmes and projects towards distribution of
financial allocations, to prepare economic¢, technical and
financial- analysis in project implementation and to review State
development - requirements. in co-operation with the relevant
authorities at Federal Level. ' '

DiD is ‘a department belonging to the federal and local
governments. In the federal level, DID is placed under the
Ministry of Agriculture, while six sections are organized under
Director in the local level; Administration, Mechanical Unit,
Planning, Federal Unit, and East and West Regions of the Kelantan
River. '

‘Federal Unit implements Federal development projects.
Planning Section consists of Planning and Design, Surveys and
_InveStigations,'Analysis-and Monitoring Progress of Projects and
Hydrology. Main functions of Planning Section are planning and
~designing of proposed irrigation and drainage projects, carrying
out ‘surveys and investigations for proposed projects, updating

brogress ‘of projects, collection/processing of hydrological data,

~flood forecasting and "investigation of water resources. - The
_SQCtions in~charge of East and West Regions of the Kelantan River
'have*several'District Offices under their jurisdiction. Their

main functions are operation and maintenance of completed
PXxojects, implementation of development projects and river
Conservation works.
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2.2 Social Conditions
2.2.1 Population.

The population of Kelantan is estimated at 1,091,756 in 1988
as shown in Table IV.2.l1. District-wise, Kota Bharu District has
the biggest population of 357,995, accounting for 32.8% or
almost one third of the State population. -~ The population of
Pasir Mas District is 142,867, which is placed second and
accounts for 13.1%.  The third place is occupied by 'Tumpat
‘District, whose . population of 104,492 accounts for 9.6% of the
State -population. = Gua Musang - District has  the smallest
population of 28,198, corresponding to 2.8% of the -total
population in KXelantan. The population of Jeli Digtrict is
37,120, which is the second smallest, sharing 3.4% of the State
population. : _ : '

Kota Bharu is the capital of Kelantan. It consists of six
Daerahs; Badang, Xemumin, Xota, Lundang, Panji and Bandar Kota
Bharu. The population undexr the jurisdiction of Kota Bharu town
council, MPKB, is estimated at 224,719 in 1988, constituting

20.6% or one fifth of the population of Kelantan.

North Kelantan has the land use area of 246,364 ha,
accounting for 16.4% of the total land use area in Kelantan.
This sub-region occupying a fraction of  the State area
accommodates the population reaching 859,369, or 78.7% of the
State population. Conversely, South Kelantan commands - the -land
use area of 1,257,645 ha, covering 83.6% of the total land use
area in the State. This bigger sub-region is however -inhabited by
a.fewer people of 232,387, accounting for only 21.3% of the State
population. PR K

~ The population of Kelantan grew during the last inter-censal
period of 1970 to 1980 at the average annual rate of 2.6% (refex
to Table IV.2.1). It is estimated that population is growing at
the average annual rate of 2.5% since 1980, o S

There is a difference in the pace of population growth among
Districts. The population of Jeli District is growing at .the
fastest average annual rate of 5.4% since 1380. - The population
of Gua Musang District is also growing fast at the annual rate of
4.8%. Population growths in all Districts in South Kelantan are
greater than the State average. ~Thus, the average annual growth
rate in the whole of South Kelantan works out at 3.8% ‘from 1980
to 1988. In contrast, population of all Districts. in North
Kelantan except Kota Bharu District is growing at a- lesser rate
than the State average. Especially low growths of population are
witnessed for Machang and Pasir Puteh Districts. in these two
decades: Average annual growth rates are 1.5% 'and 1.6%
respectively. The population in the whole of North Kelantan is.
growing at the average annual rate of 2.2% since- 1980. . The
population of Kota Bharu District has grown from 1980 .to 1988 at
an average annual rate of 2.8%, while a slightly higher rate. of
2.9% for the area under MPKE. s e
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It can be said from the above that there are two major

streams of intra-State migration; in-migration to the city of
Kota Bharu from other parts of the State and migration from North
-Kelantan to South Kelantan. This phenomenon is in line with the
Government policy that farmers in the North are transferred to
rubber and oil palm plantations in the South, thereby lifting
their - standard of living and at the same time lessening the
imbalance existing between the two sub-regions. Also the
‘Government is developing Kota Bharu and other major towns to
provide employment opportunities to rural workforce.

" The av%fage density of population in Kelantan is estimated

at 72 per km“ in 1988 as shown in Table 1IV.2.2. District-wise,
Koga Bharu District has the highest population dens%}y of 889 per
km followed by TumpaE!'District of 576 per km‘ and Bachok
District of 324 per km<. Gua Musang District has the lowest
popul&tionigensity of -3 per km“. 'The second anﬁgthird lowest are
28 per km“ in Jeli Distriect and 38 per km“ in Kuala Krai
‘District. The average gensity of-populatign in North Xelantan
works out at 84 per km*, while 16 per km“ in South Kelantan.
There is a clear contrast in the density of population between
'thg two sub-regions. Population density of MPKB is 1,782 per
km*, which is by far higher than that of any District or Daerah.

. According to Population Census 1980, population at age
groups 0 to 14, 15 to 64 and 65 and over accounted for 42.6%,
53.3% and 4.1% of the total population in Kelantan respectively
as shown in Table IV.2.3; that is, population of productive age
is a little greater than dependent population. Male-female
distribution is 48.9% for male and 51.1% for female. Ethnically,
93% of the State population is Malays, followed by 5% of Chinese,
1% of Indians and 1% of Others. The ethnical composition of the
State population is markedly different from that of the national
‘population. At the national level 58% of population is Malays,
followed by 32% of Chinese, 9% of Indians and 1% of Others,

During the last inter-censal period of 1970 to 198C there
were 30,000 in-migrants and 62,800 out-migrants in Kelantan,
working out ‘at the net migrants of minus 32,200. It means that
there was an average annual net out-flow of 3,220 people from the
State during that period.

; The_population of the whole of Malaysia in 1988 is estimated
at 16,968,000, of which the population of Kelantan accounts for
6.4%, ' '

"3Bch'crﬁderbirth”énd death rates of Kelantan are higher than

those of the national average. Urban-rural distribution of the
State .population was 28% and 72% ‘in 1980, while that of the
~ hational population was 34% and 66% in the same year, The

-average number of members per household was 5.08 and the average
- number of households ‘per house was 1.04 according to Housing

Census 1980.
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2.2.2 L.abour foroe

The total number of employeés in Kelantan is estimated at
327,658, in 1988, occupying 30.0% of the total population as
shown -in Table IV.2.4. Out of it, 158,329 or 48.3% fall under
the agricultural, forestry and fishery sectors- this is, ‘a half
of the workforce in the State relies on a llVlng to a single
biggest sector. The government services sector -is the second
biggest sector employlng 57,545 persons or 17.6% ‘of "the
workforce, C

The wholesale and retail sector is placed third with  the
employment of 32,402 and the share of 9.9%. The fourth and fifth.
places are occupied by the construction sectoxr and the.
manufacturing sector respectively. The former has the employment
of 26,607 or 8.1% of the workforce, and the 1atter has the
employment of 23,954 or 7.3% of ‘the workforce. =

Summlng-up,rthe estimated employment ‘structure: of ‘Kelantan
in 1988 ‘is 48.3% for the primary industry, 15.5% for the
secondary industry and 36.2% for the tertlary industry.. The -
estimated employment structure of Malaysia in the same year is
35.3% for the primary industry, 21.6% for the secondary industry
and 43.1% for the tertiary industry. It can be said from the
above that the proportlon of the employment in the primary
industry in the State is markedly hlgher than that in the nation,
while the proportion of the employment in the secondary industry
in the State is substantlally lower than that ln the natlon.

The employment in the agrlcultural, forestry’ and flshery
sectors in the State is decllnlng -‘at an- average ‘annual rate of
0.1% since 1980. Whereas, the employment .in the construction
sector has grown at an average annual rate of 11.0%. There is a

wide difference in the growths of employment among sectors.  The
employment in Kelantan is as a whole estimated to have grown for
these eight years at an average annual rate of 1.8%. This rate

is 0.7% lower than the estimated growth rate of the ‘State
population ~in the same period, resulting in a Tise of
unemployment. The unemployment rate of ‘the State was 8.1% in
1985, while that of the nation was 7.6% in the same year. =

2.2.3 ‘Health and education

The number of beds in hospitals increased from 789 in 1970
to 1,574 in 1986 at an average annual rate of 4.4% in Kelantan.
Also, the number of health facilities ‘(hospitals and health
centres) in the State increased from 21 to 46 at an average
annual rate of 5.0% during the same period. Comparing with an
average annual growth rate of the State poPulatlon in 'the
correspondlng period, 2.6%, the physical aspect of health
services per capita is lmproving at a remarkably high pace

Nevertheless, some gaps s8till remain in overall health

environment between Kelantan and Malaysia. For instance, the
infant mortallfy rate was 22.9 in Kelantan in 1983, while 20.3 in
Malaysia in the same year. The incidence of typhoid and
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dysentery in the State was 50.3 and 13.8 per 100,000 population
' reSPectively in 1984, while the incidence of the two infectious
diseases in the nation was 13.1 and 10.1 per 100,000 population
respectlvely in- the same year. The number of doctors per 10,000
populatlon in 1985 was 1.6 in the State compared with 3.2 in the
nation, ~“Population served with piped water in the same year was
32.8% in ‘the State compared with 69.9% in the nation.

“The number  of students in Kelantan increased from 92,872 in
1966 to 251,404 in 1986 at an average annual rate of 5.1%. Also,
the number of teachers in the State increased during the same

period from 3,994 to 11,495 at an average annual rate of 5.4%.
. These rates are just twice'as“high as the average annual growth
rate of the State population in the same period. Thus, it can be
- said that educatlonal standard and env1ronment in the State are
rapidly improving.

"However, some gaps still remain in education between
:Kelantan and.jMalay51a - For instance, an illiteracy rate was
36.8% in Kelantan in 1980, while 24.5% in Malaysia in the same
year. Also, population with no schooling was 45.5% in the State
in 1980, while 35.5% in the nation in the same year.

2.3 Feornonic Conditions
2.3.1 ‘Gross domestic product

~The Gross Domestic Product (GDP) of Kelantan for 1988 is
estimated at M$2,684.4 million at market prices as shown in Table
1v.2.5, while GDP of Malaysia is estimated at M$78,458 million at
market prices for the same year. Therefore, the State GDP as
percentage of the national GDP is 3.4%. This ratio is much
‘smaller than the populational ratio of 6.4% as well as the areal
ratio of 4.5%. Kelantan is implied to be economically a
?developing"'State-in Malaysia.

Sector-wise, the agricultural, forestry and fishery sectors
w111 produce an amount of M$772.3 million in 1988, accounting for
28.8% of the ‘State GDP. This sector is the single biggest
contributor to the economy of the State. The government services
sector is placed second, producing M$677.9 million and sharing
25.2% of the State GDP. The third and fourth places are occupied
by tle 'banks, insurance and real estates sector and the
transport, -restaurants and storage sector, respectively. The
ddded value of the former will be M$334.0 wmillion, accounting for
12.4% of th’e State GDP. BAnd that of the latter will be M$273.3
~million, accounting  for 10.2% of the State GDP. The
_manufacturlng sector’'s contribution to the economy of Kelantan is
: conflned to 4 5%, '

: Summlng up, the industrial structure of Kelantan is
‘estimated at 28.8% for the primary industry, ,0% for the
secondary industry and 60.2% for the tertiary lndustry in 1988,
while 21% for the primary industry, 37% for the secondary
~industry and 42% for the tertiary industry in the nation in the
Bame year. One striking feature of the State economy is that the
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secondary sector is in the low level compared with the primary
gectorx. _ A

The primary industry’s contribution to the State employment
is 48.3%, while the same. sector’s contribution to the State
economy is 28.8%. It means that the labour productivity of the
primary industry in the State is in a great degree lower than the
State average. Also, the secondary industry’s share in the State
employment is 15.5%, while the same sector’s share in the. State
Gbp is 11.0%. It implies that labour productivity of the
secondary industry in the State is markedly lower than the State
average. The tertiary industry is estimated to produce the added
value corresponding to 60.2% of the State GDP with an employment
constituting 36.2% of the State workforce. L

In a nutshell, the economy of Kelantan is characterized by
two aspects; that is, a primary industry which is given a
priority in the State economy as well as a secondary industry
which is not given a proper place in the State economy suffers
from low productivity. : :

Economy of Kelantan is estimated to have grown from 1980 up
to 1988 at an average annual rate of 6.1%. Sector-wise, the
construction sector is growing at the fastest average rate of
12.2% per annum. The transport, restaurants.- and: storage sector
is also growing fast at an average annual rate of 11.9%.  The
government services sector and the banks, insurance and real
estates sector occupy the third and fourth places, growing at an
average annual rates of 9.1% and 7.3%, respectively. .However,
two productive sectors which foxrm the mnuclei of the State
economy, i.e. the agricultural, forestry and fishery sector and -
the manufacturing sector, are growing at lower rates than the
State average; the former at a rate of 2.9% per annum on an
average and the latter at a rate of 5.7%. It means that the
shares of two sectors in the State economy are shrinking.

2.3.2 Living standard

The per capita GDP of Kelantan is estimated at  M$2,459
(refer to Table 1IV.2.5) at market prices in 1988, ~which is
equivalent to US$983 at an exchange rate of M$2.50 to US$1.00.
This standard of living might be equal or higher than per capita
GDP’s in most of the ASEAN. countries. But,.the per capita GDP of
Malaysia in 1988 is estimated at M$4,624 and the living standard
of the State is therefore only a half compared with. that of the
nation. : ' SRR - -

The per capita GDP of the State is. estimated to have grown.
at an average annual rate of 3.5% since 1980. In 1982 the average
monthly household income per capita was M$92 in Kelantan compared.
with M$128 in Peninsular Malaysia. In 1984 the incidence of
poverty (ratio of the number of households whose monthly income
is below M$330) was 39.2% in Kelantan compared with 18.4% -in
Peninsular Malaysia. : N o '
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2.3.3 - Prices

The movements of prices in Malaysia for the last decade were

-charactérized,_by' remarkable stability. In 1985 and 1986 the
international prices of the major export items of Malaysia such
as c¢rude oil, tin,  rubber and sawlogs plunged sharply. As a

result GDP deflator recorded a negative rise and consumer prices
rose less than one percent during that period as shown in Table
IV.2.6. :

. The average annual rate of rise for GDP deflator during the
period of 1980 to 1988 was 1.6%. Also, the average annual rate
of rise for consumer prices was 4% during the same period.

2.3;4. . Development budget

The Malaysia Plan (1986-1990) allocations for Kelantan stand
~at M$1,807 million as of May 1988, corresponding to 13.5% of the
estimated cumulative GDP of Kelantan during the same period.
Looking -back over the wpast, the Third Plan (1976-1980)
allocations for Kelantan were M$1,744 million, accounting for
5.4% of the entire allocations for Malaysia. Also, the Fourth
Plan (1981-1985) allocations for the State were M$2,653 million,
accounting for 5.4% of the national allocations. -The Fifth Plan
(1986-1990) allocations for the State as of 1987 accounted for
6.5% of the national ‘allocations as shown in Table IV.2.7. This
budgetary share for Kelantan matches with the populational share
for the State. It is noted regarding the Fifth Plan allocations
that they are by far small compared with the immediate
 pbredecessor.  This situation:is in line with the Government
poliéy.of-privatization,_where the role of the private sector is
slressed and pushed as the leader in the management of the
economy, -while the government is put in a position of the
coordinator., :

The average share of the allocations to the economic sector
during the last three plan periods reaches 74% for Kelantan.
Whereas, it dis 63% for Malaysia. This fact clarifies the extent
of emphasis that the government of Kelantan places on the
economic development of the State. Also, the State government has
given the average allocation share of 17% to the social sector.

- Most of the allocations to the economiec sector in the State
are spent on agriculture and infrastructure. And most of the
allocations to. the social sector are spent on education. A clear
- plcture emerges from the above that the development strategy of
the State Government centres on the development of agriculture,
human resources and infrastructure.

- As regards:to'the sources of the budgetary funds, about 20%

'tome*frOm the State’'s own coffer and the rest are provided by the
Federal -Government in the form of grants or soft loans.
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2.4 Sectoral Profile
2.4.1 Agriculture

Supporting 70% of populatlon, employing 50% of workforce,
producing 30% of GDP and using 20% of land area, the agricultural
sector plays and will continue to play a major role for the
socio=-economy of the State.

There are four main crops, i.e. paddy, tobacco, rubber and
oil palm. Paddy is the most important crop in the State with the
annual planted area of around 70,000 ha and the annual production
of about 200,000 tons. The. State s share to national paddy
production with'around’l 5 million tons a year 1is therefore :as
much as 13.5%. Paddy is not only consumed WLtth the State, but
also exported to other States. :

Tobacco is grown under the Federal guidance to 1lift the
economic status of the farmers concerned. Green tobacco leaves of
7 to 9 million tons are annually produced with the planted area
of around 10,000 ha. National quota is more or less 10 million .
tons, resultlng in the Kelantan'’'s share of- 80% or so to the total_
productlon of tobacco. : .

Rubber is one of traditional crops in the -State. Now
replanting of the crop is. in progress, and 60% out of 130,000 ha
has been replaced with young plants. The State shares about 30%.
to the total production of rubber with the annual average
production of 45,000 tons. : : S P :

0il palm is grown like rubber mainly for export.  For the
past 20 years the planted area of oil palm has dgrown ‘to 60,000 ha
at an average annual rate of 24%. In 1988, Kelantan is estimated-
to produce 84,000 tons of palm oil, which will correspond to 1.7%
of the total production in Malaysia.

Paddy and tobacco are mostly grown in North Kelantan.
Whereas major plantations of rubber and especially oil palm are
found in South Kélantan. - Other important crops are coconut,
cocoa, groundnut, vegetables, fruits and so on. :

Livestocks, a non-crop product belonglng “to the prlmary
industry, are important as a supplementary income source to the .
farmers in Kelantan. In 1988, the State is estimated to ‘have
cattle and buffalo population of around 130,000, ‘which will
correspond to 15% of the:said population over the whole Malaysia.
Up to 1988, grazing reserves of 4,178 ha have been developed.

2.4.2 Industry, commerce and serv1ce

In 1988 the manufacturlng lndustry in Kelantan is expected
to produce the added value of M$121 million and to employ
workforce of 23,954. GDP and employment of the manufacturing
industry are estlmated to be 4.5% and 7. 3% for the State total

respectlvely.
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_ ~Most of the manufacturing industries in the State fall under

the category of the so-called agro-industry or the 1like, i.e
wood, rubber, food and tobacco industries. Undergoing only a
primaxry processing, the resultant products are not high in terms
of the added value.

.~~~ The number of registered industrial establishments in the
State is estimated at 624 for 1988 and the " average number of
workers per such an establishment is 25. Actually, it is
estimated that there exist about 5,000 establishments when the
gso-called cottage industries are taken into account. Then, the
average number of workers per establishment is reduced to 5.

~“In 1988 commerce and service industries in Kelantan are
- expected to produce the added value of M$825 million with the
total employment of 50,537. fThe industries comprise wholesale,
retail, transport, restaurant, storage, banks, insurance and real
estate. GDP and employment are estimated to be 30.7% and . 15.4%
for the State total respectively. The estimated number of
establishments under this sector is 8,854 and the number of
workers per establishment works out at §.

2.4.3 Infrastructure

~Infrastructural deficiency in both quantity and quality has
been habitually cited as one of major factors retarding the
economic growth of the State. It is said that isolation of the
State is confined to the traditional agriculture-based self-
sufficient economy. The Government has persistently placed the
highest priority on infrastructural development against such
‘background.

: "Road length in 1987 is 2,004 .km, out of which 1,225 km is
State roads and 749 km is Federal roads. Noteworthy events for
the last a few .years are the development of the Kuala Krai-Gua
Musang-Kuala Lipis Highway, Jeli-Dabong-Gua Musang road and East-
West Highway. The Kuala Krai-Gua Musang-Kuala Lipis Highway links
'the*northern'Sub~region with the southern sub-region as well as
with other States. The construction of the Jeli-Dabong-Gua Musang
road . -connects the Sg. Pergau - Sg. Galas Valley with the new
growth centre of ‘Gua Musang, and the opening of the East-West
Highway links not only Kelantan but also the East Coast with the
northern West Coast of Peninsular Malaysia.

‘Railway runs in parallel with the Kelantan River starting
from - Tumput down to Gua Musang and beyond. The total length
within the State is 207 km. Besides the highway and railway
networks, there is a air system, which connects Kota Bharu with
major cities in Malaysia with several daily flights,

. Qut of the urban population of 216,000 in the State, 140,887
Oox 65.2% were served with urban water supply in 1985. Likewise,
‘out of the rural population of 789,480, 189,392 or 24.0% were
served. ‘The total average service ratio works out at 32.8%. Per
capita' daily consumption was 137 litres. The existing water
~Sources are groundwater and the Kelantan River water.
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An electricity supply network is linked to the National
Grid. The ratio of households with electricity supply in Kelantan
was 62.8% in 1985. The number of electrLClty consumers as. of
1987 was 186,110, :

2.4.4 Housing conditions

It is ‘estimated that there exist 203,057 houses now in
Kelantan. According to Housing Census 1980, 95.3% were detached
houses and 94.3% were owned by individuals. Also, the average
number of persons per household was 5.08 and the average number
of households per house was 1.04. :

Regarding to the condltlon of houSLng unlts, 81.9% were seen
as sound, 14.2% as deteriorating and 3.9% as dilapidated. Aas for
toilet faCllltleS, 48.2% has no toilet, followed by 35. 0% of poux
- flush, 9.3% of pit and 5.2% of flush system.

The average purchase price of a. plank house with the floor
space of 217 m® is M$42,098. The price of a brick & plank. house
with the same floor space as above is M$58,373 § xd that of a
brick/concrete house with the floor space of 235 m“ is. M$71,675.
There is a movement in the ‘government quarters to supply go0-
called low cost housing with the average purchase price of around
M$20,000 to the economically dlsadvantaged classes.

2.5 Present Land Use
2.5.1 - General

74.4% of the State, 1,504,009 ha, is covered with forest,
and another 21.3% is planted w1th agricultural crops in 1988 as
shown in Table IV.2.8 and Fig. IV.2.2.; that is,®  95.7% of the
State areas are occupled by forest and agrlcultural lands.

When Kelantan is divided into the northern and southern sub-
regions, -another aspect emerges. North Kelantan has the. land
areas of 246,364 ha, accounting for 16. 4% of the.. total State
area. Out of it, 160,379 ha or 65.1% is agricultural land, and:
49,434 ha or 20.1% is forest and related land. South Kelantan
commands a land area reaching 1,257,645 ha, accounting for 83.6%
of the total State area. - Qut of lt, 1,086,088 ha or 86.4% is

forest and related land, and 160,204 ha or 12 7% is agrlcultural_

land. North Xelantan is said- to be dominated by agrlculture,
while v1rtually a forest land in South Kelantan. Lo L

2.5.2 Preseht-land use

Urban and assoc1ated areas composed of urban,'estate
buildings, mining and power line and other associated areas are.
estimated at 5,365 ha as of 1988, accounting for 0,4% of the
total State land ..area. They have grown at an average annual:
rate of 2.2% from 1966 to 1981. It is assumed that the same rate
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can be applied since 1981. The rate is a little lower than 2.5%,
which is the estimated average annual growth rate of the State
population during the same. pericd. Population density in the
urban areas may be rising. District-wise, Xota Bharu with 2,381
ha occupies 44.4% of the total State urban and associated area.

: Out of 320,583 ha of agricultural land areas in 1988,
129,413 ha or 40.4% is the rubber plantation area, followed by
71,248 ha or 22.2% of paddy fields and 61,261 ha or 19.1% of oil
palm plantations. The combined acreage of these three major
crops works out at 261,922 ha, accounting for 81.7% of the total
State agricultural land area.

_ ~During the period of 1966 to 1981, rubber acreage grew from
91,285 ha to 142,209 ha at an average annual growth rate of 3.0%,
Since 1981, however, the outward expansion of rubber land has
stopped. And now -an emphasis is upon the intensive utilization
of the existing rubber areas by replanting. Now 60% of the total
State rubber area has been replanted with young trees. Even
distributed all over Kelantan, rubber areas are especially
concentrated in the three southern Districts of Kuala Xrai, Tanah
Merah  and Gua Musang. 65% of the total State rubber area is
located in South Xelantan. '

During 22 years from 1966 to 1988, o0il palm plantations have
multiplied 123 times from 497 ha to 61,261 ha. This trend will be
kept up into future. District-wise, 74.6% of the total oil palm
areas in the State are only shared by Gua- Musang District. South
‘Kelantan’s share of oil palm acreage reaches 96.9%.

-Paddy as well as timber and livestocks has an important role
in the agricultural economy of the nation. Paddy area is. rather
on the decrease in statistics, because agricultural policy
towards paddy has revolved around intensive use of the existing
areas through modern agricultural technology such as irrigation,
fertilizers, pesticide and improved variety of seeds. Paddy
fields are distributed all over Kelantan, but three bistricts of
Pasir Mas, Kota Bharu and Pasir Puteh distinguish themselves with
more than 10,000 ha of paddy areas. North Kelantan shares 89.5%
of total paddy areas in the State.

Tobacco is normally grown in paddy areas. The acreage of
tobacco for 1988 is 8,219 ha. Although there are fluctuations in
the yearly acreage of tobacco, a trend is rather upward.
District-wise, Bachok, Pasir Puteh and Pasir Mas have the acreage
of ‘more than 1,000 ha. North Kelantan dominates in tobacco
pPlanting areas with the share of 95.8%.

The- Government is making a great effort to develop grazing
Treserves considering the important place of Kelantan in livestock
farming. as of 1988, 4,178 ha has been developed, of which 2,385
ha or 57.1% belongs to Pasir Mas District. North Kelantan shares
89.9% of pasture reserves. .

The rather even distribution of agricultural land as a whole

over the ten Districts is striking. Also, it is noteworthy that
agricultural land is. almost evenly shared by North and South
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Kelantan; although the comparative pos;tlon of agriculture
between two sub-regions is different. The area for agricultiural
land has grown at an average annual rate of 1. 9% ‘during the
period of 22 years from 1966 to 1988. - -

Forest is decreasing .along with. grasslands and swamps at an
average annual rate of 0.4% since 1966. The trend will be
maintained or intensified -in future as the economic development
of Kelantan progresses. - As: of. 1988,.South Kelantan possesses
95.6% of the total forest and related area ln the State, most of
which falls under Gua-Musang District.

IV - 14



	ANNEX Ⅲ　GEOTECHNICAL INVESTIGATION 
	3. GEOTECHNICAL CONSIDERATION
	3.1 General
	3.2 Conceivable Damsites in the Mid-stream Reaches
	3.2.1 Lebir damsite
	3.2.2 Dabong damsite
	3.2.3 Lower Pergau damsite
	3.2.4 Kemubu damsite
	3.2.5 Nenggiri damsite

	3.3 Downstream Reaches
	3.3.1 Low hilly area
	3.3.2 Alluvial plain


	REFERENCES
	FIGURES

	III.2.1 Location Map of Project Area
	III.2.2 Topographic Map of the Kelantan River Basin
	III.2.3 Geological Map of the Kelantan River Basin
	III.3.1 Location Map of Lebir Dam
	III.3.2 Location Map of Dabong Dam
	III.3.3 Location Map of Lower Pergau Dam
	III.3.4 Location Map of Kemubu Dam
	III.3.5 Location Map of Nenggiri Dam


	ANNEX Ⅳ　SOCIO-ECONOMY

	TABLE OF CONTENTS
	1. INTRODUCTION
	2. PROJECT BACKGROUND
	2.1 Administrative Conditions
	2.1.1 Administrative divisions
	2.1.2 Institutions concerned

	2.2 Social Conditions
	2.2.1 Population
	2.2.2 Labour force
	2.2.3 Health and education

	2.3 Economic Conditions
	2.3.1 Gross domestic product
	2.3.2 Living standard
	2.3.3 Prices
	2.3.4 Development budget

	2.4 Sectoral Profile
	2.4.1 Agriculture
	2.4.2 Industry, commerce and service
	2.4.3 Infrastructure
	2.4.4 Housing conditions

	2.5 Present Land Use
	2.5.1 General
	2.5.2 Present land use




