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VI.  ENVIRONMENTAL IMPACT STUDY
1. INTRODUCTION

The land in the study area, i.e. the Kelantan River basin is
topographically classified into two; hilly and flat land in the

northern part and mountainous land in the southern part. The
northern part is well developed as agricultural lands. The
southern part is reserved as forest lands. Various kinds of

wildlives and aborigines in Malaysia called Orang Asli inhabit
and migrate in the forest land. In fact, the southmoest area is
enacted as Taman Negara ‘(National Park) for protecting wildlives.
'On the other hand, logging activities in this forest land
progxess in-a considerably high pace as a major source of foreign

 ‘exchange earning.

_ ‘Flood ‘mitigation in the downstream reaches of the Kelantan
River is contemplated by regulating flood flow by the reservoirs
created by dam in the upstream reaches. and river improvement in
the downstream river stretches. The dam schemes conceived to be
promising for flood mitigation are the Kemubu and Lebir as shown
~in Fig. -VI.1l.1., These ‘two dam schemes are finally selected as
the structural measures for the flood mnitigation in the
downstream reaches of the Kelantan River. : :

The proposed two dam schemes are located 'in the southern
hilly and mountainous areas covered with forests, and will have a
considerably large reservoir area, resulting in property losses
due to submergence and environmental changes. Considering these
points, the objectives of the environmental impact survey are
focussed on the following:

'tho analYSe the:présent environmental status of the Kelantan
River basin, and - _ :

- to point out environmental problems in relation to basin-
- wide flood mitigation plan, especially the creation of
‘reservoirs by dam schemes.

~'The following two environmental impact assessment reports
are ‘available in this study area;

(1)-‘Nehggiri Dam Projéct Feasibility Study
- _-Environmental Impact Assessment  (September 1986)

(2) Environmental Impact Statement for the Lebir Dam Project in
Malaysia (February 1588) .

_ - The environmental impact survey in this study 4is in
Principle based on the review of the above two reports. In this
Pre-F/S Report, the present environmental status in the Kelantan
River basin is ‘presented. S :

?Sincenthe creation of reservoirs by dam is conceived to have

Considerable-impacts to the surrounding environment, following
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items will mainly be surveyed in the Kelantan '‘River basin
focussing on the impact due to the creation of reservoir:

- River Environment (water quality, and fish and fisheries)
- Flora

~ Fauna

- Ethnicity

- Public Health.
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.2, PRESENT ENVIRONMENTAT, STATUS OF THE PROJECT AREA
2;1 ;Géneral

The objective of this section is to understand the present
environmental status of  the :project area in relation to river
environment, flora, ‘fauna, ethnicity and public health which are
ant;c;pated to ‘bhe 1nfluenced by the c¢reation of large scale
reserVOLrs. : .

2.2 River Environuent
2.2.1 General

The Kelantan Rlver drains a total —area of 13, 100 km? and
comprises virtually the whole of the State of Kelantan located in-
the north-eastern part of Peninsular Malaysia. The basin area is
bounded “by. the State of Perak and Thailand on the west, by the
State of Pahang on the south and by the State of Terengganu on
‘the east, _

o Main-fributarles of  the Kelantan River are the Galas and
Lebir rivers. The Galas River is further lelded into . the
Nenggiri ‘and Pergau rivers. _

.Organic;pollution in the rivers is caused by domestic and
industrial sewage in the urban areas and effluent from rubber
factories, palm oil mills and animal husbandries 'in the rural
areas. Fig. VI.2.1 shows the oxganic pollution sources in the
'Kélantan._Rlver, which are mainly located downstream of Kuala
“Krai. A part of waste water: from Kota Bharu, which is the
largest pollution source in the basin, drains to the Kelantan
River some 10 'km 'upstream from the estuary, resulting in no
direct relation with this environmental impact study.

2.2.2 'Water‘qﬁélity of the K&lantan River'system

Chemlcal quallty of surface water in the Kelantan River was
recently. surveyed by DID at five monitoring stations as shown -in
‘Fig. VI.2.2,  The results of analyses are shown in Tables VI.2.1
to VI.2.3.  On the other hand, some environmental impact
assessment “of ‘dam projects in the Kelantan River reports the
results of water quallty survey as shown in Tables VI.2.4 and
VIL 2.5, ,

'() ‘PH.

= The. Kelantan. River system, is in- general neutral with pH
“values. ranging from 6.3 to 7.6 (refer to Tables vI.2.1 to
VI.2,3). A little lower value representing slightly acidic water

~ is observed at the Lebir River. . Fig, VI.2.3 depicts the
-Varlatlon of pH values observed at Guillemard Bridge.
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(ii) Suspended solid (S8S)

Suspended solid in water samples shows high concentration
with the range of 5.0 to 244.0 mg/l in surface water as given in
Fig, VI.2.4. High concentration of suspended solids detected in
the Kelantan River is considered to be associated with heavy
rainfall prior to sampling. At the monitoring stations located
upstream, 85 level is relatively low. However, river water
presents a reddish brown colour which indicates characteristics
of laterite.

(iii) Dissolved oxygen {DO)

Dissolved oxygen measured in the Kelantan River indicates an
amount of more than 7.0 mg/l except for the measurement on
September 15, 1987, the level of which accounts for high
saturation as given in Fig. VI.2.5.

(iv) Biochemical oxygen demand (BOD)

BOD concentration in the Kelantan River is low except for
the measurement on July 28, 1987 as shown in Fig. VI.2.6. This
means that there are no high pollution sources along the Kelantan
River.

(v) Total phosphorus (T-P)

The level of phosphorus indicates the values of (.08 to 0.60
mg/l in the Kelantan River., This high level of phosphorus is
likely to be associated with heavy rainfall prior to
sampling; that is, heavy rainfall flushes out sediments deposited
in the riverbed. On the contrary, the level of phosphorus in the
upper reaches of the Kelantan River indicates the low values of
N.D -~ 0.23 mg/l at the Lebir River and 0.01 - 0.07 mg/l at the
Nenggiri River (refer to Tables VI.2.4 and VI.2.5).

(vi) Other parameters related with water guality

Although the Kelantan River is a tidal river, the average
of the chloride level is 2.8 mg/l at Guillemard Bridge.
Therefore, there is no influence of tide in the middle stream of
the Kelantan River. Further discussions on salt water intrusion
are discussed in the Master Plan Study (Annex VI of Part I).

The level of all metal ions is low in all the water samples
obtained from the Kelantan River system.
2.2.3 Fish and fisheries

(1) Fish fauna

The number of species of fishes that inhabit in rivers,
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stream and swamps in Peninsular Malaysia is probably less than
two hundred. This is far less, of course, than sea fishes, but
the fresh-water ones are not without economic importance.

- The Kelantan River system is well known as an abundant area
of freshwater fishes. Table VI.2.6 shows the fish species in the
Kelantan  River system. ‘Besides, ‘there ‘'are some rare and
endangered fish species in the Kelantan River system as given in

- Pables VI.2.7 and VI.Z.8.. ' ' ;

(2) Fisheries

o Thejexiﬁtingjfisheries'in the Kelantan River system consist
mainly of artisanal fisheries in a small scale. The majority of
participants within riverine fisheries is part-time fishermen who
catch fish mainly for their own consumption. There is only a
small group of fishermen who actively participate in the
fisheries in full time. ' '

The majority of part-time fishermen within the Kelantan:

River system = fishes ‘using artisanal gears such as hand lines,
- cast nets, small gill nets and traps. : '

-j,The;moSt_common.sPecies_are:Lompan Jawa, Lee Koh, Tongsang
‘Makan Rumput, Tongsang Kepala Besar which constitute about 60% of
‘the total freshwater fish production in 1985 as shown in Table
VI,2.92.  Recently, the production of Jelawat and Udang Galah is

‘increasing.

2.2.4. Assessméht*of eﬁiéting river environment
(1) Water quality

The water guality of the Kelantan River system in its
upstream and middle stretches is not highly contaminated except
for the total phosphorus. The level of total phosphorus indicates
the high value in middle reach of the Kelantan River. While, the
level of  Suspended Solid indicates the high value. This high
-level is considered to be caused by crumbly laterite of river
‘banks, ' I ' '

. ‘The water quality in the'downstream stretch of the Kelantan
River ‘has been deteriorated by industrial and domestic sewage,
especially by sewage from Kota Bharu. :

(2) Fish and fisheries

S  jThereﬂar§ 55:3p¢¢iés-obsérved:in the Kelantan River system.
‘However, it is impossible to assess the number of species of fish
fauna . in the Kelantan River system from these data. It is

r&QQrted_thaﬁfthere-are_some'rare'and endangered fish species in
fthe'Kelahtan*River gystem.
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2.3 Flora
2.3.1 - General

" The %}ora of Malaysia (Peninsular Malaysia and Singapore,
132,100 km*) is exceedingly rich, and is conservatively estimated.
to comprise 7,900 ‘species and , 1,500 genera of seed plants. While,
the British Isles (311,000 km#) in ‘the north temperate zone have
an area 2.3 times larger than Malaysia, but the kind of species
is not so much as being 1,430 species (18%) and 628 genera (42%)
native. : S

_ Sumatra,~Malay5ia[andFBorn90;-lying.on"theYSunda”shélf in
the centre of the western part -of ~the Indo-Malaysia tropical’
forest, have close floral similarities, but' there are also marked
diversities among species ‘in the different regions of the
tropical forest. B o : ' : TR B
2.3.2 ° Forest

The natural vegetatiocn in'the”Kelahtan:RiVer_basin'mdstly
consists of tropical rain forest which has  the most complex and
abundant species. This -forest mainly ¢onsists of lowland
Dipterocarps. ' R L e

‘The type of vegetation in the Kelantan River basin will be

classified into the five categories, i.e. (i) lowland Dipterocarp '

forests, (ii) hill Dipterocarp forests, ' (iii) riverine
vegetation, (iv) secondary vegetation which is defined as planted

forest and (v) mixed vegetation which is the combined type of the’
riverine and secondary forests. Although there are ‘no  data
showing their distribution, it_is;présumedgthat'lOWland'andThill'
Dipterocarp forests are located in the upper reach of the
Kelantan River basin, and riverine vegetation 'is located -along
the Kelantan River system.  Almost all secondary vegetation ‘and’
mixed vegetation are located in the middle and lower reaches of
the Kelantan River basin. s a SO S T E

According to the foregoing two EIS'regoits, thereTare§ﬁo_
data about precious or rare species in the Kelantan River basin,
Tow EIS reports described as follows;

Lebir dam project;

There was a total of 452 ‘samples in Plot 1 comprising 122
plant species from 79 Genera and 35 Families. In Plot 2
only 311 specimens were recorded and 'was. made up - of 95
Species, 65 Genera and 27 Families. When the two plots were
combined, 185 species were recorded consisting of 102" Genera
and 40 Families. Those species common ‘to the both ‘plots
were very few. ~This represents a typical distribution of

the plant species in tropical zones. T
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‘Kemubu dam project;

There. are various endemical species of plants and ferns in
‘the examined area. Hibiscus floccolusus, a 25 m high tree,
‘is- a regional species which could be an attractive
ornamental tree. Another regional species is Ficus
- gemicordata which bears fruits at ground level. Among rare
- ferns are to be guoted the epiphyte Davallia corniculata,
" two - terrestrial species (Amphineuron terminans and
. Mesophlebion trichopodum} and two new species for the
region, Lygodium auriculatum and Osmunda bachelli.

.. While, in respect of the nature consexrvation, forest reserve .
‘areas are designated  in the . south-ecast . ~and south-west of the
State  of ‘Kelantan as ‘shown in Fig. vI.2.7. A part of Lebir
- reservoir is in the forest reserve area.

2.4 Fauna
2.4i1  General

 Animals ‘of south-east Asia are divided into two groups
corresponding toﬂthevSﬂnda-and‘Sahul shelf areas by the Weber's
line. "Animals in Malaysia belong to the Sunda group.

" The Sunda group is an extensively placental mammal fauna and
of clear continental Asiatic origin. It includes primates,
tigers, elephants, monkeys. - and unqulates. Majority ‘of them is
strictly arboreal and is living in the dense forest for habitat
and food. ' : _

2.4.2 ~ Present status of fauna
(1) Mammals

It is stated in the previous EIS reports that the mammalian
fauna in the §tate of Kelantan is rich. Mammals recorded in the
‘upper“reaches:of'the'Kelantan River system are shown in Table
VI.2.10. Among those mammals, eight species are endangered. They
are;Stump+téiléd-macaque, Indian elephant, Red dog, Leopard
‘panther, Malaysian tiger, Banteng, Malaysian tapir and Sumatran

~.rhinoceros.

_ 'Iﬁ Péninsular Malaysia, there are two most popular macaques
- Observed. They are Long-tailed and Pig-tailed macaques. However,

Lt becomes very difficult and rare to observe them at hinterland
areag. .. . . . : : _

7f2) _AVifauna3
o }TabiesQVI;2.1l shows .the bird record in the project areas.
This table shows that 65 species for Lebir dam project have been

Observed,  Among these species, pheasants,  hornbills and
- tarnivorous birds are considered to be endangered,
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The pheasants are ground 'liiring birds that "ar}ef found in
primary and secondary forests. The outstanding one is Great Argus
Pheasant which is normally found in primary forests.

The hoxnbills are the primary indicators of tropical
Diptexocarp forests. According to the previous studies, six
species are observed. They are Black hornbill, Rhinoceros
hornbill, Helmeted hornbill, Wrinkled hornbill, Bushycrested
hornbill and Wreathed hornbill. . : L '

Carnivorous birds are famous for their wide terrvitory during
their food .phase of livelihood,” and six species are observed.
They are Black eagle, Crested serpent eagle, Short-toed eagle,
Blythis hawk eagle, Black kite and Black-shouldered kite. -

2.4.3 Assessment of existing fauna

- Fauna in the State of Kelantan is rich and comprises typical
tropical species. Furthermore, many endangered species are:
observed. They are Stump-tailed macaque, Indian elephant, Red
dog, Leopard panther, Malaysian tiger, Banteng, Malaysian tapir,
Sumatiran rhinoceros, Pheasants, Hornbills and carnivorous birds.
The reason why such abundant species exist in the basin is due to .
the fact that the Kelantan River basin still keeps the abundant
nature in spite of the progress of land development. & :

2.5 Ethnicity
2.5.1 = General

The popﬁlatiOn_is overwhelmingly Malay (92.4% of the
population) in the State of Kelantan. Chinese constitute 5.6% of
the population, while Indians and others constitute 2.0%. -

It is reported that Orang ‘Asli, indigenous ‘group of
Malaysians, is gradually accepting to live in the specific area
adjusted: by the Orang Asli Department (JOA). But, its progress is.
rather slow. , _ L '

The current. population.  of Orang Asli is about 72,000 in
Peninsular Malaysia, sharing less than 0.5% of the Malaysian
population. Orang Asli is classified intoc three ethnic groups
which comprise various tribes; Negritos, Senoi and Proto-Malay.

‘The Negritos, the smallest ethnic group, is considered as
the earliest migrant group among the present West Malaysian
inhabitants. They are nomads living in ‘the north of the
Peninsular such as the States of Perak, ¥Xelantan, Xedah and
Pahang and alsc in South Thailand. o L e

The Senoi constitutes thellargest ethnic,grdup,_ahd:ES_

- localized mainly in the centre of the Peninsular such as the
States of Pahang, Perak and Kelantan. = - B SR
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- The Proto<Malays speak an archaic form of Malay and are
concentrated - in the south of Peninsular. The way of life is
similar to that of the rural Malays.

_ Among the Orang Asli, arcund 60% are living in the jungle,
while some wvillages are located near Malay villages. Their
economy is based on hunting, fishing, gathering wild roots,
cutting and selling rattan or product of temporary jobs.

There are 18 settlements of Orang'Asli in the survey area
as shown in Fig. VI.2.8. Population and member of families are
- ghown in Table VI.2.12.

The biggest settlement is Kuala Betis which is located along
the : Nenggiri River., Almost all settlements of Orang Asli are
observed along the Nenggiri River system, and all settlements are

‘located in the upper reaches of the Kelantan River system.

2;5.2 -~ Brief description of the settlements

: - ‘There .are 18 settlements of Orang Asli in the State of

Kelantan. Almost all settlements were established by JOA which’
‘has provided = schools, clinics and religious schools. A main
objective is to provide a more permanent settlement to the Orang
Asli. . -

Orang Asli has no common public facilities like hospitals. A
new -approach should be considered to. integrate the Orang Asli
communities with the general Malaysian communities, when the
resettlement of COrang Asli is unavoidable for the implementation
of projects. o

| 2.5.3 . .Sdcio~demographic_profilé

- The: majority of Orang Asli living in the State of Kelantan
is Senoi and Negritos. They may be further classified into
dialect groups. The difference between  dialect groups is not
- significant since they understand each other and mix freely.

.+ . Orang Asli has been treated as nomadic hunting and gathering
people who mainly subsist on wild tubers, fruits, and small game
which ‘they hunt with blow pipes and poisoned darts. They are
thexefore'dependent on the forest for their livelihood.

Orang Asli has a strong sense of solidarity to survive in
the forest. They. go hunting in groups, and all the forest
. Products captured are shared by all. They have no concept to keep
private property besides only a few basic essential household
items. = On the other hand, there are households with better
: living‘quarters.having more modern essentials such as radio and
clothings. The women folk are already using cosmetics.

_ _”ﬁthgrbeen observed that political power is almost non-
existent'in'thelorang Asli communities. Decisions concerning the
~Problems .of the community are made through discussions among its
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members. Their traditional way of"life'"based “on hunting and
gathering forest products prevents from making their community
larger. - ' : . Lo o L BieiE

- Athough authority in terms of power relationship is weak,
there are leaders in the Orang Asli communities. They are called
"Penghulu®s (headman) in the Malaysian language. The status of
headman is bestowed by JOA. The headman has the power to relate
with outsiders. o : '

2.5.4 Assessment of existing ethnicity

The economy of ‘Orang Asli is still based on forest products
such as hunting, fishing, gathering wild roots, cutting ‘and
selling ‘rattan.  Orang Asli ‘has a strong sense of community
attachment. _ o , : : -

If the development of Lebir and Kemubu dam schemes requires
the resettlement of Orang Asli, ‘an attention ‘should be drawn to
search the relocation places so that they can keep their way of
life. : ' : - _ D e

2.6 Publicfﬂealth
2.6.1 General

Malaria, acute respiratory infections and diarrhoea diseases
have high infection percentage. However, the most "prevalent
disease is malaria in the State of Kelantan. It 'is raeported that

schistosomiasis is not in fashion in Peninsular Malaysia.

Malaria is a disease transmitted from person to person by
certain species of mosquito belonging to the génus Anopheles, and
causes acute bouts of fever which recur ~at intervals. Table
Vi.2.13 shows the biological information on Anopheles, R

Although malaria has been eradicated in some countries, it
'is still a major public health problem in many parts of ‘the world
including Malaysia as shown in Fig. VI.2.9, ' :

The control measure for the particular species of Anopheles
has been established, however, this control measure is mnot
applicable to other environment:and species. It will neéed niuch'
time to eradicate malaria. ' ' ' o

2.6.2 ‘Present. status of_mélaria

Malaria in the State of Kelantan tends to increase little
by little until 1986, while the ‘number ‘of ‘occurrence de¢reased in
1987. Furthermore, malaria  cases ‘'in the State of Kelantan ‘share’
high percentage in Peninsular Malaysia in spite of all efforts of
the Department of Health at Kelantan as shown in Pig. VI.2.10.

Figs. VI.2.11 and VI.2.12 show malaria cases 'per 1,000
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populaticon in the State of Kelantan and infection area,
- respectively, Gua Musang is the highest infectious area, followed
by -Kuala Krai and Jeli. Almost all the upper xreaches of the
Kelantan River system are in the infection or prone area.

On the other hand, the newest statistics on malaria cases of
Orang Asli have shown that there were 1,320 malaria cases in
Kelantan as compared with 115 cases in. 1980. One of reasons for
the increase of malaria cases is that remote areas become more

- accessible, and due to this transportation, more acdcurate number

of the malaria cases is confirmed.

. According to the Department of Public Health, now DDT
(Dichloro ‘Diphenyl Trichloro Ethane) is only one insecticide
which exterminates Anopheles.

2.6.3 Assessment of existing public healthm

The most serious problem for public health in the State of
Kelantan 'is to 'share -high percentage in malaria cases among
- Peninsular Malaysia.: Furthermore, the hinterland of the State of
Kelantan is the highest infectious area of malaria. Unceasing
efforts are required to eradicate malaria in these regions.
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3. ENVIRONHEHTAL IMPACT BY THE LEBIR AND KEHUBU DAM SCHEHES

Flood mltlgatlon in the ‘downstream reaches of the Kelantan
‘River is contemplated by regulating flood f£flow by Lebir and.
Kemubu dams in the upstream reaches and river lmprovement ln the
downstream river stretch : :

The creation of the reservoir by dam will bring about the
transformation of the existing natural riverine ecosystem to 'man-
made lacustrine ecosystem, ‘although thls change may be brcught
with some time lag.

As for riverx envxronment, the level of total phosphorus is
not so high at the upper reaches of the Kelantan River ‘system
that the eutrophlcatlon will not oceur by nutrients from rivers
which flow in a reservoir. However, the value of parameters
showing water pollution such as BOD and COD will increase. To:
cope with such pollution of the watex quallty, burning of trees
in the reservoir area would be one of approprlate measures.

With the change in. the river env1rcnment that river changes
to reservoir, the fish fauna is ‘anticipated  to change to
lacustrine fauna. But, it is considered that many existing fish
‘species would be able to adapt to the new environment. :

The existing EIS reports state on flora that there exist no
precious or rare species and forest groups in the proposed
reservoir areas, so that it is not expected at this moment that
dam construction will give env1ronmental impacts on preCLous or
rare species.

The c¢reation of  the reservoir area due. to the dam
construction may result in the 1mpact to animals lnhabltated“
there. However, since broad rain forest is spreadlng' in the-
upstream reaches of the Kelantan River basin, it is ‘considered
that the creation of reservoir scarcely: exerts to living of the
wildlives.

There are many settlements of Orag ASll in the ‘upper basin
of the Nenggiri River, many of which are not located in ‘the
proposed Lebir and Xemubu reservoir areas. However, it is
necessary for Orag Asli to look for the appropriate resettlement
place so that they can keep their way of llfe, when their
settlement is submerged under both reserveirs. .
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4.  ENVIRONMENTAL IMPACT BY RIVER IMPROVEMENT

River improvement by levee construction will be carried out
between Kuala Krai and the estuary as part of the overall flood
mitigation works of the Kelantan River. Since a 5 m high class
levee will at most be constructed along the river, it is not
‘considered that river improvement would cause the notable
environmental impact.

- However, there may be a discussion that  the value of 88
- (suspended solid) will increase during the construction of levee.
‘The S5 level undexr the natural condition is so high that slight
increase ‘of turbidity will hardly cause the environmental impact.
It is finally noted that it would be convenient for riparian
- people to provide gentle slopes or stairs on the levee.
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 ‘Table V1.2.6
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Acrossocheilus deauratus-Kelah putih
Acrossocheilus hezagonolepis-Tengas
Acanthopsis choirorhynchos-Pasir, Pali
Barbichthys -laevis-Butu hulu

Barilus guttatus-Sikang

Channa micropeltes-Toman -

Channa -striatus-Aruan
Cyclocheilichthys apogon-Temperas
Cyclocheilichthys' armatus-Temperas
Epalzeotrhynchos siamensis-Selimang siam
Hampala macrolepidota-Sebarau
‘Helostoma temmincki-Tebakang
.Kryptopterus cryptoterus-Lais
‘Labiobarbus lineatus-kawan
Leiocassis &p.

Lobocheilus cornutus-=Jemerong
Luciosoma trinema-Nyusr
Mastacembelius armatus-Tilan
Mystacoleucus Marginatus-Sia

Mystus Nemurus-Baung

Mystus planiceps-Baung-

‘Mystus baramensis-Baung

Mystus wyckii-Tengku loah

Mystus sp.-Baung - . -
Notopterus chitala- Belida

Puntius binotatus-Tebal Sisik

M. chilopterus-Sia

Nemacheilus sp.-Pasir

D R e e e e v A Y ED B S e e e o = e e mp T e e o WA b e =

List of Fish Species in the Kelantan River System

Osteocheilua hasselti-Terbol
Osteocheilua microcephalus-Rong
Osteocheilua spilrus-Rong
Osteocheilua melanopleura-Kelabu
Osphronemus goramy-Kalui
Osteochilus hesselti-Terbui
Pangasius microneus-Lawang
Pangasius sp,-Patin (Cat fish)

‘Pristolepis fasciatus-Patong

Puntioplites Bulu-Tenggalan
Puntius daruphani-Kerai
Puntius schwanefeldi-Lampang Sungei
Puntius lateristriga-Bagoh
Puntius orphoides-Pipi merah -
Rasbora elegans-Selung
Rasbora bankanensis-Selung
Rasbora dusonensis-Selung
Rashora smatrana-Selung
Scleropages formosus-Kelisa
Tetraodon fluviatilis-Buntal

Tor Tambr01des Kelsdh

Wallage Attu-Tapah

Mcrobrachium rosenbergii-Udang galah
Clyptothorax major-DEPU

G. platypogonoides-Kenerak Batu

L. lepetocheilus-daun

Laides hexanema- juara

Source: (1) Environmental Impact Statement for the Lebir Dam Project in

Malaysia (Feb. 1988)

(2) Pergau Hydroelectric Project

Volume 6 Environmental and Socio-economy Study (June 1987)
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Table VI

2.7

Endangered Species

Scleropages formosus
Notopterus chitala
Rasbora dorsioceilata
Barilius guttatus
Puntius pentazona
Probarbus jullieni

Balantiocheilos melanopterus
Cyvclocheilichthys heteronema
Macrochirichthys macrochirus
Labiobarbus leptocheilus

L. ocellatuy

L. fiamensis

L. lineatus

L. sumagranus

L. fasciatus

Tor tonbroides

7. soro

Lobocheilus comutus
Tylognathus caudimaculatus
Barbichthys laevis
Epalzeorhynchos kalopierus
Crossocheilus oblongus
Homaloptera zollingeri

Sphaerichthys osphoronemoides

Betta pugnax

B. splendens
Helostoma temminckii
Luciocephalus pulcher
Monoprerus albus

VI
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List of Endangered Species ( Fish Fauna )

Acanthopthalmus kuhlii
A. anguiilaris

A. muraeniformes

A. vennicluaris

Botiu hymenophysa

B. modesta

Lepidoeephalus octocirrhus
L. macrochir

Silurichthys phaisotna
Kryptopterus micronema
Wallago attu

Prophagorus nieuhofi
Bagarichihys hypselopterus
Mystus wyckii
Aerochordonichihys ichnosoma
Parakysis verrucosa

Laides hexanema

Anguilla bicolor

Channa micropeltes

C. lucius

Tyichogaster leert
Osphronemus goramy
Parosphronenus deissneri
Nandus nebulosus
Pristolepis fasciatus
Glossogobius giuris
Oxyleotris marmoratus
Mastacembelus maculatus
M. armatus



pable VI

+2.8 List of Rare or Fxtinct Species ( Fish Fauna )

Rare nr Extinct Species

Chela johorensis
C letbuca
€ maasi
C maculicauda
Rasbora dorsimaculata
R. bankanensis
R. borapetensis
R, caidimaculatg
R. dusonensis
R. kalochroma
fomaculata
- R. taeniata
R. paucisquamis
R, vaillanti
R. pauciperforata
‘R, tasbora
R. laterisiriaia
R meinkeni
R myersi

Puneus douronensis

P. burmanicus

P belinka

P, baranoides

P strigatus

P. everetti

P leiacanthus

P, birnwistief

Acrossocheilus hendersoni
A, dukai

Mystacoleucus chilopterus

Osteocheilis microcephalus

Q. spilurus
O. kakajanensis
. triponis
- O. brachynotopterus
O. kelabu
O. waandersii
Cyclocheilichthys zwaani
C siafa
C janthochir
C.amatus
C repasson
C. lineatus
C. erioplos _
Labiobarbus bunnarnicus
L. cuvieri
Horaloptera foharensis .
H. nigra C
-H. leonardi
- M. ogilviei
H. smitht
H. weediei
- H wassinkii | _
Acanthopihainius javenicus

A shelfordi

A. pangia
Cobitophis perakensis

- Nemachetlus fasiatus

N, masyae

Lepidocephalus furcatus
Vaillamella maassi
Silurichthys indragiriensis
S. schneideri

Owmpok leicanthus
Kryptoprerus limpok

K. macrocephalus

K. cryptopterus
Wallagonia leeri

W tweediei

Siluroides hypophthalmus
Parasilurus cochinchinensis
Clarigs melanoderma

C lelicanthus

C. teysnanni
Encheloclarias tapeinopterus
Leiocassis bicolor

L baramensis

L. fauscus

L. micropogon
L. stenomus
Batasio tengana
Mystus wolffi
M. johorensis
M. gulio
M pahangensis
M. micracanthus
" Glyptothorax platypagonoides
G. platypogon
Acrochordonichthys melonogaster
" A. nugosus
FPangasius ponderosus
2. polyuranodon
Hentiramphus tweedie
Doryichthys deokhatgides
Channa bistrintus '
C puncatuls
C orientulis
C melanosoma
C maruloides
C. gachue
Betta picta
B. taeniata
B. anabantoides
B. fusca
B. bellica

- B. brederi

‘Macropodtus cupanus
“Belontia hasselti

. Nandus nandus

Oxyleotris urophthalmus
Macrognaihus aculéatus

" Mastocemmbehus perakensis

M. unicolor

M erythrotaenia
M. guntheri

M. circumcinctus
-Chonerhinus naritus
C modestus
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Table VII.2.10 Mammals Recorded in Precious Survey
( Lebir Dam )
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Hylobates agllls—Aglle gibbon

Macaca arctiodes-Stump tailed macague

Rattus sabanus-Long tailed giant rat
Bandicoota indica-~-Large bandicoof rat

Tupaia glis-Common tree shrew = = .

Rattus whiteheadi~White headed rat

Tragulus jJavanicus-Lesser mouse deer
Trimevesurus sumatranus-Sumatran pit viper
Macaca fascicularis-Long tailed macaque

- Corvus unicolor-Sambur

Muntiacus muntjak-Barking deer

Sus spp.-Wild pig

‘Tragulus napu-lLarge mouse deer

Elephas maximus-Indian eleghant

Cuon alpinus-Red dog

Ratufa bicolor-Black giant squirrel

Ratufa affinis-Cream coloured giant squirrel
Petaurista petaurista-Red giant flying squlr
Hexrpastes sp.-Mongoose

Panthera pardus-Leopard panther

Presrtytis obscura-Dusky leaf monkey
Panthera tigris-Tiger

Felis marmorata-Marbled cat

Bos javanicus-Banteng

‘TPapirus indicus-Malayan tapir

Acrtitis binturong-Binturong

Dicerorhinus sumatransis-Sumatran rhinoceros
‘Hystrix brachyura-Malayan porcupine

—— A i O sl e L A — o YrE B 5D To W mmy Wb e e S N M YO W SN W M DS M SRS W A T WS g I T
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Table VI.2.12 Population and Family Numbex
in the Orang Asli Settlements

AL A8 S A A WY WA AT e o TS L M Wy G e i v e e S s e T ey g e G e mast T SO TR A ke (A At e aa® AR Al Y Gk ey S Sk A Y S Ey

Name of Settlewment Population Family
1.Blau 217 47
2.Kuala Betis 1,050 315
3.7Tohoi ' 144 34
4.Gemalah 35 24
5.Wias 288 . 40
6 .Pulat 13 12
7 .Lebir 376 52
8.Aring 145 38
9.Pasik 351 80

10.Gob 421 80

11.8impor 321 70

12.Bihai 348 52

13.Hau 308 ' 72

14 .Hendrop 381 91

15.Brooke 783 149

16.Belatim 391 106

17.8g. Rual 240 70

18.Kuala Lah 73 23

Total 5,945 1,355

- — ik S U —— e Tob S ke ey a W M fory e Wy ek i T b e A W oty b AR Rt S ek oy SR AR S R M L S T 4t S . S o

Source: The Department of Orang Asli Affairs (JOA)
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viI. STUDY ON FLOOD MITIGATION PROJECT

1.  INTRODUCTION

The Kelantan River basin with a catchment area of 13,100 km?
~lies in the northeastern part of Peninsular Malaysia, occupying
more than 85% of the Kelantan State. The basin area is bounded
by the State of Perak and Thailand on the west,; by the State of
pahang on the south and by the State of Teiengganu on the east.
The northern part of the basin faces the South China Sea. A
location map of the Kelantan River basin is shown in Fig.
vir.i.1i. - - '

‘The’ Kelantan River is divided into the Galas and Lebir
rivers just at the upstream reach of Kuala Krai, about 100 Xkm
~upstream from ‘the river mouth. The Galas River is further

divided into the Nenggiri and Pergau rivers. The Nenggiri River

originates from the central mountain range in the southwestern
part 'of 'the State of Kelantan, and flows down northeastward
collecting ‘many tributaries and changing its name tc the Galas
River. - ' S '

- The Galas River joins the Pergau River near Dabong, flows
down - eastward and. joins with the Yebir River which originates
from the Taban mountain range. After joining the Lebir River
with the Galas River, the river changes its name to Kelantan and
flows down northward passing along such major towns as Kuala
Krai, Tanah Merah, Pasir Mas and Kota Bharu, finally debouching
to the South China Sea near Kota Bharu. A total river length is
about’ 360 “km. '

~ 'The topographic features of the Kelantan River basin are
characterized by geological strata from north to south direction
and it is formed by high mountaneous ranges in the eastern and
western zones, which are extending from north to south direction,
hilly area in the middle zone and flat area in the downstrean
reaches, '

High mountains situated in the eastern and western parts of
the basin consist mainly of granites which are intruded during
the Palaeozoic-Tertiary period. They are massive and sound and
shape” the steep mowitain slopes.

" The hilly area in the middle zone is predominated by the

Palaeczoic-Mesozoic Trocks comprising sandstones, shales,
limestones, tuffs and volcanics, which are very often regionally
metamorphosed inte phyllites and slates and further into
crystalline schists. Particularly, phyllites, slates and schists
‘are ‘deeply weathered because of plenty of developed cracks and
foliations.  Limeéstone having strong resistance to weathering

forms high pinnacles which are visually recognized easily.
' :Ged16gi¢al structure trends  strongly north-south or

'nO?thwestward. The axes. of folding and major faults are also
oriented in' these directions. _
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_ The flat area of downstream reaches smtuated in about 40 km
long endmost river stretches consists of the alluvial ‘deposits
comprising mainly sand, silt and clay and forms the soft ground.

Coarse sand carried by the westward littoral current forms the
dunes around the mouth of the Kelantan River and along the
coastal area within 10 km 1n1and from the coastllne.

‘The Kelantan River basln is characterlzed by ample ralnfall.
The annual rainfall in the basin is about 2,700 mn. Especlally,
much rainfall occurs in the northeastern part of the basin in the
period from October to Decémber due to the' northeast monsoon
whlch brlngs about a half of the anrual ralnfall amount :

The annual nean temperature is about 27°c. There exists
little seasonal variation around the annual mean, in qplte of .
hav1ng 28°C. of the maximum temperature in May and 25%¢ of the
minimum temperature in December to’ January. The average relative
humidity in the basin is about 81§ The mean annual discharge in
the Kelantan River is about 570 m /sec at Guillemard Brldge.

Populatlon of the Kelantan State is estlmated at 1, 091 800
as of 1988. North Kelantan comprlslng six Districts of Bachok;
Kota Bharu, Machang, Pasir Mas, Pasir Puteh and Tumpat occupies
20% of area and 80% of population in the whele state. Whereas,
South Kelantan consists of four Districts of’ Tanah Merah, Jeli,
Kuala Krai and Gua Musang, covering 80% of the state area and 20%
of the state populatlon._ . : .

There are four major towns in the Kelantan”Rlver basin which.
are important. in terms of location, population and populatlon
density; Kota Bharu, Pasir Mas, Tanah Merah and Kuala. Krai.
Their respective population in 1988 is estimated at 224, 7198,
23,145, 15,641 and 16,273. . Also, thelr respective den51ty of
populatlog in same year is calculated at 1, 782,. 1,165, 182 and
61 per kn They are all 1ocated in-: the flood prone area.

The total land area of the Kelantan State is 14,943 km? and
the average density of population .is 73 persons per km?. The
average growth rate of populatlon is estimated at 2. 5% for the
past eight years., :

Total employees are 327, 700 with 158,300 (48 3%) in. _the
primary 1ndustry, ‘60,700 (15. 5%) in the secondary 1ndustry and
18,700 (36.2%) in the tertiary industry. The GDP of Kelantan
State'for 1988 is estimated to be M$2,684.4 million.  Thus, per
capita GDP works ocut at M$2,459. The- State economy has grown at
the average annual rate of 6. 1% durlng the past elght years.,

out of the total land. use area of 1 504 009 ha, 1 119 076 ha
(74.4%) is covered with forest, while 320,583 ha" (21 3%) ‘for
agriculture, 5,365 ha (0 4%) for urban and assoc1ated areas and
58,985 ha (3. 9%) for other areas. ' Out’ of the’ ‘total’ area of the
agrlcultural land, 129,413 ha (40.4%) is used for rubber, 71,248
ha (22.2%) for paddy, 61 261 ha (19 1%) for 011 palm and 58, 661
ha (18.3%) for other crops. : _ : PR

The downstream lowland area in tl'u:'."Ioas;.:fnfi'ua’fs'Vsi:lf'_fereati"f';J:_"c'm"t'=
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severe flood damages every year. The flood data show that the
downstream area of more than 200,000 ha inundated up to the
maximum depth of 6 m and about 540, 000 of inhabitant has suffered
from inundation at the floed time in 1967. It is reported that
the duration of inundation lasted about 3 to 4 weeks in the
1ongest perlod. :

The flood mltlgatlon facilities such as levee, revetment,
groyne and so on to cope with :such repeating inundation have only
been constructed by JPT partly in the downstream stretches of the
Kelantan_Rlver. These facilities are, however, insufficient to
. decrease flood damages. -

In this situation, a ba31n—w1de flood mitigation. plan of the
Kelantan River has been formulated as discussed in Part I of this
study. A combination plan of Lebir and Kemubu dams and .river
1mprovement ‘has ‘been selected as the optimal one for the flood
mitigation of the Kelantan River basin. This Annex VII deals
with  the flood mltlgatlon of the Kelantan River by the
combiination of Lebir and Kemubu dams ‘and river improvement in the
'pre—fe351b111ty study level.
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2. RIVER CHARACTERTSTICS AND FLOOD DAMAJE
2.1 Present River Conditions and Characteristics

The longitudinal profile of the river system in the Kelantan
River basin is illustrated in Fig. VII.2.1.

About 30 km long Nenggiri River stretches with an altitude
of higher than El. 300 m have a steep slope of 1 to 30 to 1 to
40. The Nengglrl River flows down northward to northeastward in
a V—shaped river channel passing through the mountaneous zones
and joins the Galas River at about 180 km upstream from the river
mouth. The river bed slope gradually changes from 1:100 to
1:1,000 in this river stretch. The river width in this stretch

is less than 100 m.

After joining the Nenggiri River with the Galas River, the
river changes its name to the Galas River, flows down northward
and joins with the Pergau River at about 140 km upstream from the
river mouth. The river bed slope in the stretch wvaries from
1:1,000 to 13,000. The river width is around 100 m. Afterward,
the Galas River changes its direction to northeast, debouches to
plain area changing the river channel from V-shape to U-~shape and
joins with the Lebir River at about 103 km upstream from the
river mouth. The river bed slope in this stretch is around
1:4,000. The river width gradually increases from around 100 m
to 400 m.

The Lebir River which originates from the southeastern
mountaneous range flows down northwestward to the confluence with
the Galas River and changes its river bed slope from arcund 1:200
to 1:4,000. The V-shaped river channel changes to U-shape after
debouching to plain area at about 30 km upstream from the Galas
confluence. The river width changes from less than 100 m to
around 300 m.

After the confluence of the Galas and Lebir rivers, the
river changes its name to the Kelantan River and flows down
northward. The river bed slope 'in this stretch is about 1:6,000.
The river channel forms a single cross section with the width of
about 300 m to 900 m and bankful depth of about 5 m to 15 m as
shown below and further details are given in Fig. VII.2.2: :

e ——————— — ——— — — — —— T ———— A T T — T S S S S S W Y} VU GUU WER TEER U SR SO SUS S G W R W S S SEm S W S —

S T SO W AN S S S . R Sy o —— — T ——— —— " - Tt S S, Skt U S B A T A PR SR W M S WS WS AU G G W TR TS SO @ T W G e Grw kb b i doled W —

Estuary to Pasir Mas
(25 km upstream from the estuary) 600 to 900 5 to 10

Pasir Mas to Tanah Merah
{55 km upstream from the estuary) 500 10 to 12

Tanah Merah to Kuala Krai
{101 km upstream from the estuary) 300 10 to 15
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- After the Kelantan River passes along the Kota Bharu town,
it flows down about 8 Kkm long stretch and divides into the main
river channel to northern direction and several mesh-like river
~ channels to northwestern direction to Tumpat. Large scale sand
" dunes . are being developed at the river mouth from the east to

west ‘direction: causing closure of the river mouth especially in
the dry season. _

The varlatlon'of_the river bed in the Kelantan River was
evaluated by the following data:

(i) The wvariation of lowest river bed elevatlon at Guillemard
' Bridge, and

(11) ‘The comparison between the cross sectional data in this
Study and those in 1975 by ENEX.

Fig.’ VII.2.3 shows the variation of lowest river bed
elevatlon at Guillemard Bridge. 'The data show that the river bed
elevation is quite stable. BAlthough the degradation of river bed
‘was' caused by the flooding, the sediment dep051ts supplying from
'the upstream basin- have gradually aggraded the rlver bed.

' The’ varlatlon ‘of the river bed in the Kelantan River was
also trled to see by comparlng the river cross-sections surveyed
with an ' interval of '1 km in this study with the ones prepared by
ENEX -in 1975 with an 1nterval of 5 km. It was clarified in the
comparlson of: these ‘river cross-sections that the ‘variation of
the river bed was 11ttle observed in the further upstreamn
reaches,

_ As for the river bed materlal the samples were collected at
- Kuala Krai, Pasir Mas and the river mouth. As shown in Fig.
VII.2.4, the results of sieve analysis show that the river bed
materlal consists of the coarse sand with a median grain size of
about 1.2 mm at the rlver mouth and Pasir Mas and of about 1.8 mm
‘at Kuala Krai. - :

The comparlson of the topographlc map prepared in 1955 to
1967 ‘and aerlal photograph shot in 1974 to 1976 shows that the
sand dune in the river channel varies. remarkably in the
downstream stretch from Pasir Mas. This comparison also shows
.]that the river channel of the Kelantan becomes wider at the river
mouth, the direction of the river mouth shifts westward probably
due to the effect of the littoral current, and the original river
" mouth is- belng closed by the littoral sand dune.

- Bn .island -called P. Dollah located at the endmost of the
Kelantan' River bifurcates its main channel into two: one channel
[toward Kuala Besar  and‘ the other toward Kuala Suri as shown in
- Fig. VIT.2.5. Accordlng to the topographic maps prepared in 1955
- Lo:'1967, both channels flow in the ‘South China Sea separately.
It is observed that sand dunes are not developed in front of both
channels and that the channel toward XKuala Besar has a wider
channel than that of Kuala Suri. Furthermore, the flow direction
of the Kelantan River goes toward Kuala Besar. Taking into
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consideration the above facts, the channel toward Kuala Besar is
judged to have had .a- 1arger funotlon to release flood water than
that toward Kuala Suri. . _

: ‘Aerial photographs shot in 1974 to 19?5 ‘show such drast;o'
change that the sand dunes developed ‘from. the rlght bank of Kuala
Besar extend upto the front of Kuala Suri. pa951ng behind p..
Dollah. Furthermore, aerial photographs shot in 1980 to 1985
depict further development of sand dunes toward west.

The reconnalssance to the estuary in 1988 observes that ‘the
sand dunes in front of Kuala Besar are opened to.the South China
Sea in spite of narrow w1dth and that the remaining split sand
dunes are connected with P. Doliah. Although ‘the endmost of the
Kelantan River returns to the condition with two channels toward
Kuala Besar and Kuala Suri as observed in the. -map of 1955 to
1967, clogglng of the river channel is: Stlll serious. :

The ' 1988 floods occurred on November and December flushed
away the sand dunes ‘developed 1n front of Kuala Besar,;resultlngr
in the wider channel at the endmost reaches of the - Kelantan
River. . The formation: of sand dunes - is however expected 'to
develop at the estuary by the force cof westward llttoral current
in near future, unless the Kelantan Rlver flow with strong
tractive force, flood, will arlse.

_ Flow capac1ty of the Kelantan Rlver by means of nonhunlform
flow calculation was computed using the cross- sectional maps with
an intexrval of 1 km newly prepared in this study. There are

gveral places where the present bankful flow is less than 5, 000

n”/sec in the downstream reaches of Pasir Mas as . 1llustrated in
Fig. VII.2.6, and the present bankful flow at several rajor
points is summarlzed as follows' _

Rlver stretch Flow capa01ty (m3/sec)
Kota Bharu ' s '4,500
Pasir Mas N .. .6,600
Tanah Merah C , o “10,200
Guillemard Bridge o ' ' 11,000
Kuala Krai _ o - 10,500
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It is noted that the bankful flow at ‘Kuala' Kral shows the
capacity of oppecsite river bank of town area, since inundation
takes place at the oppogite bank of Kuala Krai at fl% . Thus,
Kuala Krai is free from the blgger flood than 10 500 m /sec. '

Accordlng to the frequency ana1y51s‘ of - flood dlscharges
recorded at Gulllemgrd Bridge, flood with peak dlscharge of
greater than 5,500 m”/sec occurs almost once. in two ‘years. It
can therefore be sald that the Kelantan RJ.ver 1nundates more
frequently than once: in two years. : , :
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2.2 Exietinq Fleod Mitigation Facilities

The flat ares in the downstream reaches of the Kelantan
River have suffered from habitual inundation mainly due to
overtopping of flood water from the Kelantan River c¢hannel. To

cope with such repeating inundation, JPT has implemented the
- flood mitigation works at several places in the downstreamnm
-stretches of the Kelantan River as shown in Fig. VIiI.2.7.

TO-prevent the flood flow in the-Kelantan River from
overflowing to the Kemubu irrigation area, an about 10.5 km long
trapezoidal levee of 4 to 5 m in crest width and 1.5 to 2 m in
height was constructed in the right bank downstream from the .
Kemubu pumping station in 1971. Although the levee is cut in
several places to make access roads to the Kelantan River, the
levee structure is still in .a good condition at present.
Following this work, an about 1.8 km long revetment comprising
sheet piling and foot protection by concrete and stone piling was
constructed to protect the ‘left river bank where the river
sharply meanders along the Pasir Mas town in 1972. It seems that
this work is effective for the prevention of bank erosion in this
‘'sharply bent river .channel, but a part of the revetment is
falling down to the river 31de at present.

In crder to prevent flood water in the Xelantan River from
overflow1ng_1nto the Lemal irrigation scheme, an about 3 km long
and 2 to 3 m high levee was constructed in 1984 just at the
oppos1te 51de of the Xota Bharu town.

ln 1986,_Keda1 Buloh rlver protectlon work comprlslng the
stone pltchlng groyne and revetment with stone piling was
constructed for about 800 m long stretches to protect the river
bank against bank erosion in Kedai Buloh village at about 3 to 4
km upstream. from the river mouth. Be51des,-tender1ng work to
construct an about 1.2 km' long revetment in this stretch is being
carrled out by JPT. .

Temporary rlver bank protectlon work by means of sand bag
piling was executed in 1987 to protect sandy river bank from
severe erosion in the left river bank at about 3 to 4 km
downstream from Kota Bharu and tendering work to construct the
'permanehtVbank-protection‘work”is being carried out.

G The river. mouth of the Kelantan River is shlftlng westward
due “to the closure by sand bar. In order to improve the
nav1gatlon condition at the river mouth portion, JPT executed
about 200 m long open-cut . work with the trapezoidal shape of
- about 5 to 6 m in .bottom width in 1983 to cross this sand bar to
‘the ‘South China Sea. However afterward, this open-cut channel
was buried by a littoral current and the river mouth is shifting
_westward at present.

To prevent the flood flow in the Golok River from
overflowzng to the. Malay51an side, an about 17 km long levee was
constructed in 1960 in the stretch upstream -from yriver mouth.
‘However, a road with higher embankment which has a function of
the levee, was thereafter constructed in the Thailand side, and

VII - 7



consequently flood water overflowed the levee flows into the
riparian area of Malaysxan smde at present.

2.3 Flood Problem and Damage
2,3.1 Rainfall characteristics and past larqe scale floods

(1) Rainfall characterlstics '

: An lsohyetal map of" average annual ralnfall is prepared
using data from 21 rain gauges in the basin ‘as given in Fig.
VII.2.8, showing that annual bas:m ra:.nfall is 2, '700 mm on an

average,

“The isohyétal-map-so prepared-suggests-that'annual‘rainfall
in the Pergau River basin is the’ greatest in the- basin with the
annual rainfall of 3,200 mm- in the Jeli area. ©On the other hand;
an 1sohyeta1 line. of 2,600 mm a year- passes in the Lebir Rlver
basin, causing a depress;on of annual rainfall with the value of
2,200 mm a year in the Galas ‘and Nenggiri river: basins. This may
be resulted from the lee of the ‘north-east monscon which' brlngs.
considerable rainfall in the" coastal area (2,800 mm a year)

Table VII.2.1 and Fig. VII 2 S glve the dlstrlbutlon of
monthly rainfall in the Kelahtan ‘River b351n,_show1ng that around
50% of annual rainfall on an average occurs from. October to
December in the coastal plain, while there is no distinctive
ralny season and the monthly rainfall depth is evenly distributed
in the ‘upstream river basin. The downpour in the perlod from
October to December may endorse the habltual floodlng :Ln the-
downstream area of fhe Kelantan Rlver. '

(2) Past large scale floods

Floods with a magnltude of more than 5 500 m3/sec occur
almost once in two years in the downstream stretches, Among
them, the floods occurred in ‘1967 and 1983 have relatively
sufficient data, 1nclud1ng hourly rainfall reccrds and data for-
inundation phenomena. :

Ccn 2nd January 1967, heavy ralnfall ‘occurred and 1asted -up.
to 7th January in the entlre Kelantan River basin. ''The recorded
maximum daily rainfall was 585 mm at JPT store, Kota-‘Bharu and
420 mm at Maghang P.S. Flood peak dlschar3§s at the major gauges
were 3,400 m”/sec at Chegar Atas,; 8,700 m”/sec at Dabong, 4,200
-m°/sec at Tualang and 16,000 m”/sec at Gulllemard ‘Bridge. ‘On ‘4th
January, flood water overtopped the bank of 'the Kelantan River
and the entire coastal plain was inundated. . Most ‘of the Kota
Bharu town was under water ‘at night time on 4th January. '

On 1st December 1983, rain started and 1asted up to 15th'
December in the entire ba51n area. The maximum rainfall occurred
during 3rd to 5th December. The: recorded maximum dally rainfall’
was 290 mm at Machang and 270 mm at ‘Kuala Krai. Flood water:
overtopped the river bank, and the Kota Bharu ‘town inundated: on:
5th December. Flood peak dlscharges were about 1, 900 n’/sec at
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Chegar A as, 6,000 m /sec at Dabong, 4,000 m /sec at Tualang and
12, 000 m-/sec at Guillemard Brldge, _

The floods with double peaks hit the downstream area on
‘November and December of 1988, caus;ng considerable damage. A
‘detail survey for these floo&s is dlscussed in the separate
'*Volume (Part III). : - :

2.3.2“  Flood flow'analysis

The dally rainfall data in the upstream basin for the period
of floodlng at Guillemard Bridge are not available before 1970,
while "the records of annual maximum flood peak discharge at
Guillemard Bridge are available for the period from 1941 to -1986.
The number of samples of annual maximum peak discharge lS about
two tlmes more than that of ba51n mean rainfall data°

_ Furthermore, the second, third: and fifth largest floods wereé
recorded in a series of annual maximum peak discharges, while the
~basin mean rainfall is unable to estimate for those floods
because of no rainfall data in the upstream basin.

- In theIStudy, probable ralnfall depth of 5-day basin mean
was estlmated to enlarge the recorded hourly hyetographs.

The recorded hyetographs durlng the flood in December 1583,
December . 1984 and November 1986 were enlarged up to the Sﬂday
rainfall depth with the selected return period from which the
-Slmulated peak discharge corresponding to the probable peak
dlscharge is derlved at’ Gulllemard Br1dge.

_ The . probable ralnfall depth and probable flood peak
dlscharges ‘at storage damsites, Kuala Kral and gulllemard Bridge
-'are enumerated in Table VII 2.2,

Accordlng to the probable dlstrlbutlon of annual peak
d%scharge at Guillemard Bridge, the peak discharge of 15,589
m’/sec in 1967 corresponds to the probability of once in about
soﬁyear. ‘The simulated 50~year probable flood hydrograph is
:verlfled with the flood hydrograph recorded at Gulllemard Bridge
in 1967 as shown in Fig. VII.2.10. -

2.3.3 *no'odf dam'age

oA large maqnltude flood "in 1567 caused heavy flood damage in

‘the" downstream plain areas of the Kelantan River basin. Flood
damage ‘éxerts hot: only to the: destruction of houses, losses of
;PrOperties and damage to the social- 1nfrastructures, but also to
'{the loss of 11ves espe01a11y in- the rlparlan areas.,

" 'Such major towns along ‘the Kelantan River as Kuala ‘Krai,
Tanah Merah and Pasir Mas were inundated at the beginning of
January 1967. - In the ‘river stretches along Kota Bharu, flood
water ‘overtopped the Kelantan River bank on 4th January and
inundated gradually the town area. The maximum inundation depth
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