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IX. FLOOD-HITIGATION PLAN T0O MINIMIZE SOCIAL IMPACTS

1.  INTRODUCTION
1.1 General

‘As discussed in Annex VIII, the Dabong dam plus river
improvemnent was selected as the most promising plan for the dual
objectives of water resources development stressing on hydropower
generation and the flood mitigation in the downstream reaches of
the Kelantan ‘River. :

; However, this multipurpose dam scheme requlres a large scale
relocatlon for houses, plantations and public facilities, causing
considerable social impacts. Consequently, it was strongly
reguested by the State Government through the discussion of the
Interim Report to study a number of new combinations of dams and
..river lmprovement with emphasis on the minimization of social
1mpacts.

In accordance with this request, the flood mitigation study
was carried out incorporating newly obtained topographic data at
the proposed Dabong, Kemubu and Lower Pergau damsites and
- referring to the. situation of flood occurred in November 1988.

The formulation of flood mltlgatlon plan stressing on the
minimization of social impacts is discussed hereinafter.

1.2 Objecﬁi?es of the study

The objectlves of the study consist of the following;

(i). To formulate a basin-wide flood mltlgatlon plan giving
the priority to the minimization of social impacts, and

{ii) To select the flood mltlgatlon plan to be taken up as
the pre~fea51b111ty study in the follow1ng stage.
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2. FORMULATION OF ¥LOOD MITIGATION PLANS

2.1

Basic Concept

The basic concept in Fformulating the'flood'mitiéétidn plan

of the Kelantan River basin stressing on the mninimization of
social impacts is summarized as follows:

a.

Flood_mitigatidn Master Plan of the Kelantan River is

targeted for a 50-year flood, considering the development of

‘the ‘flood-prone area’ extended  in the downstream reaches and

habitual flooding. o

A levee with 7 n high w%lll be required to 'safely release
flood ‘water of 17,400 m”/sec at Guillemard Bridge, when
without dam. ILevee is desired to -be as low as possible,
taking into account the ‘damage “Caused by the break of “high
levee. Thus, flood water of the Kelantan River is to control
with the dams built in the upstream reaches as much as
possible for making the burden to the levee lighter.

The dams will be built ‘with  a single purpose of flood
mitigation to reduce the social impacts by lowering ‘their
height. Unless the inclusion of ‘hydropower .generation causes
the change of reservoir capacity and' flood mitigation effect,
the dam scheme is considered as the one with dual purposes of

‘flood mitigation and hydropower generation.

Flood peak discharge at G%illemard Bridge is aimed at
controlling to below 11,000 m’/sec by the dams to be built in
the upstreanm reaches based on the following reasons:

- Flood water level should be kept within 3 m higher than the
ground level ‘(A levee. height will be within 5 m at a
- maximum point as referred to Fig. IX.2.1).

- Since. the present flow capacity ranges from 4,500 m>/sec at
Kota Bharu in the downstream reaches to 11,000 m3/sec in
the upstream reaches of Guillemard Bridge (refer to _Fig.
IX.2.2), the design flood peak discharge of 11,000 m3/sec
is not considered to be heavy burden for levee
construction, and levee with height lower than 5 m can be
constructed even for the highest case (refer to Fig.
IX.2.3). : : :

- The relocation of existing and under"construction_bridges.

should be avoided (refer to Fig. IX.2.3).

- The treatment of tributaries against backwater from fhe
Kelantan River should be in the reasonable extent.

~ Treatment of interior water should be in the reasonable
range, _ :

- Influence to the existing irrigation facilities should be

minimized (for example, reconstruction ¢f water intake
facilities caused by the river bed deepening with a large

IX - 2



scale) .

=~ As intangible factors, the separation of local communities
by levee should be av01ded and the change of micro-climate
at local places should be mlnlmlzed

2.2 BSelection of Damsites for Flood Mitiqatioh

In order to study ‘the flood mitigation plan by flood
mltlgatlon dam, potentlal dam sites were selected from the basin
area concentrating in the river ‘stretch between Xuala Xrai and
‘about 150 km upstream from the confluence with Galas and Lebir
rivers, since further upstream stretches form a steep river. bed

slope and reservoir storage sufficient for flood mitigation
cannot be ensured.

The site selection was made based on the topographic map
"Wlth 1 to 63,360, and 15 potential damsites were identified in
this study as shown in Fig. IX.2.4 (refer to Appendix-2 of Annex
VI); six sites in the Galas Rlver, one site in the Pergau River,
four sites in the NEngglrl River and four sites in the Iebir
River. The- longitudinal profile for these 15 potential damsites
is illustrated in Fig. IX.2.5. _

- 'In order to carry out the flood mitigation study. by dam, it
is necessary to screen out the damsites suitable for flood
mitigation study from among 15 potential damsites. The study on
'thisrscreening was made in the following manners:

(i)  The flood mitigation dam is planned for all of the
potential damsites. ' '

. (ii). . Among the combination of flood mitigation dams
contemplated in (i), the damsites suitable for flood
mitigation are selected from the viewpoint of the
-amount of construction cost and extent of flood peak
-reduction.

' The standard for the dam plan is as follows;

(i) For all of 15 potential damsites, the mini-scale dams
are created by utilizing the head between the
neighbouring sites. However, remarkable mini-scale

. dams are neglected. :

(ii) PFor the certain damsites, the small scale dam which is
- 'the minimum scale for discharging safely probable
maximum flood (PMF) is created and for other sites,
- the mini-scale dam utilizing the head between the

- damsites 15 created and

'{iii) The small scale dams Wthh have a minimum scale for
' . PMF are created only at the certain damsites.

The potential. dam51tes will be divided into several groups;
nanely, Dabong group of sites 1 and 2, Kemubu group of sites 4,

I¥X = 3



5, 6 and 7, Nenggiri group of sites 8, 9, 10, and 11, and Lebir
group of 51tes 12, 13, 14 and 15. It is cons;dered that if the
dam which has a minimum scale for PMF in the Dabong group is
planned, the dam in the Kemubu group cannot topographically be
constructed due to the submergence’ by dam. in Dabong group. - On
the contrary, if the dam which has a minimum scale for PMF in the
Kemubu group is planned, the dam in Dabong group cannot -be
constructed; that is, the Dabang and - Kemubu groups are_mutually
exclus1ve. '

By applylng the foreg01ng standard for dam plan to ‘the 15
potential damsites, the following: comblnatlon groups will be.
contenplated:; .

. Mini-scale dan not'tb‘cause the social

(1) Gréup«l
impact is planned for potentlal damsites.

~

(ii) Gxroup-2 ; The flood mitlgatlon dam which has a minimumn
scale for PMF is planned giving the priority
on the Dabong group.

The flood mltigatian:dam which has a minimum
scale for PMF is planned giving the prlorlty
on the Kemubu group. :

(iii) Group~3

-y

Table IX.2.1 shows the alternatives for each .group mentioned
above, while the breakdown of the storage volume for these
alternatives is glven in Table IX.2.2. The relation among the
flood peak reduction at Guillemard ‘Bridge by conceivable :dams,
cost for the conceivable dams and river improvement cost required
to discharge the flood peak at Guillemard Bridge was studled for
these combinations as given in Table IX.2.1. :

in this table, the alternatlves with the least constructlon
ost in each group are as follows:

o v 4k o T S Pk VS S ) A S PR (M B . o e TS S S R ) U e ) e e e e R D P M S T U P e R T G ) T e

Group Alternative Damsites involved
1 a- 2 1 3 5 .8 "9 13
2 A - 7 2 9 -13
3 A =13 7 13

[ ——— R e b b ke e L R e T

In group-l in which m;nlwscale dams are buxlt 1n a series
not to cauce the social impact, Alternative-2 is con51dered as
the suitable combination from ‘the viewpoint of ‘the amount’' of
construction cost. However, effect of flood peak reduction is
little expected by building mini-scale dams in 'a series.
Considering these situations, combinations for group-1 were
deleted in terms of flood peak reduction. It was thus: ‘determined
to carry out the flood mitigation study by means of 51ng1e
purpose dam at the site of Dabong (No 2), Kemubu (No.7), Nengg1r1
(No.9) and Lebir (No.13) as given in groups=-2-and 3. :
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243 .‘kelation between Dam Height and Facilities to be Relocated

“In the comblnatlon plans of A-7 and A-13, four damsites,

159: Dabong, Xemubu, Nenggiri and Lebir are selected for flood
mitigation stuﬁy. ' '

Along the upstream stretches of the selected danmsites,
v111age, commercial and industrial establishment, public
1nst1tut10n, infrastructures, irrigation and agricultural lands
and so on have been developed. The construction of dam requires
the relocation of these existing facilities and the extent of the

facilities  to be relocated will increase in proportion to the
scale of the reservoir area.

_ In order to clarlfy the extent of the social impacts due to
the submergence of reservoir, the relaticonship between dam height
and facilities to be relocated was investigated based on the
newly obtained topographic map with a scale of 1 to 10,000 for
the conceivable Dabong and Kemubu reservoir areas and available
data for the Nenggiri and Lebir reservoir areas.

. Figs. IX.2.6, 2.7, 2.8 and 2.9 show the relationship between -
~the dam height and facilities to be relocated for four schemes.
Fig. :IX.2.6 shows that the majority of the villages, public
institutions and infrastructures submerges even if the dam with
about 23m in height is constructed at the Dabong site. It also
shows that if .relocation of the existing railway has to be
avoided, the dam height is obliged to be limited to less than
.20m, resulting in no substantial flood mitigation effect.

Flg. IX.2.10 depicts the relative social impact among the
‘Kemubu, Nenggiri and Lebir dam schemes, presenting a large number
of households to be submerged in the Kemubu scheme compared with
the Lebir and_Nengglrl schemes, whilst the Lebir scheme is the
greatest in the plantation area.
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2.4 Conmbination Plans of Flood Mitigation Dams . and River
Improvemant’ ' : e L o

In order to study the flood mitigation  plan by  means of
flood mitigation dam, four dam schemes, i.e. Nenggiri, Kemubu,
Dabong and Lebir, were selected. For these flood mitigation
dams, three heights were ‘examined in evaluating the flood
mitigation effect; the minimum, medium and maximum scales.

The minimun scale is planned to lower the dam height as much
as possible to minimize the social ‘impacts. The dam height is
decided by coinciding the crest of spiliway with the : sediment
deposit level in the reservoir. The spillway has the scale
capable of releasing P.M.F. : : : _

The maximum scale is the same as the one selected in the
optimization study for flood mitigation and water utilization in -
‘the Annex VIII. The medium scale has the intérmediate scale
between the minimum and maximum. SR Lo AU

Table IX.2.3 shows the relationship among the scale of dam
~and spillway, flood space 'in the reservoir, and flood peak
‘discharge of -inflow and outflow, whilst the relationship between
the scale of dam and spillway. and flood peak 'discharge at
Guillemard Bridge is given in Table IX.2.4. - R

Besides the independent plan of ‘each dam scheme, the study
was carried out for the plans combined with the selected four
schemes. The combination alternatives were prepared based on the.
combination plans, A~7 and A=-13, discussed in the preceding
Section 2.2 as follows: - ' : o

(1) Dabong + lLebir o
(ii) Dabong + Lebir + Nenggiri
(iii) Kemubu + Lebir

(iv) Lebir + Nenggiri.

For these four combination plans, three kinds: of +he dam
scale; that is, the minimum, medium .and maximum are contemplated.
The consideration of three dam scales for the above combination
plans and the independent plan of each dam scheme results in 48§
alternatives; 12 alternatives prepared from the independent plan
of each dam scheme, whilst 9  alternatives each for the

combination plans of (i), (ii), (iii) and (iv). o

In combination plan of (ii), only the mininum scale is
considered for the Dabong dam scheme, because DFWL ‘on the medium -
and maximum scales of the Dabong dam scheme is higher -than the
riverbed elevation of the Nenggiri dam scheme (refer to Table
IX.2.3); that is the Dabong and Nenggiri  dam schemes -are only
compatible in case of the minimum scale of the Dabong dam scheme..

In relation with the Kemubu and Nenggiri dam schemes, DFWL
of the Kemubu dam scheme is higher ‘than the riverbed elevation of
the Nenggiri dam scheme even in the minimum scale, resulting in
the mutual exclusiveness between the Kemubu and ‘Nenggiri dam
schemes in terms of flood mitigation. However, the relation
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between the tailwater level of El. 65.5 m (refer to Annex VI) for
the Nenggiri dam scheme and NHWL of the Kemubu dam scheme, EIl.
65.7 m in thg maximum scale, suggests that even if the Kemubu dam
scheme-1§_bu11t, the Nenggiri dam scheme can be developed as the
scheme with the objective of hydropower generation. It is noted
that the proper treatment will be required for the toe end of
“the downstream slope of the Nenggiri dam, since the reservoir
water level of the Kemubu dam scheme has high chances to become
higher than the toe end of the downstream slope of Nenggiri dam.

© Table IX.2.5 shows the reduction of flood peak discharge at
Guillemard . Bridge for the above 48 combinations, while Table
IX.2.6 gives the construction cost required for the flood
mitigation schemes combined the river improvement with the dam
plan as well as the extent of social impacts caused by the
creation of reservoirs for respective dam schemes. The economic
viability for the' flood mitigation plans was also examined in
terms of EIRR.

2.5 Selection of Suitable Flood Hitigation Plan

A total of 48 combination plans as given in Tables IX.2.5
and . IX.2.6 was prepared by varying dam height of the Dabong,
Kemubu, Nenggiri and Lebir dam schemes as discussed in the
preceding Section 2.4. Among 48 combination plans, only 15
combinations could meet the basic concept that flood peak
discharg§ at Guillemard Bridge is aimed at controlling to below
11,000 m”/sec by the dams to be built in the upstream reaches as
summarized in Table IX.2.7.

Those 15 combination plans were grouped into two based on
social impact, i.e. the number of households to be submerged in
the reservoir as follows: :

. (a) Households to be submerged are 1,000 to 1,500
(b) Households to be submérged are 5,000 to 7,500,

The combination plans with the submerged households of more
than 5,000 were discarded due to great social impact caused by

the relocation of houses; that is, all the combinations including
Dabong are eliminated. :

_ Oonly three combinations, Ks+Ll+R/I, Km+L1+R/X and K1+L1+R/TI,
are grouped in (a), i.e. relatively small number of households to
be submerged in the reservoir (1,000 to 1,500). The difference on
the flood mitigation effect of Kemubu dam is little in Xs to Kl.
' Thus, -Kemubu with a small scale is selected to minimize the
social impact. The general features of Ks are summarized as
_follows (refer to Fig. IX.2.1ll on social impacts):

Dam crest elevation 73.4m
DFWL _ 71.4 m
SWL -
-~ 50~year flood 63.1 m
- 25-year flood 62.3 m
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NHWI. o 55.0 m

Submerged houses, nos 1,000
‘Submerged plantation, ha
- SWL (25-year flood) - 430
~ SWL (50-yeaxr flood) 450
- Dam crest elevation 970
Submerged. forest, ha _ ‘
- SWL (25-year flood) 750
~ BWL (50-year flood) 790
' - Dam crest elevation 1,910

On the other hand, Lebir is selected to be optimal with a
large scale. Considering the submergence of a large area by
building Lebir with a large scale, a study to search the
possibility to lower the dam was tried by keeping the almost same
flood mitigation effect with large scale dam (Ll) as well as the
possibility of watexr resources development. An ordinary overflow
weir for flood mitigation was provided in the spillway to lower
the dam by keeping the almost same flood mitigation effect with
Ll. As a result, L1’ is proposed. Comparison of L1 and L1’ on
the social impacts to be expected is tabulated below (refer to.
Fig. IX.2.12): ' o

G Ty g B O SO M A S s Ay . A ks (e o S T M S A R Gl Whe e Sk e U N GRS SRS M o B i T M e G T AN M T B A —

Items Ll, m L1, m
Dam crest elevation _ 91.1 . B4.9-
DFWL o 87.6 - 81.4
SWL | | L
- 50~year flood - 84.9 . 78,0
- 25-year flcod 84.4 77.2
NHWL . 80.0 . 70.0
Submexrged houses, nos 165 . 156
Submerged plantation, ha : ‘ .
- SWL, {25-~year flood) 12,200 - 8,300
~ SWL {50-year flood) 12,450 8,700
- Dam Crest Elevation 17,130 © 12,450
Submerged forest, ha _ _ _
- SWL (25-year flood) 6,800 : 5,000
- SWL (50-year flood) 7,000 _ 5,300
- Dham Crest Elevation 8,600 - 7,000
Peak Discharge at Guillemard Bridge, cms: RS
- 50-year flood 10,72 10,650

> % s S - ) e W Sl TER W PR S s S Gt O T . WP i o A T oS Ay e SO W ok S P AW SRS L G4 e S G W Gkt Gee W i 0P S el S gy

The above table shows that if the Lebir large scale dam is

initially developed as the scheme for single purpose plus some

possibility for water resource development, the area. of .
plantation to be submerged is reduced to 12,450 ha compared with-
17,130 ha for hydroelectric power scheme. In addition, 12,450 ha
can be further reduced to about 8,700 ha if only land submerged
by 50~year probable flood is considered. '

A detailed comparison between L1 and Ll’ on social impacts
is given in Fig. I1X.2.13. Since L1’ makes possible to. reduce
social impacts by keeping the same flood mitigation effect with
L1, Ll’ is recommended as the plan of Lebir scheme.  Thus, the
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combination plan of Ke + L1’ + R/I is proposed as an optimal plan
"of ‘flood mitigation in the Kelantan River basin.

Reservoir water level comes up to El. 78.0 w with the
frequpncy of once in 50 years in Ll’. Since this implies that
water level goes above El. 78.0 m with quite rare chances,
agrlcultural ‘activities in the reservoir above El. 78.0 m can be
allowed, while construction of structures such as houses, roads,
brldges and so on is restricted up to the dam crest elevation
(refer to Fig. IX.2. 14) Fig. IX.2.15 dispicts that the acreage
of plantation area at dam crest elevation and that at surface
‘water ‘level for 50-year probable flood for L1‘. While, Fig.
IX.2.16 is for a 25=-year probable flood.

The schemes to proceed in the pre-feasibility study stage
are Lebir and Kemubu dam schemes and river improvement between
Kuala Kral and the estuary. It is noted that the Lebir dam will
be designed with the possﬂnllty to make dam higher for
‘hydropower generation use in future as given in Fig. IX.2.17.
'Finally, a conceptual feature of the master plan for the Kelantan
River flood m:.tlgatlon is sketched as given in Fig. IX.2.18.
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3. IMPLEMENTATION SCHEDULE

1.1 General

The flood mitigation of the Kelantan River basin was decided
to carry out by the combination plan of the Lebir and Kemubu dams
and river improvement. Considering the scale of project in ternms
of construction cost, period and so forth, a study was carried
out to prepare a realistic time schedule for the implementation
of this project.

The main things to be taken in consideration are to increase
the substantial flood mitigation effect as early and much as
possible considering the even distribution of financial burden.

3.2 Implementation Period

It is not considered that there will be a drastically high
growth of development budget from now on, and that the annual
development budget may grow at least at the same rate as the
target economic growth rate of 5% in the Fifth Malaysia Plan.

Also, it is assumed that the future share of the State of
Kelantan in the national development budget will be 6.5% based on
the Fifth Plan. In like manner the future share of the "energy
and public utilities" sector consisting of “electricity", "water
supply" and “drainage and flood mitigation" will be 12.0%.

Upon the above assumptions the allocations to the "enerqgy
and public utilities" sector in the Sixth (1991-1995) to Ninth
Malaysia Plan (2006-2010) work out at M$3,826, 4,883, 6,232 and
7,954 million, totalling M$22,895 million. On the other hand,
the construction cost required for this project is M$1,302
rillion.

Although the construction cost of the project shares 5.7% of
allocation to the energy and public utilities sector, it would be
possible to implement the project by giving the high priority as
the national project. As a conclusion, it would be adequate to
implement the project for 20 years from sixth to ninth Malaysia
Plan for avoiding excessive investment for the project, even if a
greater allocation in the development budget would be necessary
to the project.

3.3 Implementation Order

The Lebir and Kemubu dam schemes and river improvement will
be implemented step by step for the investment period of 20
years. The implementation order of those schemes in the
investment period will be studied by classifying into dam schemes
and river improvement.
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3:.3.1 Implgmaﬁtation order of dam schemes

. A simulat}on study of flood for the selected combination
plan was carried out to predict probable peak discharges and
hydrographS'at the designated point, Guillemard Bridge, by
_apgiyéng a hydrological simulation model called storage function
method. & ' :

. 'As the results are summarized as given in Table IX.3.1, the
simulation was carried out in the condition that not only both
Lebir and Kemubu schemes are completed, but also either of then
is built. ~In this simulation, it is assumed that inundation
occurred at the reaches between Kuala Krai and Guillemard Bridge
is confined in the river channel by river improvement. (R/I).

~ The building of Lebir dam decreases the peak discharge of
- 50-year i?robable- flood ~from 17,400 m°/sec under R/I only to

12,900 m”/se¢, while 15,800 mg/sec only with the Kemubu scheme
and 10,650 m°/sec with both Lebir and Kemubu schemes.

The above fact implies that the flood mitigation effect of
the Tebir dam scheme is greater than that ‘of the Kemubu dam
scheme. Tt is therefore desired to implement both projects in
the order of Lebir and Kemubu to gain the greater flood
mitigation effect as early as possible. It takes six years for
the construction of Lebir which is built as the rockfill type,
while four years for Kemubu, which is built as the concrete
gravity type.

3.3.2 Implgmentation order of river improvement

The height of levee, which is the main work of river
improvement, is 4.3 m on an average including the:;reebOard of
2.0 m against the design flood discharge of 10,650 m /sec.

'Urban areas developed along the Kelantan River sporadically
exist in the rural areas, which are extensively used for
agricultural development. " considering the high investment effect
of ‘the urban areas, the implementation . programme of river
improvement will be prepared by dividing. the riparian areas into
the urban and rural areas.

.. '/he ‘river course of the Kelantan River is re-divided as
shown in Fig. IX.3.1, considering the independence of river

improvement works, work quantity and the difference of investment

effect in the urban and rural areas. The independence of river
improvement works means that the river improvement works of a
. certain river stretch located in the low elevation can bear the
substantial flood mitigation effect by connecting the levee to
‘the high place located at the uppermost end of that reach. 1In
other words, the independence of river improvement works on a
certain river stretch cannot be ensured without a high place free
from flooding at the uppermost end of that stretch.

' Thé urban area of Kota Bharu is in DR2, while DIL2 for Pasir

" Mas, DL5 for Tanah Merah and DR6 for Kuala Krai. The information
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of population, population den51ty, potential damage and s0 on for
each division is summarized in Table IX.3.2. It can be said that
the flood damage potentlal in the downstream river stretches and
urban river stretches is hlgher than that of the upstream river .

stretch.

on the other hand, the flow’ capacity of - ‘the Kelantan Rlverf
for each river division increases towards upstream reaches as
given in Fig. IX.3.2. Taklng into account the potential damage
against flood and flow capacity, the river improvement works will
be carried out from the downstream reaches towards the upstream
reaches. It is noted that actual river improvement works in each
river division is carried out from the uppermost and to the
lowermost end. :

3.3.3 Overall iﬁplementation'programme'for the project

An 1mplementatlon programme for the flood. mltlgatlon plan of
the Kelantan River basin was prepared as shown in Fig. IX.3. 3
based on the discussions of 1mplementat10n -order of dam schemes
and river 1mprovement mentioned in:the preceding Sectlons 3.3.1
and 3.3.2. _

vaer improvement works of urban and rural areas are

respectively commenced at the beginning of 1993 followa.ng the
pre-requisite work such as fe351b111ty study, flnan01ng, detailed:
design and tendering. The river improvement works of the urban
areas will be completed by year 2000 or by the end of seventh
Malaysia Plan to gain the benefit from flood mltlgatlon as early
as possible, while the river improvement. works of the rural areas
will be finished by year 2010. : : _

The construction of the Leblr dam scheme Wlll be started at
the beginning of year 1993 following the pre-requisite work, and
will be completed by the end of year 1998, Out of pre—requ151te
work, the feasibility study has been finished with the objective
of hydropower generation, so that the fea51b111ty study started
in year 1990 will only be limited to the review work of it. On
the other hand, the Kemubu dam will be built by the end of" yaar
2010 for avoldlng the 1nten51ve 1nvestment in sixth and seventh
Malaysia Plans, :

The disbursement schedule based on the 1mplementat10n_
programme given in Fig. IX.3.3 is prepared as presented in Table
IX.3.3. The relatlvely heavy financial burden is charged in
sixth and seventh Malaysia Plans compared with the elghth ‘and
ninth Malaysia Plans. . : . -

The 1mplementat10n of schemes based on Flg CIX.3.3 will
gradually increase the protection level for floods. . As an-
example, the river 1mprovement works for the ‘river division of
DR2 (Kota Bharu area), which will be completed at the end of
1996, will make free from some 8-year flood .as shown - in- Fig.
IX.3.4. Furthermore, the’ pratectlon level will increase by 20-
year by the completion of the Lebir dam scheme at the end of year
1998. The final introduction of the Kemubu dam scheme . in year_
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2010 will increase the protection level upto a 50-year flood,
- which is the flood mitigation target of the Kelantan River basin.

, For other river divisions, the introduction of the Lebir dam
in 1997 raises the substantial flood mitigation effect in a
considerable level (refer to Fig. 6.22). This implies that the
earlier implementation of the lebir dam scheme is recommendable
for the basin-wide mitigation of the Kelantan River.
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Table IX.2.5 Peak Discharge at Guillemard Bridge
by the Combination of Dam Plan

S e e mr e O3 N DL ke A R SR e
T mE TE A ER ey o e e A0 kN U EN M s e am a0 e e e S B e b

Peak Discharge at

No. Combination Guillemard Bridge
: {(cms )}
1 R/I only 17,420
2 Dbs 13,602
3 Dm 12,334
4 Dl 11,079
5 Ls 16,257
6 Lm 15,265
7 Ll 13,213
8 Ns 16,890
9  BNm 16,550
10 N1 16,229
11 Ks 15,802
12 Km 15,279
13 Kl 15,185
14 Ds + Ls 13,033
15 Dm + Ls 11,765
16 D1+ Ls 10,510
17 Ds + Lm 12,014
18 Dm + Lm 10,746
19 . DI + Lm 9,491
20 Ds + L1 9,989
21 Dm + L1 8,721
22 DL+ L1 7,466
23 Ds + Ls + Ns 11,928
24 Ds + Lm + Ns 11,648
25 Ds + L1 + Ns 11,327
26 Ds + Ls + Nm 10,926
27  Ds + Lm + Nm 10,656
28 Ds + LI + Nm 10,335
29 Ds + Ls + N1 8,874
30 "Ds + Lm + N1 8,604
31 Ds + L1 + N1 8,283
32 ‘Ks + Ls 13,768
33 Km + Ls 13,245
34 K + Ls 13,151
35 Ks + Lm 12,776
36 ¥m + Lm 12,253
37 Xl + Lm 12,159
38 Ks + L1 10,724
39 Xm + L1 10,201
40 K1 + L1 10,107
41 Ns 4 Ls 15,736
42  Nm + Ls 15,466
43 Nl + Ls 15,145
44 Ns + Im 14,744
45 Bm + Lm 14,474
46 Nl 4+ Lm 14,153
47 Ns + L1 12,692
48 Nm + L1 12,422
49 Nl + L1 12,101
Remarks ; Dam scheme D : Dabong N : Nenggiri
: L : Lebir K : Kemubu
Dam scale 1 : maximum m : medium
5 : minimum
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Tabla ' IK v2.6 Construction Cost and

Social Impact for each Flood Mitigation Plan

rt{km)

Ho. Condb Inat lon Dam Dabong
mmm s e 8 T 7 T I T L AR
Dabong  Lebir Henggiri Kemubu Hi{nos} P(ha) ‘or{ha) RP{ha) Fiha). a(km) PR{kin} ,,[,m,
e (2)
| R/I only 883 843 '
2 05+ R/ 445 726 1,171 4,800 10 390 5,580 4,110 30 26
3 Dot R/ 555 668 1,223 6,100 0 540 6090 6,030 3% a4
4 DY+ RAT 745 _ 603 ..1.348 7,300 40. 1,400 9,860 11,230 55 57 :
5 Ls+ /1 220 ‘8318 1,058 90
6 lm R/ 351 798 1,142 140
7 Lia R/l 611 _ 708 1,319 '165
8 Ns + RBfI 106 662 968
9 Hm+R/T 246 /848 1,094
10 H + R/1 103 Bi5 1,238
11 Ks + R/ 139 819:  9%8
12 Km+R/1 189 198 987
13 Kl + R/l 246 793 1.0% _ _
14 Os + s+ R/I 445 220 698 1,363 4,800 40 390 - 5.580 4,110 30 % W
15 Dm ¢ is + RS} 555 220 638 1,113 6100 40 500 6,090 . 6,030 35 44 00
16 Db+ Ls + R/I 745 220 563 ..1,5¢8 - 7,300 40 5,400 9,850 11,230 L3 57 90
17 Ds + Lm + R/1 345 351 652 1.448 4,800 40 390 5.580 4,110 30 26 130
18 Om+im+ R/I 555 351 580 1.486 6,100 40 540 6,090 6,030 "35 44 140
19 DI+ Lm + R/1 745 351 492 1,588 7,300 40 1,400  9.850 11,230 55 . 57 - 140
20 Ds + L1+ R/I 445 611 529 1,585 4,800 a0 390 5,580 4,110 %165
21 bm+ L1+ R/ 555 611 428 - 1,594 - 6,100 40 540 5,090 6,030 35 -4 165
22 DY+ L1 + RS 145 611 381,674 7300 40 1,400  9.850 11,230 55 57 165
3 Ds +Ls ¢+ Ns + R/l 445 220 106 647 1,418 4,800 40 390 5,580 4,110 30 26 90
24  Ds +lm+ Ns + R/1 445 351 106 634 1,536 - 4.800 40 300 - .5,580 4,110 30 26 140
25 Ds o+ Lb o+ Ns+ Rl 445 611 106 613 1,775 4,800 30 390 5,580 4,110 30 26 165
26 Ds +1s ¢+ Km+ R/l 445 220 246 590 1,501 4,800 40 390 5,580 4110 30 26 90
27 Ds+im+ Mm e+ R/I 445 351 246 573 1,615 4,800 40 390 5,580 4,110 30 26 140
28 Ds + L) ¢ Bmt R/T 445 611 246 555 1,857 4,800 40 390 5580 4,110 0 26 165 -
299  Ds +Ls + NV + R/I 445 7220 403 243 1,511 4.800 40 % 5,580 4,110 30 26 %0
30 Ds:+ tm+ NI ¢ RFD 445 351 - 403 420 1,619 - 4,800 40 -390 5,580 4,110 0 26 140
31 Ds + L1+ NLeR/E 445 611 403 393 1,852 4,800 @ 40 390 5,580 - 4,110 30 % 165
32 Ks ¢+ Lls + R/I 220 139, 732 1,001 0
33 Kmt Ls + R/ 280 189 710 1,119 90
M Kb +is ¢ R/ 220 246 05 1,171 90
3%  Ks + Lm+ R/I 354 139 688 1,178 140
36 Km+ lm ¢ R/ 351 189 565 1,205 140
37 K1+ im+ R/I: 351 246 658 1,255 140
3B Ks +E} + R/E 611 139 577 1,327 165
38 Km o+ L1+ RJE 611 189 540 1,340 165
40 KI + b1 v R 611 246 53/ 1,394 165
41  Hs + Ls + R/1 220 ‘106 BI6 "~ 1,142 90
42 N+ Ls ¢+ R/ 220 246 805 1,271 90
43 N} s Ls + RJI 220 403 792 1,415 - 90
48  Hs + Lm + R/I 351 106 775 1,232 140
45 Hm + Lm + R/I 351 - 246 764 1,361 140
4  H1 + Lm + R/ 351 403 M8 1,502 140
47 Ns +LY ¥ RY 611 106 604 1,401 165
48 #m+ L1+ RSI 61§ 246 670 1,527 165
49 Hl + L1+ R/I 6i1 403 556 1,669 165
Remarks : Dam Scheme D : Dabong L @ Lebir H ¢ Henggiri K ¢ ‘Kemubu
' Dam Scale s : small ' m ¢ wedium ) : large _ S T
Compensation i : houses “p i Paddy OP : Oil palm RP_: fiubber R : Rallway R : Pubiic road F ¢ Forest B
.M. : Flood mittgation P.G. : Power generation

EIRR

Leblr Henggiri Kemubu
0F'(ha) RP(ha)  F{ha) PR(km) Ii(nos} F(ha) MN{nos) OP(ha} RP({ha)  F(ha)
(3 "
2,100 1,200 2,300
5.400 2,960 4,600
1§,800 5,300 8,600 ]
320 . 1.600
510 6,100
640 13,900
I,000 180 790 1,910
1,200 560 1,660 3,780
] 1,295 1,160 2,990 5,600
2,160 1,200 2,300
2,100 1,200 2,300
2,180 1,200 2,300
5,400 2,900 4,600
5,400 2,900 4,500
5,400 2,900 4,600
11,800 5,300 8,600 5
11,800 5,300 8,600 5
11,800 5,300 8,600 5
2,100 1,200 2,300 320 1,600
5400 2,900 4,600 320 .1.800
11,800 5,300 8,600 5 32¢ 1,600
2,160 1,200 2,300 510 6,100
5,400 2,900 4,600 510 6,100
11,800 5,300 8,600 5 510 6,100
2,100 1,200 2,300 640 13,900
5,400 2,900 4,600 640 13,900
11,800 5,300 8,600 5 640 13,900
2,100 1,200 2,300 1,000 180 196 1,910
2,100 1,200 2.300 1,200 560 1,660 3,780
2,100 1,200 . 2,300 1,205 1,160 2.990 6,600
5,400 2,900 4,600 1,000 180 % 1,910
5,400 2,900 4,600 1,200 560 1.660 3,780
5,400 2,900 4,600 1,205 1,160 2,980 6,600
11,800 5,300 8,600 5 1,000 180 190 1,910
11,800 5,300 8,600 .4 1,200 560 - 1,660 3,780
11,800 5,300 8,600 5 1,295 1,160 2,990 6,600
2,100 1,200 2,300 320 1,600
2,100 1,200 2,300 510 6,100
2,100 1,200 2,300 640 . 13,960
5,400 2,900 4,600 320 1,660
5,400 2,900 4,600 510 - 6,100
5,400 2,900 4,600 40 13,900
11,800 5,300 8.500 5 320 1,600
11,800 57300 8,600 -~ 5 510 6100
11,800 5,300 8,600 50 040 13,900

16
23
28

16
23
28
16

23
28
16
23

| YR
R/ Total  Total Total
emmmemeioae for 8 forll  for
i{nos) 8(nos) (nos) (nes) Plant
(5) (-1 {(D)-(5) ()
o0 3 0 800
806 2 4,806 5600 5,97
800 2 6,100 6900 6,63
170 1 7,300 BOJ0 13,75
800 3 9  BI  3,30
800 3 140 %0 8,3
800 2165 %5 17,10
800 K} 320 1§20
800 3 510 1310
800 3 610 1440
800 3 1,000 1800 9
800 3 1,200 2000 2,2
800 3 1,295 . W95 4.5
BOO 2 4,840 5600 9,27
180 Y 6,190 6970 9,93
178 1 7,390 8160 14,55
80O 2 4,999 5140 14,27
770 176,240 . 1010 1493
750 P 7,440 8190 19.55
760 1 4,965 5725 23,07
740 1 6,265 7005 23,13
670 17,465 ° 8135 28,35
800 1 5,210 6010 9,27
790 1 5,260 6050 14,2
780 1 5,285 6065 23,00
170 1 5,400 6170 9,2
‘1o i 5.450 6220 14,2]
760 1 5,415 6235 23.0i
- 140 1 5,530 6270 9.2
130 1 5,580 6310 14,2
720 1 5,605 6325 23,0
800 2 1,090 1820 4,2,
800 2 1,200 2090 5,5
800 2 1,385 2185 1.1
800 2 1,140 1940 9.7
800 2 1,340 2180 10,5
800 ? 1435 2235 124
776 1 1,165 1935 18,0
160 1 1,365 2125 19.3
760 1 1,460 2220 21,2
800 3 410 1210 3.3
800 3 600 1400 3.3
800 3 730 1530 - 3.3
800 - 3 460 1260 8.3
800 3 650 1450 8,3
800 3 780 1580 8.3
800 2 485 1285 1.t
Boo 2 675 1475 17}
8OO "2 805 1605 17,1
IX -



Table IX.2.6 Construction Cost and Soecial impact for each Flabd'ﬂitigation Plan

{1

4,800
6,100
7,300

4,800 -

6,100

7,300

4,800
6,100
7,300
4,800

6.100
71.300
4,800
4,800
1,800

4,800
4,800
4,800
4,800
4,800

4,800

4,110
6.030

11,230

4,110
6.030

11,230
4,110
6,030
11,230
4,110

6,030
11,230
4,110
4,110

4,110

_4,110
4.110

4,110

4,110
4,110

4,110

50

140
165

.90
0o

90

140
140

140
165

165
165

140
165

%
140

165 .

140

185

90
90
90
140

-140

140
165
165
165

- 2,160

5,400

11,800

2,100
2.100

2,100 -

5,400
5,400
5,400
11,800

11,800

11,800

2,100
5,400
15,800

2,100

5,400
11,800
2,100
5,400

11,800
2,100
2,100
2,100
5,400

5,400

5,400
11,800
11,800
11,800

2,100

2,100

2,100 -

5,400
5,400

5,400

11,800
11,800
11,800

1,200

2,900
5,300

12,900

2,300

4,600
8,600

oh

320
510
640

320

.320 :

320

510
510
516
646
640

640

1,600
6,100
13,900

1,600
1. 600
1,600

6,160
6,100
6,100
13,900
13,500

13,900

1,000
1.200
1,295

1.000
1,200

1,295
- 1,000

1,200
1,295

1,000

1600

6,100
"13,900
1,600
6,100

13,900

1,600

6,100
© 13,900

1,200

1,295

180
560
1,160

180

560

1.160
180
560
1.160

180

560
1,160

790
1,660
2,990

190
1,660

2,990

196

1,660

2,990 -

190
1660
2,990

1,910
3,780

6,600

1,910
3,780

6.600

i,910

3,780

6,600
1,910
3,780
6,600

16
23
28

80g
800
Boo
800

800

800
800
80O

180

170
800

770

150
160

740
679
800

190

780

10
770
160
740
730

120
800
800
800
800

800
800
170
760
760

800
800
800
800
BOO

800
800
800
800

— R G G L

et

e e A RS

[P O

A RS A A e

Cad L L L

[aC B R B

(A)
Total
for

{nos}

(8)
Taotal
for H

{nos)

(1)-(4) (1)-(5})

]
4,800
6,100
7,300

140
165
320
510
640

1,000
1,200
1,29%
4,890
6,190

7,390
4,040
6,240
7,440
4,965

6,265
1,465
5.210
5,260
5,285

5,400
(5,450
5,475
5.530
5,580

5,605
1,090
1,260
1,385

1,140

1,340
1.43
1,165

1,365
1,460

410
600
730
460
650

780
485
675
805

800
5600
6900

8070

890

910
965
1120
1310
1440

1800
2000
2095
5690
6970

8160
5740
1010
8190
5725

7005
B135
6010
6050
6065

6170
6220
6235
6270
6310

6325
- 1890
2090
2185
1910

2140
2235
1935
2125
2220

1210
1400
1530
1260
1450

1560
1285
1475
1605

(0)
Social
Impact
for(A)

(E}
Social Total
Impact

for{B) (C):+(E)

1 2
29 42
42 58
16 10

2 8

3 14

4 25

5 8

9 17
1 29
17 19
21 25
23 28
3o 56
13 12
48 8o
3 63
15 78
19 S0
32 12
44 - 86
47 93
33 64
34 73
35 8z
36 0
37 B0

‘38 87
39 75
40 84
41 89
18 25
22 3
26 38
20 3
25 10
28 47

19 41
24 47
27 54

6 16
10 30
14 44

7 24
12 37
15 50

8 b
13 50
‘16 61

um
............... f/1  Total
nggirt Kemubu
883 883
726 1,171
668 1,223
603 1,348
838 1,058
798 1,149
g 1,319
106 862 968
246 848 1,09
103 - B35 1,238
139 819 958
189 798 987
246 793 1,039
698 1,363
J638 1,413
563 1,528
652 1,448
580 . 1,486
492 1,588
529 1,585
428 1,594
Ji8 1,674
106 647 1,418
106 634 1,536
106 613 1,775
246 590 1.500
246 513 1,615
240 555 1.B57
403 443 1,511
403 a20 1,619
403 393  1.852
139 732 1,091
189 7130 1,119
246 05 1,171
139 688 1,178
189 665 1,205
246 658 1,255
138 577 1,327
189 540 1,340
246 537 1,394
106 816 1,142
246 805 1,271
403 792 1,415
106 175 1,232
246 764 1,361
403 748 1,507
106 684 1,401
246 670 1,527
403 655 1,669
| Lebir  H ¢ Nenggirl
0 medium 1 @ large
p 2 Paddy 0P : Oil palm

nitigatio

1}

RP : Rubber

$.6. : Power generation

40 390 5,580
0 540 6,090
40 1,400 9,850
4 390 5,560
40 540 6,000
0 1,400 9,850
4 390 5,580
x - 540 6,090
40 1,400 9,850
4 390 5,580
0 540 6,090
40 1,400 9,850
0 390 5.580
a0 390 5,580

40 390 5,580
4 330 5,560
40 390 5,580
40 390 5,580
0 390 5,580
a0 390 5580
%0 390 5,580
R : Raflway

PRt : Public road

30 26
;38 a4
55 57
30 E13
35 44
5 5
30 2%
3B N
85 57
3 %
35 44
58 ‘57
30 26
30 26
30 26
30 %
30 26
30 26
20 2
30 26
10 - 26
F Forest

8 Brldge

(£)
Totat  Const.
for Cost
Plant.
(ha)
|
5,970 13
6,630 16
‘11,250 24
-3,300 6
8,300 1}
17,100 21
3
8
18
970 P4
2,220 4
4, 150 5
-9,270 26
9,930 729 .
14,550 38
14,270 32
14,930 33
19,550 41
23,000 40
23,730 q?
28,350 46
9,270 1
14,270 39
23,070 47
9,270 H
14,270 43
23,020 49
9,270 36
14,270 49
23,070 18
4,270 7
5,520 9
7.450 12
9,270 14
10,520 15
12,450 19
18,070 22
19,320 2]
21,250 27
3,300 10
3,300 20
3,300 30
‘8,300 12
8,300 25
8,300 35
17,100 28
17,100 37
17,100 45
-~ 19

EIRR
F.b
f.H. [
P.G.

(x) (8)

4.5

2.6

2.3 4.8

1.9 9.1

3.2

28 37

2.0 5.6

3.8

3.1 6.1

2.2 10.2

3.8

3.6

3.3

;.8

1.7 1.5

1.4 1.9

1.8 2.6

1.7 4.0

1.4 8.0

1.7 4.4

1.3 5.7

11 9.0

1.7

1.6 2.1

0.7 3.8
1.6 3.9

1.4 4.0

0.6 5.1

1.6 6.8

1.4 1.4

0.6 7.8

3.0

2.9

2.7

2.8 3.6

2.7 3.3

2.5 3.3

2.1 8.7

1.9 5.5

1.9 5.6

2.7

.2 51
1.6 9.2

2.5 3.4

2.0 5.1

1.5 8.3

1.8 5.3

1.4 6.4

0.9 8.9






Tﬂble.IX.2.7 Combinations to Meet the Basic Concept on
Peak Discharpe at Guillemard Bridge

G e e e W A RS AT R M LR ME NS e R BN Al Geh B kR T S MR AT SN A e S ED R A L G OB R EE LA A3 i A3 dd e kT e e e e e o e == e = am

_ _ Peak discharge at Households to be
No. Combination Guillemard Bridge, submerged, nos
m” [ sec
1 b+ Ls 10,510 6,190
2 . Dm+ lm 10,746 6,240
3 ‘DL + L@ 9,491 7,440
4 Ds + L1 9,939 4,965
5 bm+ Ll | 8,721 6,265
6 . DL+ Ll 7,466 7,465
7 ' Ds + Ls +Nm 10,926 ' 5,400 -
g ‘Ds + Lm + Nm 10,656 | 5,450
9 - Ds + Ll + Nm 10,335 5,475
10 . Ds % Ls + WL 8,874 5,530
11 . ..Ds + Lm + N1 8,604 5,580
12'IIH:DS + L1+ N1 8,283 5,605
13 Ke + L1 | 10,724 1,165
‘14 Km + Ll 10,201 1,365
15 . Kl +'L1 10,107 ' 1,460
Remarks t Dam scheme, D : Dabong L : Lebir
: ' ' K : Kemubu N : Nenggiri
Dam scale 1 : maximum m : medium s : minimum
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