- the flood. The criteria for selection. are referred to National
Water Resources Study, Malaysia (Sectoral Report Vol.5, River
conditions) as follows: _

(1)' The ripariag -area with the annual flood damage less thag
- 'M$20,000/km“ and population density of about 500 persons/km
is relieved from the flood with a 20-year return period.

(2) The riparian area with the annual flood damage more than
_M$2p,000/§m and population density more than 1,000
persons/km“ is relieved from the flcod with a 50~year return
period. o :

The ' result of socio-economic studies indicates that +the
urban areas of Kota Bharu, Pasir Mas, Tanah Merah and'Kugla'Krai
have -the population density of more than 1,000 persons/ . Thus,
the urban river stretches, i.e. KL 3, KL 5, KL 8, KL 9 (Temangan
Lama -and Bharu) and KL 12, are protected from a 50-year probable
‘flood as priority protection areas. :

~On the other hand, remaining rural river stretches are
protected from a 20-year probable flood according to the above
criteria., However, it is desired to make one flood protection
level in a river; that is, all the river stretches are protected
from a 50~year probable flood. Considering the socio-economic
importance and financial burden, the rural river stretches are
initially -protected from a 20-year probable flood, and their
protection level will be brought up to a 50-year probable flood
as an ultimate goal. - :

3.3 Conceivable Structural Measures

-”'THewallCWing'structural measures were contemplated for
flood mitigation planning of the Kelantan River basin in view of
river channel profile, inundation condition and -basin topography:

. = Widening of the river channel,
~ Dredging for river bed excavation,
- Levee construction,
-~ Treatment of the river mouth, and
- Flood mitigation dams.

. The details of these ‘structural measures are explained as
follows:

G ~River'imprQVement including widening of the existing river
' “channel, dredging and levee construction

~ The habitual flood prone areas are located in the plain area
in. the downstream vreaches .of the Kelantan River. It is
' ‘contemplated that inundation in these river stretches is caused
- mainly due to insufficient flow capacity of the river channel. To
increase flow capacity of the river channel, river improvement
“plans by combining the widening of the existing river channel,
dredging ‘and  levee construction will be adopted in due
consideration of river characteristics, hydraulic situation of
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the river channel and topography of the riverxr stretches.

There is a big bent at Pasir Mas. It is considered to
increase flow capacity of the river channel by introducing a
short-cut way, which will be discussed as one of alternative
measures for river improvement. : L

(2) Treatment of the river mouth

The river mouth of the Kelantan River is apt to be closed by
sand dunes carried by the westward littoral current-especially 'in
the dry season. It may be considered that the flood water level
in the wvicinity of the river mouth .is raised ‘due to the closure
of the river mouth. To cope with such situation, treatment of the
river mouth by means of the jetty and . arrangement of river
channel will be contemplated by c¢o-operating with the work
carried out by the Marine Department and JKR. : ‘

(3) Flood mitigation dams

The southern part of the Kelantan River basin is occupied by
~mountainous - zones, and therefore several flood mitigation dam
plans have been contemplated. Among them, following dams are
contemplated to be promising in taking into account water
resources ‘development and flood mitigation in the downstreanm
reaches of the basin (refer to Appendix 2 of Annex vVIi): -

(i) Dabong dam is located in the Galas River; about 132 km
upstream from the river mouth or about 30 km upstrean fgom_
the Lebir confluence. A catchment area is around 7;480 km<.

(ii) Kemubu dam as a mutually exclusive alternative of the Dabong
dam is situated in the Galas River at about 167 km upstrgam
from the river mouth. A catchment area is about 5,630 km<, .

(iii)Nenggiri dam is located in the Nenggiri.Riﬁer'at;about'zlo
km upstrgam from the river mouth. A catchment area is about
3,620 km“. : : '

(iv) Lower Pergau dam as a mutually exclusive alternative of the
Dabong dam is located in the Pergau River at about 10 km
upstream from the Galas confluence. A catchment area is
about 1,280 kmZ. ' : '

(v) Lebir dam is situated in the Lebir‘River;'at5éboﬁt'iBSNkm

upstream from the river mouth or about 36 km- upstream frgm
the Galas confluence. A catchment area is about 2,480  km*.

For the flood mitigation in the downstream- reaches of the
basin, combinations of a dam or two dams selected from above five
dams plus river improvement will be contemplated. Fig..VIIT.3.2
shows the location of those five danms. R ' S

VIII -~ 16



3.4 criteria for Flood Hitigationﬁstuﬁy
3.4.3 Establishment'of flood mitigation level

It is contemplated to work out flood mltlgation plans in the
Kelantan River basin by stage-wise development, considering flood
mitigation levels such as prov131onal stage and long term stage
as a flnal target.

'In application of structural measures, a high target level
of protection as much as possible would be desirable to adopt for
the safety of facilities for their long term stability and
“1ivelihood of the riparian people. However, a long term plan with
the high target level needs a considerable amount of construction
costs and a long term construction period. On the other hand, the
flood mitigation master plan. has tentatively been dec1de& to
formulate for condition in the year 2000. Considering these
situationg and socio-economic conditions in the basin area, a 20-
year probable flood is applled as the de51gn flocd toward year
2000 to protect the rural riparian areas in the ‘river stretches
between Kuala Krai and about 2.5 km upstream from the river
mouth, and a 50-year probable flood is adopted to protect
urbanized riparian -areas. such as Kota Bharu, - Pasir Mas, Tanah
Herah and Kuala Krai.

In the long term stage as an ultlmate goal, all the river
stretches between Kuala Krai and about 2.5 km upstream from the
river mouth will be protected from a 50-year probable flood. If
the flood mitigation works to cope with a 50-year probable flood
is completed flood peak discharge with the same scale as that in
1967 can safely  flow down without inundating all the riparian
areas downstream from Kuala Xrai.

3.4.2 Belection of suitahle combination schemes

‘Present flow capa01ty of the 5;ver channel along the flood
prcne ‘areas is more or less 5,000 m”/sec which corresponds to the
frequency of more than once in two years. Even if the river
improvement works by means of widening of the existing river
channel, dredglng of the river bed and levee construction are

§ecuted lncreaseé in the flow capa01ty' will be around 3,000

m°/sec to 4,000 m”/sec. Since ‘it is praotlcally 1mposslble to
- provide hlgher levee and larger widening of the river channel to
dlscharge the design flood corresponding to a 50-year probable
flood ‘as ‘an ultimate goal, combination plans of the flood
mltlgation dam ‘and river improvement will have to be
contemplated, : ' '

_ .Once an optlmum comblnatlon plan of the dam and river
':mprovement scheme is determined to protect in the river
stretches between Kuala Krai and 2.5 km upstream from the river
-mouth ‘from a 50-year probable flood, a- plan to protect rural
© river stretches from a 20-year probable flood will be worked out
as ‘a provisional . stage.
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For each combination. scheme, probable peak discharges for
the design flood will be determined at the selected points. Based
on these probable flood discharges, dam and river improvement
‘plans will be worked out and construction cost for the schemes
will be estinmated. '

Since the dam scheme is worked out as multipurpose use
including hydroelectric power deneration, water supply  for
irrigation, municipal and industrial use and river maintenance,
the suitable combination plans will be selected based on - the
concept that the combination to give the net benefit maximum is
optimal. = The net benefit is defined as the ‘difference between
the benefits resulting from flood mitigation and water resources
development and all the costs necessary for  the development of
the schemes. : : o L

3.4.3 'Flood mitigation by dam

_Thé study on the flood mitigation by dam will be made uhder,
the following criteria; ' : : . L s

(1) An optimum reservoir capacity is first of all searched  for.
water resources development, i.e. hydropower -'generation,:
water supply for irrigation, M & I use ‘and so on. ‘Flood
spaces for flood mitigation and safety of dam itself are
allocated above the capacity = for water Treésources
development. _ S
In case that the crest of dam determined from the above
procedure is higher than the topographical maximum elevation
to build a dam, flood spaces for flood mitigation and ‘safety
of dam itself are at first allocated below the topographical
maximum elevation, and then the remaining reservoir capacity
is used for water resources development. In case that no
space is allocated for water resources .development, the.
scheme is developed as a single purpose project of flocod
mitigation. It is noted for the ' determination of
topographical maximum -elevation that - the geological
condition at the site is also taken inte account. o

(2) The spillway comprises two sections; that is, an overflow
weir to safely release PMF for dam itself and an ordinary
overflow weir for flood mitigation. There are two ways to.
provide - the ordinary overflow weir; -that. is, ‘one is to
provide the ordinary overflow weir under  Normal High Water
Level (NHWL) and to regulate water levels in dry and wet
seasons by gates. Meanwhile, the other is to provide the
ordinary overflow weir above NHWL without gates.,

A reservoir simulation study' in case of having the ordinary
overflow weir‘under NHWI, shows that. water 1eve1:loweredﬁby
the crest of ordinary overflow weir in wet seasons: has high-
possibilities not to recover to NHWL in -dry seasons,
resulting in considerable losses of power generation. (refer.
to Section 4.6 of Annex VI). Thus, the ordinary overflow

VIIT - 18



-weir'is provided above NHWL. Furthermore, the suitable
dimensions of it are searched by changing the peak-cut ratio
(A routed peak outflow for the design flood/peak inflow of
 design flood)

(3) The dimension of the overflow weir for dam safety is
“determined under the condition that PMF is safely released
by both ordinary overflow weir and overflow weir for dam
safety. The crest of dam is decided by adding the freeboard
to the flood water level for PMF.

(4) -Probable flood discharges at the selected peoints for  the
respective outflows routed with the ordinary overflow weir
are determined by flood routing study. Based on these
probable ‘floods, the river 1mprovement scheme is worked out,
and its 'construction cost 1is estimated. The optlmum

‘dimension of the ordinary overflow weir is determined by the
. least cost method by summing up the specific cost of dam for
- flood mitigation and cost of the river improvement scheme.

3.4.4 'Floéd mitigation by river improvement

Based on the probable flood peak dlscharges for the
respectlve outflow from the ordinary overflow weir as stated in
the forégoing, the river improvement scheme to protect the river
stretches ‘betweén Kuala Krai and about 2.5 km upstream from river
mouth against a 50-year probable flood w111 be worked out under
the follow1ng criteria:

(1) The flood water level to discharge the specified: flood
‘discharge should be lowered as much as possible.

(2) The w1den1ng of the river channel is only linited to
remarkably narrow places.

.(3)-581nce it is considered undesirable from the viewpoint of the

' 'stabllxty of river bed to alter drastically the existing

river bed slope, the dredging to arrange the river cross
‘section should be contemplated.

(4) 'The levee with low height as much as possible should be

-+ contemplated to avoid the risk of water leakage through the

levee structure for the flood with long duration and to
draln ea511y the 1nter10r water.

-Once an optlmum comblnatlon ‘plan of the dam and river
'lmprovement schemes is determined to protect the rlparlan areas
between Kuala Krai and about 2.5 km upstream from river mouth
from the 50-year probable flood, a stage development plan
‘protecting from a 20-~year probable flood will be worked out for
the rural riparian area.
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3.5 ¥Flood Mitigation by Non-structural Measures

Considering the economic effectiveness, safety of
inhabitants, social urgency and so on, non-structural measures
should also be contemplated as a measure for the mitigation of
flood damages in the flood prone area extended in the downstream
reaches of the Kelantan River. The following are contemplated as

the non-structural measures:

Flood forecasting and warning system
Flood zoning

Legislation

Others.

The flood forecasting and warning system has been introduced
to the Kelantan River basin for making ease the evacuation from
the threatened area, and the current problem for it was discussed
in the preceding Section 2.5.

Flood zoning is to restrict the occupancy of high flood risk
zone for mitigating the damages during floods. Legislation
includes the restriction of development for the flood prone area,
where structural measures cannot be economically Jjustified, or
will not be implemented over the foreseeable future.

Flood proofing, land use change and resettlement of
population are counted as others of non-structural measures.
Flood proofing is the actions taken by individuals or small
groups within the flood plain to reduce flood damage to their
property.

Land use change is the measure to reduce the potential
damage to crops by apply of less damage~susceptible crops.
Resettlement of population will be applied to the areas where the
potential damage to property as well as loss of life in the flood
prone area cannot be reduced by structural measures.
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4.  FORMULATION OF FLOOD MITIGATION PLANS
4 1 ‘Ganeral

A 50»year probable flood is selected as the de51gn flood of
an ultimate goal to protect the entire riparian area in the river
stretches between Kuala Krai and 2.5 km upstream of the river
mouth,;  and then 20~year and 50-year probable floods are selected
as the design flood to protect rural and urban riparian areas in
the prov151ona1 stage, respectively.

The formulatlon of flood mltlgatlon plans is carried out by
two. steps. Several promising combination plans are at first
worked out for protecting the entire riparian area in the river
stretches between Kuala Krai and 2.5 km upstream of the river
"mouth from a 50~year flood. A stage development plan for
protectlng the rural riparian areas from a 20-year flood is
studied as .a second step for the promlslng comblnatlon plans
selected 1n the first step.

'4ré.rFlbbd'Kitigation Effedt by Dam-

S Pive’ dam schemes (refer to Flg‘ VIII.3.2) as discussed in
the precedlng Section 3.3 are proposed not only for the flood
mitlgatlon in the downstream reaches of the Kelantan River, but
also for hydropower generation, domestic and industrial water
use, 1rr1gat10n supply and so on.

: To make comblnatlon plans for flood mltlgatlon, flood
mltlgatlcn effect by each dam was evaluated by incorporating it
on the simulation model to predict flood peak discharges and
hydrographs at the de51gnated peints (refer to Annex 1II,
Hydrology). A 50=year probable flood 1is selected for the'
simulation, because the entire downstream reaches of the Kelantan
River are protected from the 50—year probable flood as a final
ua;get.

_° "The hydrological simulation model reveals that floocd peak
gscharqe with .a recurrence interval of 50-year is some 16,400

m”/sec under the natural condltlon, i.e. without structural
neasures, at Guillemard Bridge as shown in Table VIII.4.1l. Fig.
VIITI.4.1 shows simulated discharges at respective points
'corresponding to a 50-year probable flood at Guillemard Bridge.
In case that flood discharge inundated at the reaches between
_Kualaw_Krai-fand, Guillemard Bridge (refer to Fig. VIII.2.6) is
confined in the river channel only by river imp ovement (R/T1),
'50~year flood peak dlscharge increases by 17,400 m”/sec.

-+In comparlson with the present flow capa01ty of the Kelantan
‘River ‘(more or less 5,000 m”/sec) and the flood peak discharge of
17,400 m3/sec,_the flood mltlgatlon only by river improvement
_-w1ll not’  necessarily be a promising alternative for a 50~year
© probable  flood. ‘However, the alternatlve by river improvement
~only is kept as ‘one of alternatives in selecting the most
suitable combination ‘plan for the flood mitigation of the
Kelantan River.
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The Nenggiri dam plus. river lmprovement shows' little" flood
peak reduction even by changing the peak cut ratio (= peak
discharge from the spillway for flood mitigation/peak -inflow)
probably due to the fact that the catchment draining an area of
3,690 km2 is located at the uppermost treaches with relatively
11tt1e rainfall. Therefore, . it is less: advantageous to include
the function of flood mltlgatlon in the development objectlves of:
the Nenggiri dam scheme. This fact is endorsed in comparison
between Case ‘15 (Lebir + R/X) and 18 (Lebir + Nengggrl + R/I) of-
Table VIII.4.1 that flood peak dJscharge of 850 m”/sec is only
" reduced by the addltlon of the Nenggiri dam scheme.

. The Kemubu dam scheme is a mutually-excluslveialternative
with the Dabong dam scheme and will be developed 'as a single
purpose project of flood mitigatign. Flood peak discharge at
Guillemard Bridge is about 13,900 m”/sec in the highest peak-cut
ratio (40%) of the Kemubu dam scheme plus river  improvement
(refer to Table VIII.4.l and Fig. VIII.4.2). The relationship
between inflow hydrograph ‘to the Kemubu reservoir -and outflow:
hydrograph from it is shown in Fig. VIII.4.3. Since the reduction
-of flood peak dlscharge by the Kemubu dam scheme is not so great
due to a =mall reservoir scale, an addition’ of the Lebir dam
scheme 1is also conceived for reducxng the burden of flood
nitigation to the river 1mprovement as deplcted in Case 21 to 23
of Table VIII 4.1. : :

The Lower Pergau dam plus river 1mprovement shows less flood.
peak reduction probably due to the small catchment area ‘and low
reservoir eff1c1ency The topographical maximum elevation of
bulldlng a dam is assumed to be El.72.0 m for- a556551ng the flood
mitigation effect of the TLower Pergau ‘scheme. Since the:
topographical maximum elevation at the .site for building a dam is
informed to be much lower than E1.72.0 m, the topograph1cal _
survey to confirm the topography at the site was commenced, and
then revealed that the. topographlcal maximum elevation was El.
50 m at the site as shown in Fig. VIII.4.4. Therefore, the Lower
‘Pergau dam scheme is excluded from the alternatives to mitigate
floods in the downstream reaches of the Kelantan River. :

The Leblr dam scheme plus river 1mprovement shows
considerable f%cod mitigation effect with' flood peak discharge of -
about 12,500 m”/sec’ at Guillemard Bridge (refer to Table VIIT. 4.1
and Fig. VIII.4.5). Thus, this Lebir dam scheme plus rlver
“improvement will be one of" promlslng combination plans to protect
the entire riparian area in the river stretches between Kuala:
Krai and 2. 5 kim upstream of the river mouth from a 50—year flood :

Flood peak dlscharge in the Plan of the Dabong dam scheme
plus rlgﬁr improvement greatly decreases by about 10,600 to
11,100 m /sec (refer to Table VIII.4,1 and Fig. VIII.4. 6) “Thus,

thlS plan is also one of. promising combination: plans to:- protecti'

the downstream -reaches of the  Kelantan River from a - 50-year:
flood. The relatlonshlp between inflow hydrographs to the ‘Dabong
and Lebir reservoirs and outflow: hyﬁrographs from them is
deplcted in Flg. VIII 4.7. : . : '

Considering the flood mltlgatlon effect of dams to then
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'downstream reaches and flow capacity of the Kelantan River,
following stage development plans are contemplated for each
COmb;nat;on plan (refer to Figs. VIIT.4.8 to 4.15):
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Stages
" case Combination of - Provisional - Final
' structures | Stage Stage
1 ZR/I only "R/T R/I
2 ' Nenggiri + R/I Nenggiri + R/I R/I
3 ~ Kemubu + R/I ' Kemubu + R/I R/
4 .Dabong + R/I " 'Dabong + R/I R/I
s Tebir + R/I. Lebir + R/I _ R/I
6 " ‘Lebir + Nenggiri + R/I  Lebir + Nenggiri + R/I R/I
7 'Lebir + Kemubu + R/I =~ Lebir + Kemubu + R/I R/T
8 Lebir + Dabong + R/I Lebir + Dabong + R/I R/I
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_Note: R/I means river improvement.

_ Comblnatlon.*plan ‘1, river improvement only, requires the
%ver lmprovement works for the flood peak d.fcharge of 14,400
/sec in ‘the rural riparian areas and 17,400 m~/sec in the urban
riparian areas as the- prov151onal stage (Table VIII.4.1). River
1mprovement works for the incremental dlscharge of 3,000 m’/sec
will be carrled out in the rural riparian areas as the final
stage.

Comblnatlon plans 2 to 5, which are the combination of a dam
plus rlver 1mprovement need the construction of dam as well as
river 1mprovement to meet the prctectlon requirement of urban and
rural - riparian areas set forth in the provisional stage. The
protection level for the rural rlparlan areas will be raised from
20 to 50~year 'probable flood by river improvement as the final
stage. ' :

Slmultaneous constructlon of two dams as well as river
1mprovement is necessary for the prov1510na1 stage in Combination
plans 6 to 8. Out of them, the river 1mprovement of Combination
plan 8 is- only limited to the wurban rlparlan areas in the

. provisional stage. The final stage to raise the protectlon level

from 20 to 50—year probable flood in the rural riparian areas
_requlres “the river 1mprovement for the incremental discharge of
some 1,200 m3/sec. ‘It 'is noted -in Table 4.1 that an overflow
weir: for flood mitigation is not provided to the spillway for the
‘case with the lowest peak-cut ratio of each dam scheme; that is,
~ the flood mltlgatlon to the downstream reaches is only expected
~'w1th the overflow weir for PMF.

:4.3"Structura1 Plan for Dam
| An - optlmlzatlon study for water resources development

Stressxng on hydropower development was carried out for the
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Nenggiri dam scheme, and then reckoned-that.the”higher'NHWL,'the
- greater the net benefit gains (refer to Chapter 4, Annex VI,
Review and Updating of Water Resources Development Plan). Thus, .
the crest of dam constructed as a rockfill type was at first
fixed at FE1.169 m of topographical maximum elevation, and theéen
the crest of spillway for PMF was determined at E1.158.6, 158.8
and 159.5 m by coinciding with Surcharge Water Level (SWL), a
water level routed a 50-~year probable flood with the spillway for
flood mitigation, for the peak-cut ratio of 100, 90 :and .80%. In
case of the peak-cut ratic of 76%, the spillway for the flood
mitigation is not provided; that is, flood mitigation is expected
with the spillway for PMF. MHWL for water resources development
was finally determined at E1.150.7, 152.9, 155.0 and 157.0 m by
coinciding with the c¢crest elevation of spillway for flood
mitigation, which corresponds to the respective peak-cut ratio as
shown in Table VIII.4.2. The spillway for the flood mitigation is
a non-gated type. The width of 75 m adopted in ‘the Feasibility
‘Study of Nenggiri Dam Project is selected as the one of ‘spillway
for PMF, . _ : ' S - : _

The Kemubu dam scheme is developed as a single purpose of -
flood mitigation. The crest of 'dam was set at E1.82.0 m . by
coinciding with the topographical maximum elevation, and then
applying the same procedure used for the Nenggiri dam scheme, the
crest of spillway for the flood mitigation was determineéd at
‘El1.53.0, 58.4, 63.0 and 65.7 .m for the peak-cut ratios of 40, 30,
20 and 15%, respectively. The Kemubu dam will be built with a
concrete gravity type considering topographic and geological.
. favours at the site. : oL . L

The Dabong dam scheme will be constructed with a concrete
gravity type by availing the topographic and geological favours
at the site. An optimization study for water resources
development of the Dabong dam scheme (refer to Chapter 4, Arnnex
VI) revealed that the higher NHWI, the greater the net benefit
gains as did for the Nenggiri dam scheme. Thus, the crest of dam
was at first fixed at E1.80.0. m of topographical maximum:
elevation, and then NHWL was determined at El.62.4, 64.1, 65.6
and 66.7 m for the peak-cut ratios of 80, 70, 60 and 59.0%
respectively by the routing calculation for PMF and a 50-year
probable flood. ' ' ' S N

. _The optimization study for water resources development of
the Lebir dam scheme (refer to. Chapter 4, Annex VI) reckoned. that
the net benefit increases by lowering NHWL. However, the highest
benefit-cost ratio and EIRR were gained by setting NHWL at
E1.80.0 m. In this situation, the crest of dam was at first set
at El. 91.1 m of topographical maximum elevation, and then NHWL
was computed at El. 76.3, 77.9, 79.3 and 80.0 m for ‘the peak-cut
ratios of 70, 60, 50 and 37% respectively by the routing
calculation for PMF and 50-year probable flood. By seeking the
high benefit-cost ratio and EIRR as much as possible, NHWL was
determined at El. 76.3, 77.9, 79.3 and 80.0 m for the peak-cut

ratios of 70, 60, 50 and  37%, respectively. _ N

The Lebir dam will be constructed with a. bckfili.type, and

‘then the spillway for PMF ‘has’ the width "of 150 m, which is.
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selected in the Feasibility Study of Lebir project.

- The construction costs of the Lebir, Dabong and Nenggiri dam
gchenes developed for hydropower generation and irrigated
agriculture are estimated as discussed in Section 6.2
construction Costs of Annex VI. The construction costs of those
dam schemes including the Kemubu dam scheme are re-estimated for
NEWL corresponding to the respectlve peak cut-ratios as shown in
Table VIII. 4.3, :

4.4  Structural Plan for River Improvement
4.4.1 - Conditions for the structural plan of river improvement

For the - flood mltlgatlon in the downstream reaches of the
Kelantan  River basin, the_several combinations of storage dans
with river improvement works were contemplated as discussed in
; the_precedinngection 4.2, Flood Mitigation Effect by Dam. Peak
discharges for designing the alternative plan of _river
improvement works range from 5,000 m”/sec up to 17,500 m3/sec.
The -following conditions are adopted for the structural plan of
rlver 1mprovement'

(1} Predomlnant flow of the mesh~11ke channels near the estuary

The river . ‘mouth  of the Kelantan forms mesh like river
channels, and a large scale sand dune is belng developed at the
‘debouchrnient . of the river. River flow in the rainy season
discharges mostly to the northern direction and partly to the
western direction through the mesh-like river - channels. The
. river mouth is apt to be closed in the dry season due to
relatlvely low ve1001ty of dlscharge from the main river.

It is planned in this study to protect the river stretch
upstream of the mesh-like river .channel by prov151on of level.
The ‘flood water level in the upstream stretch varies due to the
flow condition of the mesh-like river channel. In order to study
the treatment of the mesh-like channels, the relaticonship between
the most predomlnant flow condition in the mesh-like riverx
_channe}_s at flood time and flood water level in the upstream
river channel was studied based on the data for tidal water level
at Geting which is located at the river mouth of. Golok, flood
- water level at Kota Bharu and flood discharge at Gulllemard
Brldge._ The study was carried out by means of non—unlform flow
calculation - using the record of flood discharges ‘occurred in
November 1988.

It was clarified in this calibration study that the flood
flows dlscharge dominantly through the Kelantan main stream and
‘Suri channel near the coastal area as shown in Fig. VIII.4.le,
ang roughness coefficient of the river channel is 0.025.

It 'is  considered to be. suitable to straighten ‘the river
channel as far as possible from the viewpoint of stability and
maintenance of river channel. Present dominant flow condition as
shown in Fig. VIII.4.16 fits with the above regquirement.. Thus
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‘the river improvement  plan was worked  eut - ‘under the condition
that the mesh—llke river channels to the dlrectlon of Tumpat are'

closede

(2) Levee

‘The levee is basically constructed w1th an’ earth embankment
type by the following reasons; . .

- It is easy to obtain a large amount_of constructlon _
materials near the project site, resulting in the reduction
of construction cost, ‘ o

- It is rather easy to iake the levee hlgher and w1der 1n case
that stage—wzse development 1s con31dered and _ :

4'Ma1ntenance is easier than that for rlver channel.-

_ The lévee is constructed by securlng the clearlance of 50 m
wide from the bank of 1ow—water channel at least. '

" Fig. VIII 4. 17 shows the typlcal cross section of 1evee. The
side slope of earth embankment is set at 1:3.0 taklng into
account the stability and the long duratlon of flood. ‘To protect
the toe of the levee from seepage water, toe drain is prov1ded.-
While, the width of crest and height of freéboard’ are de51gned ‘on
the basis of the fcllow1ng de31gn crlterla'

-.-.-_-_———_.mun_—_—--.—_—.—u-m—_——--——-.mm.—.-—-—-———-m-‘_——-—.--.mun—-'—va—

Peak Discharge Width of Crest Freeboard
" (cms) | Cm Ty

below 10,000 : 6.0 R 1.5

above 10,000 7.0 2.0

——————mu“—_————'--_————-——--—_..—-—u.m_..—-—n——-—s—m—ur————m-—n-‘—-—————-.

A spec1al levee constructed with concrete is also taken 1nto
consideration at the places where land acqulsltlon is not easy
due to the urbanlzatlon developed by the river szde such as- Kota
Bharu as shown in Flg. VIII 4. 18. _

(3) River structures

The construction of'levee'along the main’ rlver 1nev1tably
causes a problem  of interior drainage, so ‘that interior water
must be  drained by such structiires  as water ‘gates -and  sluice
valves. Some meandering portions of channel downstream from Pasir
Mas are observed to be eroded. Revetment works w111 thus be
needed for protectlng them.
4.4.2 Comparative study of river'improvement3p1an~:

The possiblé measures of river 1mprovement for the
downstream reaches of the Kelantan Rlver are enumerated belowe

4y 'I'o confine floodlng within the speclfled width by
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constructing the levee,

(i1) To increase the flow capacity of river channel by
+  widening the river channel,

‘(iii) To 'increase the flow capacity of river channel by
dredging the river bed, and

(iv) < To increase the flow capacity of river channel by
steepening water gradient by introducing short-cutting
at the meandering portion.

- The combination of the above measures was contemplated on
the basis of the cross sections and: longitudinal: profile of the
" Kelantan . River surveyed in this Study. ‘As a result, the
follow1ng four alternatives are taken up to determlne the
sultable river 1mprovement plan;

-(1) thernativewn

- A large scale levee is constructed along the main river
-w1thout any’ 1mprovement of river channel.

“(ii) Alternative-B

- A medium- sized levee is constructed along the main
: rlver.‘Addltlonally, the low~flow channel and remarkably
" narrowed river channel portlon are reformed by dredging
: works.,.

(iid) hlternative—c '

_-Low—flow channel is widened and reformed by dredging
works with the average width of present river channel.
Additionally, the small levee is constructed at

. the riVer'banks with the low elevation.

Tiv) lternatlvewn

In addltlon to the nost suitable plan selected among
- foréegoing three alternatives, short-cutting is
performed at a large meandering portion at Pasir Mas. '

The comparatlve study on these alternatives is carried out
‘under  the conditions that the flood peak dlscharge is
12 000m3/5ec. '

Flg ‘VIII.4.19 shows the results of the comparative study.

Based on this figure, the variation of flood water level,
'earthwork volume and requlred cost are enumerated as follows;
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1. Flood watexr level

Water level in Alt-B is almost same as that of Alt—A, but
'is several ten centimetres lower at narrow places due to

dredging.

Water 1eve1 in. Altnc is several ten centlmetres to 1 5'
metres lower than that of Alt-A and B. .

2. Work Quantity ( mill. m3 ) | | -
. Dredging Work : o= 2 - 58
Embankment for levee 17 - 14 : 9

3. Cost of Earthwork ( mill.M$ ) = 138 118 400

ot . am® T e e i A Y W e SR ke S e S T M A A SO A e s LA P A S S S A K T AT S e S S AL TR L D 2R3 S M et S S S R SO A M R M GO S e

The above results show that the flood water level for
Alternative~C is lowered remarkably because of a huge amount of
dredging work and widening of low water channel throughout all
the 70 km long river stretches. Especially excavation -volunme
near the river mouth occupies about 44% of the 'total volume.
Consequently the required cost is about 4 times of- Alternatives-a
and B. Furthermore, Alternative-C is supposed to bring about- the
problem of difficulty of maintaining the design cross section of
river channel and the intrusion of salt water durlng dry sSeasons.

The requlred cost for Alternatmve-B is almost same as that
for Alternative~aA. But the floond water level for Alternatlve—B
is lower than that of Alternative-A. Thus, Alternative~B was
selected as the suitable scheme in this study.

Besides, the combination of AiternatiVe$ B and D is studied
to examine the effect of short-cutting (refer to Fig. VIII.4.20).

In the flood water level for the discharge of 12,000 m3/sec, the
volume of earthwork and its cost are also enumerated as follows:

ety T S Sy ot S oy T S S % S S S iy ok S S S W) AR VR W Ay o VS A o e Sl et e s b ik . Sy ek T S S T e o i g W i Gr W bk 4 S

Wk e W K T T AP ek S R Y rm Gk e COR M Pl S ek Gt T N U U A g s P Dy D S S A S S S D U S S g TR O S S Y P S S -

1. Flocd water level

Water level of Alt~D in the stretches of 40.km upstream from
the short-cut portlon is 3 m lower than that - of A&t~B at
most. _

2. Work Quantlty { mill. m3 ) _ T
Dredging Work _ 2 - B2

Embankment for Levee o 14 .. 8
3. Cost of Earthwork ( mill.M$ ) 118 - 382

o 2 W S e TS T ol o T it S T i A TS S T M TS W S s, 3 e i S S T AR . . B, S e S ey ek e S s P e, b e i PR e o e i Tt e R

The above results show that Alternatlve-D ‘short—cuttlng of
meandering portion at Pasir Mas, is not only a h;gh cost measure,
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: put also brings about the problems of spoiling excavated
materials and. of the reconstruction of existing 1rr1gatlon
distribution network. Besides, the river sand eroded in the

_short~-cut channel is apt to 'deposit in the KXota Bharu river
stretch. Considering these situvations, Alternative-B is finally
adopted as the optimum plan of river improvement measure.

4.4.3  Treatment of river moutﬁ

A large scale sand dune is being developed at the river
mouth of the Kelantan River because of a strong westward
littoral current and relatively low velocity of discharge from
the main river. The river mouth is apt to be closed by sand dunes
in case that the low dlscharge continues in dry seasons. This
phenomenon causes the inconvenience to navigational actlva.tles°

In order to examine floadlng effect by the sand blockage at
the river mouth, the relation between the flood water level and
vuthand—w1thout sand blockage was studied by non-uniform flow
calculation. Fig. VIII.4.21 shows the gesult of this study using
the flood peak. discharge of 11, 100 m”/sec, This figure  shows
that flood water level does not effectlvely go down only with the
removal of sand dune at the river mouth. It would be required to
dredge 'river bed upto several kilometres upstream from the
.estuary, when reffective lowering of flood water levg
expected. And, the dredging volume would be some million m w1th
a huge amount of annual maintenance cost. Accordingly, the river
improvement plan in this study is carried out under the condition
that the river mouth is remained as it is.

" The river mouth in the Kelantan River always varies its
location. and causes the difficulties to nav1gat10na1 activities.
In order to stabilize and maintain the river mouth and its
direction and its upstream river channel, some measures including
the prov151on of a jetty will be contemplated However, the study
on this river mouth treatment plan needs the solution for several
technical problems such as the direction and length of the river
‘mouth to be protected, the relation between erosion and scoring
near - the protected river mouth and littoral current and the
relation among the river channel variation near river mouth,
"river discharge in the rainy and dry seasons and llttoral
current. To . meet with ‘these requirements, sufficient
1nvest1gatlon ‘is needed during a long term to obtain the
follaw;ng data;

ff'fr Tldal level and its wave helght
e Topographlc map of the river mouth and coast with a large
.- scale. L
~ Volume and dlrectlon of l1ttoral drift sand
= Direction and velocity of surface wind velocity
- .Grain size distribution of riverbed material
= Wind-blown sand

“Addltlonally, a hydraullc model test for the treatment of

rlver moiuth is one of useful methods to clarify the effect of the
treatment works.
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4.4.4 Urban drainage in Kota Bharu

Present drainage system in the town of Kota Bharu divides
into three catchment areas; that is, south-west part of the town
of Kota Bharu with a catchment area of 23.4 km*®, south-east part
of the town of Kota Bharu with a Satchment area of 12.5 km* and
northern coastal plain of 74.9 kn“. - The central part of Kota
Bharu is located in the northern coastal plain area. Majority of
sewage and runoff caused by localized storm is draind to the
South China Sea through the Pengkalong Chepa River flowing from
the downstream area of Kota Bharu to northeastern direction and
Lubok Mulong River flowing from the upstream area of Kota Bharu
to northern direction.

In order to clarify the relation between the inundation
caused by overflow of flood from the Kelantan River and that due
to intensively localized storm, the relation between the
occurrance of relatively heavy rainfall in Xota Bharu and
concurrent flood peak discharge at Guillemard Bridge was studied
based on the rainfall record at Kota Bharu during .the 1956-1986
period and water level record at Guillemard Bridge during the
1965-1986 period.

The 5-day rainfall more than 1,000 mm and concurrent flood
peak discharge are estimated in Table IT.5.5 in ANNEX II,
HYDROLOGY, and they are summarized as follows:

Date 5-day rainfall (mm) Flood peak (m3/s)
1967, Jan. 1385 16,000
1981, Nov. 1123 2,028
1986, Dec. 1463 6,901

The flow capacity of river channel at Kota Bharu stretch has
been estimated at around 5,000 m /sec. The Flood Report prepared
by DID states that the town of Kota Bharu was not inundated
during the intensively localized storm in 1981. The 5-day
rainfall in November 1981 corresponds to about 15-year
probability. This fact implies that the present drainage systenm
has capacity to discharge the runoff with about 15-year return
period, which is caused by intensively localized storm, and
inundation in the town of Kota Bharu may scarcely occur unless
the overtopping of flood from the Kelantan River takes place.

. Ip orger to further study the urban drainage in Kota Bharu,
investigation and study on the existing drainage network and
hydraulic conditions at the occurrence of intensively localized
rainfall will be needed. These investigation and study should,
however, be carried out after confirming sufficiently the
inundation condition after the implementation of the proposed
flood mitigation project.
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4.4.5 step-wise'developmant plan

In’ case ‘that river improvement is carried out with stage
development as discussed in the preceding Section 4.2, the
construction of levee will be executed in the following steps:

1) Provisional stage

- Continuous levees will be constructed on both banks to

-_protect the rural rlparian areas from a 20-year probable
fleood, i.e. rlver stretches of KL2, XL4, KL7, KL10 and
KLil. ‘ '

-“A" ¢gontinuous levee will be constructed along the river to

:=protect. the urban riparian areas of Kota Bharu (X3},

- Pasir Mas ' (KL5), Tanah Merah (KL8), Temangan Lama  and
Bharu (KL9) and Kuala Krai (KL12) from a S0-year probable
£lood.

_2):Fina1 Staqe
‘. ‘'Phe “levee in the rural riparian area will be made hlgher and

‘wider to- ‘raise the protection level from a 20-year probable
_.flood to a 50ﬂyear probable flood.

4.4.6 Ralationship between ‘the peak d;scharges and the construc-
tion cost of rlver improvement

 ‘The constructlon cost of river improvement was estimated
assuming the five peak discharges at Guillemard Bridge; that is,
6;000119fooo 12,000, 15,000 and 18,000 m3/sec.

The constructlon cost for the above river improvement  as
q1ven in Fig. VIII.4.21 was estimated referring to the unit price
in the 51m11ar prOjects in the ba51n.

o 47 Implementatien Programme for Flood Mltlgatlon Plansg
4.5, 1 COnstruction time schedule

The construction time shcedule for the concelvable elght
-flood ‘mitigation - plans ‘was prepared under the following
condltlons and considering Malay51a Five-Year Development Plan;
511) .Construction perlod and disbursement:

.~ = Seven years for the Dabong, Lebir and Nenggiri schenes
 with the disbursement of 0.05, 0.10, 0.25, 0¢.25, 0.20,
0.10 and 0.05,

- Three ‘years for the Kemubu shceme with the dlsbursement of
-'O 20 0.50 and 0.30.

' (2) * The constructlon period for river improvement is estimated
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based on the embankment capacity of 2.0 million m? a yearx
for levee, and the construction costs are unlformly

disbursed.

(3) The construct;on of river lmprovement for the final staqe is
‘commenced immediately after ~the completion of the-

provisional stage.

(4) Censideratlon be given: to disburse the: annual. ccnstruction
fund evenly throughout the construction period.

(5) Prlor to the 1mp1ementatlon works, a series of pre~requlslte
works such as feasibility study, loan arrangement and

detailed design are performed,

Fig. VIII.4. 22 shows the construction time shcedule for
eight conceivable flood mitigation plans’ prepared ‘based on the
foregoing condltlons. _

4.5.2 Annual disbﬁrsement schedule__

Based on the foreg01ng construction tlme schedule, the
annual disbursement schedule for elght .conceivalbe flood
mitigation plans and construction cost estimated in Table
VIII.4.3, the annual disbursement schedule was prepared as shown
in Table VIIT.4.4.

4.6 Belection of Suitable Combination Plans
4.6.1 General

The benefits accrued from hydropower generatlon and 1rr1gted
agricultural  development are discussed in Chapte 6, Econonic
Evaluation of Annex VI, whilst the beneflts for flood_mitigation
are estimated in Annex V. : _ ' _

The construction costs for the development of dams and river
improvement are estimated as discussed in the preced;ng Section
4.3 and 4.4, The economic viability of each: cemblnatlon plan is
assessed by preparing the streams of those benefits and costs.
The basic assumptlons and conditions applied for the economlc
evaluation are glven as follows: _ o

(1) A project life is 50 years from the 1n—service date. )
(2) Constructlon perlod and dlsbursement o '
~ Seven years for the Dabong, Lebir and Nengglrl schemes
‘with the disbursement of 0. 05, 0.10, 0.25, 0.25, 0.20,
0.10 and 0.05, : L S -

- Three years for the Kemubu shceme Wiﬁh the
disbursement of 0. 20, 0.50. and 0.30. : s

(3) The construction period for river 1mprovement is.
estimated based on the embankment capacity of 2.0
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million m- a year for levee, and the construction costs
are uniformiy dlsbursed.

(4) The construction of river improvement for the final
stage is commenced immediately after the completion of
the provisional stage. .

{5) Economic cost is 85% of construction cost.

(6) The O&M costs of dams and river improvement are taken to

" be 0.5% of their direct construction costs. In case

that hydropower generation is included as an objective

of dam development the O&M costs are assumed to be MS$513
per KW.

{7) it is assumed that the river improvement works proceed

from downstream to upstream stretches and benefit for

~ flood mitigation by the river improvement in a certain

~river stretch accrues 1mmed1ate1y after the completion
of the river improvement work in this stretch.

'4.6.2 Selection of suitable combination plan including water
resources development

. Based on the foregoing conditions and assumptions, economic
_evaluatlon by means of economic internal rate of return (EIRR)
was  made for the conceivable combination plans. The result is
given in Table VIII.4.5, in which benefits for power dgeneration,
irrigation and flood m1t1gt10n are counted.

, The Dabong dam scheme shows the highest economic efficiency
in terms of EIRR, Thus, the Dabong dam scheme is selected as the
most promlslng plan for the water resources deVelopment of the
' Kelantan River basin and the flood mitigation in the downstream
‘reaches of the Kelantan River.

“It is noted there are negative socio-economic impacts for
dam schemes as enumarated in Table IV 3.1 of ANNEX IV SO0CIO
_ECONOMY. - In this table, large constraints for dam construction
are - ralsed for Dabong. They are resettlement of about 7,400
houses Wlth inhabitants of about 37,200, relocation of about 55
km- long. rallway and 57 km long natlonal ‘highway and submergence
-of 11, 000 ‘ha wide rubber and oil palm plantation.
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5. ENGINEERING S8TUDIES FOR RIVER IMPROVEMENT

5.1 Genersal

As desc¢ribed in the preceding Section 4.6.2, the
construction of Dabong dam with river improvement is the most
conceivable scheme for the flood mitigation in the downstream
area of the Kelantan River basin. The engineering studies of
river improvement works for the above plan are presented

hereinafter.

5.2 FEngineering 8tudies for River Improvement
(1) Design discharge

Assuming the flood control effect of Dabong dam, the design
d%scharge for river improvement works was estimated at 9,000
m”/sec for the 20-year probable flood and 11,100 m3/sec for 50~
year probable flood.

{(2) River improvement plan

The river improvement work of Alternative-B was selected on
the basis of the results of comparative study as described in the
preceding Section 4.4.2. While, the structural plan consisting of
earth and special levees was established by the design criteria
as described in Section 4.4.1.

The design high water level and design river bed elevation
along the Kelantan River are calculated as shown in Fig.VIII.S.1.
While, the arrangement of levee is shown in Fig.VII1.5.2. The
typical cross sections of river channel are also illustrated in
Fig.VIII.5.3.

(3) Work quantity and construction cost

The scale of river improvement work and its quantity are
enumerated as follows:

Protection area : from Kuala Krai to 2.5 km upstream from
the river mouth

Design flood 11,100 m3/sec at Guillemard Bridge

o4

Length of levee 180 km ( Levee for main and tributaries )
Height of levee : 4.5 m on an average

Embankment volume

of levee : 15 million m°

. The construction cost for river improvement work was
estimated as enumerated below: ‘
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{ Unit:million M$ )

Stage Urban Area Rural Area Total
Provisional Stage 192 319 511
Final Stage - 91 91

Total 192 410 602
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6. RECOMMENDATION FOR NON“BTRUC?URBLIHERSURES

6.1 General

As discussed in the pregedlng Chapters,. all the river .

stretches extended in the downstream reaches of the Kelantan
River, flood.prone area, are planned to be protected from a 50-
year flood with the structural measures by combining flood
mitigation dams and river 1mprovement.

Non-structural measures such as flood zoning, restriction of
development, land use change and resettlement of population are
normally. applied to the flood-prone areas: where the structural
measures cannot be economically viable or will not be 1mplemented
over the foreseeable future. Since the flood-prone areas in the
downstream reaches of the Kelantan River will be protected with
such structural neasures. as dams and river 1mprovement in- the
foreseeable future, the ‘application of ruuwstructural neasures

“such as flood zoning, restriction of development, land use change
and resettlement of populatlon is not conceived to be necessary
for the flocod-prone area in the downstream reaches of the
Kelantan River. _ :

Flood proofing of houses by means of . elevated floor is
commonly applied with individual basis in the flocd-prone area of
the Kelantan River. Considering the frequency of floods and time
requirement for the dam constructlion and river 1mprovement works,
the construction of new houses with elevated floor is encouraged
as one of measures for the flood mitigation in the Xelantan River
basin. The guidance to construct new houses to the high elevation
or newly protected areas 1is another measure for the flood
mltlgatlon in the Kelantan Rlver basin.

There is no comprehen51ve flood mltlgatlon plan by
structural measures; that is, flood threat still remains even
after the introduction of structural. measures for flood
mitigation. A flood forecastlng and warning systen\ “will be
introduced for mitigating the remalnlnq flood threat as the
reinforcement of the structural mneasures. Furthermore, flood
mitigation by flood proofing requires the prediction of a coming
flood for the advance preparation. In this sense, the
introduction of flood forecasting and warning-system is desired.

In fact, a flood forecastlng and.‘warnlng system  was
introduced for the entire Kelantan River basin in 1971, and was
renewed in 1986 as discussed in the preceding Sectlon 2.6,
Existing Flood Forecasting and Warning System. Therefore, the
improvement of existing flood forecasting and warning system is
reconmended as the non-structural measure for the flood
mltlgatlon in the Kelantan River basin.
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6.2 Recommendation for Non~Structural Measures

A forecastlng and warning system 1ntroduced in the Kelantan
R;wer basin consists of a real time water level and raihfall
telemetrlc system. The Tank Model and the stage correlation
techniques have been applied with much success over the years in
forecasting the flood water levels which are then used in the
release of flood warning to public. As explalned in the
preceding Section 2.5, the fact that inhabitants in the flood-
prone areas evacuated to safe places when the warning of
emergency level was issued shows that the flood forecasting and
warning system in the Kelantan River basin functions well.
Therefore, the current issue is to improve further reliability of
flood predlctlon. _

- At present, the prediction of flood runoff reljes on six
telemeterad ‘rain gauges scattered over the 12,080 km? catchment
ared. Although the flood forecasting model used had predicted
the flood d;scharges/levels quite well at Guillemard Bridge, the
reliablllty of the model prediction can be further enhanced by
having a -higher density and well distributed telemetric
Outstaﬁichs._'0ver the catchment area upon close inspection on
the present telemetric network, it is recommended to install a
new telemetered rainfall statlon in the Nenggiri River basin. In
case that a dam or dams are built in the upper basin the existing
flood forecasting model shall be modified, and additional
combined telemetric rainfall and water level stations should be
1nstalled at the dams to facilitate in the flood predictlon.

At present the flood forecasting and warnlng operation by
the State DID in Kota Bharu is manned by State hydrological staff
and backed-up by the Flood Forecasting Centre in DID Kuala
Iumpur. - .In order to ease the data processing and decentralising
the .flood operation to the State DID, it is recommended to
install micro-computer based link-up system to the existing
telemetric terminal station at Kota Bharu. If the dams are
built, rnew flood forecasting model would be required. Hence,
training in the model development and its forecasting operation
‘are required for the new systemn.
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Table VIII.4.1 Flood Mitigation Effect of Storage Dams

{Unit : cms)

L R T T T e

Peak discharge at

) Peak-cut Guillemard Bridge
Case Scheme ratio =0 e loaa
: 1 20-year 50-year
1 Without structures 2f LT iéjZE% _______ ié:ggéﬂ
2 RIY 3 &) - 14,350 17,420
3 Nengﬁiri + R/I 100 13,367 16,175
4 - do - 90 13,394 16,206
5 - do - 80 13,435 16,254
6 - do - 76 13,456 16,299
7 Kemubu + RfI 40 11,609 13,936
8 - do - 30 11,689 14,136
9 - do - 20 12,118 14,719
10 ‘-~ do - 15 5/ 12,500 15,185
11 .Lower Pergau + R/I 30 12,801 15,627
12 - do - 20 12,971 15,879
13 - do - 10 13,399 16,314
14 - do - 9 5/ 13,433 16,348
15 Dabong + RfI 80 8,459 10,586
16 - do - 70 8,545 10,683
17 - do - 60 8,655 10,802
18 - do - 59 5/ 8,988 11,079
19 Lebir + R/1I 70 10,496 12,442
20 - do - 60 10,606 12,580
21 - do - 50 10,648 12,817
22 - do - 37 5/ / 10,661 13,213
4]
23 Lebir + Nenggiri + R/I 70 100 16,021 11,592
24 - do - 60 90 10,157 11,999
25 - do - 50 80 10,238 12,088
26 - do = 37 76 10,249 12,101
27 Lebir + Kemubu + R/I 70 15 8,841 10,680
28 - do - 60 20 8,665 10,453
29 - do - 50 30 8,459 10,083
30 - do - 37 40 8,543 16,107
31 Lebir + Dabong + R/I 70 80 4,936 6,066
32 - do - 60 70 5,224 6,429
33 - do - 50 60 5,486 6,745
34 - do - 37 59 6,000 7,466

v A e ey Py v e o b e Al W P W S W M Gy 7= e et S AL WS Y e T = A RS W M A R T e e ow e e 08 PR R o RS s s as

Notes: 1/ Peak-cut ratio = Peak outflow from the spillway for
flood mitigation/peak inflow

2/ Flood discharge in nstural condition
3/ R{I means river improvement

4/ ‘Inundated flow between Kuala Krai and Guillemard Bridge
is confined in the river channel.

5/ An ordinary overflow weir for flood mitigation is not
provided to the spillway for the case with the lowest
peak-cut ratio of each dam scheme; that is, the flood
mitigation to the downstream reaches 18 only expected
with the overflow weir for PMF.

6/ The peak-cut ratio of the Lebir dam scheme is shown in
=" the first column, while the second column for the

Nenggiri dam scheme.
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Table VIII.4.5 Fconomic Comparison of Combination Plans

—-.-_———-a.-..n-..a_-._—-m—-.mo—-—-m_——ummu_m_mnw—mn—-—_m.-mm-u—-n————-——-.——

Case Scheme Peak-~-cut EIRR
ratio, % %
1. R/X - 5.34
2. Nenggiri + R/I 100 9.91
3. - do - 20 10.33
4, - do - . 80 10.53
5. - do - " 76 10.87
6. Kemubu + R/I 40 4.44
7. - do - 30 4.38
8. - do - 20 4.22
9. - do - 15 4.06
10. Dabong + R/I 80 11.01
11. - do -~ 70 11.31
12, -~ do - 60 11.78
13. - do ~ 59 11.93
14. Lebir + R/I 70 6.11
15 - do -~ 60 6.20
l6. - do -~ 50 6.29
17. - do - 37 6.27
18. Lebir + Nenggiri
+ R/I 70 100 9.24
19. - do - 60 90 9.49
20. - do - 50 80 9.66
21. - do - 37 76 9.89
22. Lebir + Kemubu
+ R/I 70 15 5.55
23. - do - - 60 20 6.06
24. ~ do - 50 30 6.32
25. - do - 37 40 6.34
26. Lebir + Dabong
+ R/I 70 80 11.08
27. - do - 60 70 11.19
28. - do - 50 60 11.37
29. - do - 37 59 11.19
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Implementation Programme of Combination Plans
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