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ABBREVIATIONS OF MEASUREMENT
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= miiliﬁeter
¢ = centimeter
m = meter
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ftt = foot
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om? = sqﬁate centimetar
-m? = square meter
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em3 = cubic centimeter
1 = 1lit = liter
k1l = kiloliter
m3 = ¢ubi¢imeter
Weight
ng :.milligram
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ton = metric ton
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1. INTRODUCTION

ANNEX G of the reporlt presents the data, method and results of
flood analysis and the conseguent flooé mitigation schemes recommended
for the South Johor Region with the target year df 2005. It also
includes a preliminary design of the flocd mitigation scheme for the
‘area of 'Kota Tinggi and 4its vicinity along Johor River which is
selected:aé the model river stretch since the flood mitigation has a

high priority of flood mitigation scheme.

The study is mainly based on information collected and results of
site reconnaissance surveys from August Lo October 1984, The
hydrographic survey for the river channel of the model river stretch

was undertaken by the Government of Malaysia.
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2. PRESENT RIVER CONDITION

2.1 Studied River Basins

There are nine major river basins in the Region; namely, Johor,
skudai, Tebrau;_Benut, Pontian Besar, Pontian Kechii, Pulai, Sedili
Besar and Sedili Kechil. The total catchment area of these major river

basins'is approximately 6,176 kmZ, or 84% of the Region.

The river systems in the major river basins are indicated in

Table 1 and in Fig, 1, and theixr features are described hereunder.
(1) Johor river basin

The basin has the largest catchment area of 2,687 kmz among all
the river basins in the Region, The main stream of the Johor Rivef'
originates in the northwest area of the Regidn and.flows down towards
the east until it comes to Kota Tinggi meeting ﬁajor tribufaries such
as Sayong, Pengli, Linggiu and Semangar. It turns its course towards
the south after it passes through the town area of Kota Tinggi and

empties itself to the Strait of Johor.

Rubber and oil palm plantations are well developed along the main
stream, while the areas along tributaries especially Linggiu river are

-mostly covered with dense forest.

Kota Tinggi and its viecinity is highly populated area along the

river and is one of the most frequent flood-prone areas in the Regions.

In this basin, Sayong Dam and Linggiu Dam with theif catchment
areas of 662 km? and 206 km2, respectively, are proposed for the
purpoééfof'water supply. The dams are also conceivable to have flood
control function. The locations of the dam sites are as indicated in

Fig, 1.



(2) Skudai and Tebrau river basins

Both river basins comprise the most developed area in the Region

as agricultural land and urban area including Johor Bahru, Senai, Kulai

and Skudai.

Both rivers originate in the center of the Region and flow down

towards the south in parallel. The catchment area of the_Skudai riygr

iz 297 kmZ, And the Tebrau river has a catchment area of 258 km2.

In the downstream reach areas of the rivers, there are twQ intake

weirs with pumping stations owned by PUB Each weir is provided with
three gates for the operation of flood discharge; the size of the gates
on Skudai River is 2.2 m or 6,5 feet in height and 6.7 m or 20,0 feet
in width, while on Tebraa River, the gize is 2.3 m or 7.0 feet in

height and 6.7 m oxr 20.0 feet in width.
(3) Pulai river basin

The basin stretches in the southeast area of the Region with a
catchment area of 292 km2, The major tributaty of the Pulai River is
Jeran Choh River, The downstream reach area from the confluence w1th
the tributary is mostly swamp which occupies 117 km2, or 42% of the
basin. while:the area aiong the upstream reach is well developed as

the agricultural land.
(4) Benut, Pontian Besar and Pontian Kechil river basins

The basins are located in the western’ part of the Reglon. _The
Benut river basin has a catchment area of 568 kmZ, 283 km2 the Pontian

Besar has 283 km2 and Pontian Kechil has 92 km2,

The middle reach areas thereof form a vast marshy area, whlle the

upper and lower reach areas have bheen well developed as agrlcultural
lands under the Western Johor Agricultural Development PrOJects. The
populated areas are Ulu Benut located along the lower reach df Bénut
River, Renggam and Macap along the upper reach of Benut River, and

Pontian Kechil along the lower reach of Pontian'Kechil River,
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There is a flood control dam named Macap Dam on Macap River, a

tributary of the upper Benut River.
(5) . Sedili Besar and Sedili Kechil river basins

These basing are located in the eastern part of the Regioh. The
catchment area of the Sedili Besar river is 1,397 kxm2 and that of the

gedili Kechil river is 302 km2.

The basins are mostly covered by natural forest, and there is no

notable populated area.

2.2 Present River Channel Condition

.To assess the present river channel condifion and formulate the
flood mitigation séheme'for:the Region, each major river was divided
into several stretches as shown in Table 2 and in Fig, 1. The stretch
division was made mainly in consideration of the ldcation of the
confluence, the layout of river strubtures.ahd the land use in the

riverine area.

The present channel slope, depth and width of each river stretch
were estimated ‘through the field reconnaissance surveys and the
available maps and results of former river channel surveys. .Based on
the _estimatmﬂ dimensions, the river channel flow capacity of each
stretcﬁ was estimated, as shown in Table 3, by means of the uniform
flow calculation method using Manning's éoefficient of Roughness of
0,03,  The estimated flow capacity was further compared with 2-year
flood discharges which were assumed on the basis of the flood records

of all available stations in Peninsular Malaysia, as shown in Fig. 2.

As shown in Table 3 and in Fig. 2, many'river stretches have flow
Capacitigs-of less than 0.4 m3/s/km2, which can hardly cope with a
flood'_of 2-year flood.. This extremely _10& flow capacity of fiver
channels .causes inundation which stagnate in the swamps located on some

sides of most of the rivers, Moreover, high tide often aggravates



flood hazard, because river channels in the lower reaches have gentlg

slopeg of 1/4,000 to 1/20,000.

Among the rivers in the Region, relatively high flow capacities

were found in the Skudai, . Tebrau, Benut, Pontian Besar, and Pontlan

Kechil rivers which have been improved by DID.

hg for the problems on sedimentation, erosion and neandering of

the channels, there are not so serious in the Region, Only the land

reclamation for housing development along skudai River is now producing

the sediment and causing the aggradation of ‘the riverbed.

The present river condition is degceribed more in detail for each

major river basin, as below:
(1) Johor river basin

The Johor river system has small flow capacity of less than 0.2
m3/s/km2. Especially, the flow capacity of the main channel between
‘the confluences of the Pengli and the Semangar rivers is less than 0,15
w3 /s/km?, Moreover, the area of Kota Tinggi ‘and its vicinity is
subject to flooding amplified by high tide due to a gentle ' channel
slope of less than 1/4,000. '

(2) skudai and Tebrau river basins

The dJdownstream reach. from PUB's intake weirs have a high fiow
capacity of around 1,0 m3/s/km2, while the upper stretches from the
weirs have a small flow capacity of 0.2 m3/s/km2 to 0.4 m3/s/km?.
Bottlenecks are observed at Maju dJoya Village‘iﬁ'the middle ‘reach of

Tebrau River, and at Senai Town in the middle reach of Skudai River.

(3) Benut, Pontian Besar and Pontian Kechil river basins

The river systems have relatively high flow capacitiesL wﬁich
range from 0.6 m3/s/km2 to 1.4 m3/s/km2.  Although the downstream
reaches of rivers have eXtremer gentle  slopes of . from! 1/6,000 to

1/20,000, the stretches are well protected from high tide by the tidal
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banks, Moreover, the Benut and the Pontian Besar rivers flow throQgh
vagt marshy areas in their middle reaches + thereby flood discharyges

are regulated considerably.
(4} Pulai, Sedili Besar and Sedili Kechil river basins .

The river systems have flow capacities of less than 0.1 m3/s/km2,
which is thé.smallest among the major rivers in the Region. The Sedili
Besar and Sedili Kechil rivers also have extremely gentle channel

slopes; espécially, Sedili Besar has a channel slope of 1/10;000 to
1/15,000 which extends to 60 km upstream from the river mouth.

C 2.3 Existing and On-Going Flood Mitigation Works
2.3.1 Existing Flood Mitigation Works

DIP had completed flood mitigation works, such as river chénnel
improvement, tidal _dike and flcod control dam, for the strategic
stretches of the Skudai, Tebrau, Benut, Pontian Besar'and the Pontian
Kechil rivers. These completed flood mitigation works are illustrated

in Fig. 1.
'(1} Skudai and Tebrau rivers

The_fiver channel improvement works in the Skudai and the Tebrau
rivers wefe completed in 1974 for the stretches downstream from PUB's
intake weirs,. By this work, the flow’ éapécity equivalent to the
discharge of 20-year flood is provided to the improved channel foflﬁ km
in the downstream reach of the Skudai River, The flow capacity

equivalent to 10-year flood is provided to the downstream reach of the

Tebrau River for 5 km.
(2) Benut River

.Tidal dikes were provided on the left and the right banks of the
lower channel of -the Benut River from the river mouth to upstream for

11 km. Dikes were also provided to the Pinggam River, a tributary of
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X chénnel improvement was completad in 1982 for

sint of the tidal pank mentioned above

the Benut River, Rive
the upper chammels from the end p

to Simpang Renggam for 18.0 xm. The improvement work was planned. to

provide the flow capacity equivalent to the discharge of a flood of 5

year return period.

For the Macép_ River, a flood control dam, Macap Dam, was

constructed in 1982, MWacap Dam is located in the upstream ;each of "the
Macap River, the tributary of the Béﬁut River, having a catcﬁment area
of 78 km2, The primary purpose of the dam is flood control against a
design inflow equivalent to a flood of 25-year return period to protect
the lower basin including Simpang Renggam Town and its environs. It
has the gross storage volume of 30.6 x 106 m3, out of which 10.4 x 108
w3 is used for the flood control, another 10.4 X 106 m3 for the water
supply of about 10 Mgd or 45.5 M1d, and the remaining 9,8 x 106 @3 is

dead storage.

Furthermore, several drains, such as the. Ulu Benut Catch Drain
and the Benut High Level Drain, were provided in the niddle reaches of

the Benut River,
{3) Pontian Besér Rivex

Tidal dikes were provided on the left and the right banks of the
lower channel of the Pontian Besar River from the river mouth to tﬁe
confluence with Ayer Hitam _River, the principal tributary. = River
channel improvemeﬁt was carried out for the channels of the Pontian
Besar River from the river mouth for about 25,0 km. Improvemeht was
also undertaken on the Ayer Hitam River from  the éonfluence with the
main chapnel for 7,0 km. The design discharge provided by these
improvement works corresponds -to that of a flood of 5-year return

period.,
(4) Pontian Kechil River

The river channel improvement was carried out to enlarge the flow
capacity from Kampong Doku about 3.0 km upstream from the rivexr wmowth

to Pengkalan Raja for 11.0 km. The design discharge of this channel.
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improvement is estimated to correspond to the discharge of a flood of

about 10-year return pericd,
(5) Johor, Pulai, Sedili Besar and Sedili Kechil rivers

No major flood mitigation measure has so far been provided for

these rivers.
2.3.2 On-Going Flood Mitigatidn Schemes

D1D plans to extend the aforesaid flood mitigation works. The
plan eﬁvisagedithe river channel improvement wdrk of skudai River from
the PUB's intake weir to Kulai with an improvement length of about 15
km, as shown in Fig. 1. The improvement wbrks have already started
partly for the length of 5.9 km from PUB's intake weir to Senai so taht
ﬁhe channel flow capacity is estimated to bhe increased from the
existing one of less than 50 m3/s to 310 m3/s which is equivalent to a
flood of 10-year return period. The channel improéeméntlwill reduce
the present high flood damage on the Senai and the kulai, which have

high population growth,

. Channel improvement works downstream from the Macap Dam is almost
completed, as shown in Fig. 1. This channel improvement, together with
the flood control by the Macap Dam, will contribﬁte to mitigate a flood

of 25-year return period.






3.1 Historical Flood Events

The historical flood events between 1963 and 1979 compiled by
NWRS were réviewed and updated ‘to’ 1985 by incorporating new information
in the Annual Flood'Damage Report of DID, and the results of iﬁterview

with the State DID and local peoples.

. The Region is_ subject to frequent flooding from November to
Februaxy during. which the rainfall pattern is dominated by the
Northeast Mbnébon. ~As stated in the prévious-chapter, many - of the
river Stretches have an extremely insufficient flow capacity against
flood rﬁnoff.: The insufficient flow capacity easily induce a flood
.damage whenever the Region receives a precipitation of around 100 mm
which occurs eVery-one or two years. Moreovei, because of the gentle
channel slope, the backwater effect due to tide could be a significant

contributing factor in a flood.

. The flon in December 1969 was especially serious and extensive,
It was tﬁe'largest flood in the major rivers durihg the past 20 years,
On that occasion, precipitation of 250 to. 300 mm during 4 to 7 days was
recorded, @ Fload biought:inundaﬁion all over the Region, as shown in
Fig. 3. ‘The total flooded area was about 570 km2, The flood duration

was 5 to 7 days, and the maximum depth reached 1,0 to 2.0 m,

-~ Tha recenﬁ.major floods following the aforesaid December 1969
f£lood occurred. in December 1978, November 1979 and December 1981 with a
precipitation of 200 to 250 mm, but these floods extended in a limited
area unlike the December 1969 flood. ' '

The December 1978 flood hit mainly the southwestern part of the
Region ‘covering tﬁeiSkudai,;T@brau, Pontian Besar, Pontian Kechil and
the. Pulai river basins, On the othex hand, tHe November 1979 flood
inundaﬁed'Johor'river basin.located in the-northern part of the Region.

2s for the flood in December 1981, the flooded area was concentrated to
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the eastern part of the Region covering the Sedili Besar and the Sedill

Kechil river basins.

according to the record of the Department of Welfare, hundreds of

people fled to the evacuation centers due to the aforesald, floods,

especially in December 1978 and November 1979 when people in the lower

reaches of the Johox, skudai and the Tebrau river basins were affected.

Furthermore, floods often cut the highways llnhlng Johor Bahru to
Mersing and to Ayer Hitam., :The railrecad gyoing to Kuala Lumpur from

Singapore was submerged by the flood of December 196%.

3.2 Present Land Use Status and Population in Past Flocded Area.

The - present land use and population within the past flooded area

were estimated'to evaluate the Flood damage potential of the Region,

{1} - Land use

The land use states as of 1985 within the past flooded area was
estimated, as shown in Table 4, by supéerimposing the pndermentioned

land use map and the flooded areas caused by the past ma jor floods:

- The land use map as of 1985 was presumed by updatlng ‘the Land Use
Map ‘in 1981 prepared by MOA based on the information obtained

during the present survey.

- The flooded area of the past major floods was estimated by
incorporating the flood maps prepared by DID and the information
ohtained by site investigation. Depth ‘and duration of the

flooded were also estimated on the basis of the same data source,
(2} Population and number of housgeholds

The population as of 1985 within the flooded_area.wés estimated
and shown in Table 5, by multiplying the aforesaid past flooded area
with the population density in 1985 which is assumed on the basis of

the results of the Socio-Economic Study.
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The ‘number of urban and rural households as of 1985 within the
past flooded area was also assumed, as shown in Table %, by the average
number of persons per household and the above.estimated population.
The average number of persons per household was set from the 1980

Population and Housing Census, DOS.

3.3  Amount of Flood Damage for Past Flood Events
3.3.1 Unit Value of Assets and Flood Damage Factors

To "estimate the monetary wvalue of flood.damage, the unit wvalues
of asgsets to be.damaqed by a flood and their damage rates were assumed.
The unit values of agsets area estimated at 198%'s price level and the
‘flood damage rates or factor are to be defined corresponding to the

flood depth and duration.

The unit wvalues and damaée factors were estimated for
agricultural damage, non-agricultural damage and' indirect damage by

referring to the data in the previous study, as below:
(1) iAgricultural Damage

The :damage is diﬁided into loss.for production of crops and loss
. for investment due to mortalities of crops. The uniﬁ valués and damage
factors for the said losses were estimated, as shown in Tables 6 and Ty
by referring to results of the field durvey made under the Western
Johor Agricultural Development Project {(Ref, ©). The.field survey was
done for the recent 1982-1983 flood and the February/March 1984 flood
in Batu Pahat river basin; the basin is adjacent to the Region and its

major flood damage comes: from the agricultural one,

o Agcording to  the results of _the fiela' éurvey, different
mortaiities and production losses were observed for different ages of
" ¢rops and differeht flood durations. . As shown in Table €, high
mortality rates of more than 60% focussed on the tender ages of less

than three years old, but the rates decrease rapidly to less than 10%
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for the ages of more than sgix years old. as for. the loss of

coconut plam have their production loss for . the

productiOn, rubber and _ _
while oil palm and, mixed .

ages of more than 5 to 6 years old,.

norticulture have their production loss of more than-2 to 3 years old.

For the sake of estimation for the average value of damage per hectare,

it is herein assumed that crops of each di.fferent age 1is uniﬁormly

distributed in each farm land of the crop.
(2) NonuAgticultural Damage

The damages on houses/buildings and public utilities were
egtimated by referring to the date in NWRS and the Property Market

Price 1983.

mables 8 and 9 show the estimated unit value -and- £lood damage-
factors for houses/buildings, In this connection, the Fflood damage -on
roads, bridges, irrigation facilities, electric power facilities, water
supply facilities, and other publié facilities were assumed to be 30%

of the damage on the houses/buildings.
(3) ° Indirect Damage

Economic losses due to suspension of prodﬁciton, .trade,
transportaiton and communications, called indirect damage, are assumed
ro be 30% of the total value of direct flood damage by referring to the
data in NWRS and reports for other river bésins in Malaysia (Ref. 12 to
14). '

3.3.2 Present Flood Damage Value

The present flood damage value was estimated from the‘follbwing

information:
- The agricultural area and the number of households as .of ‘1985 to

be ‘flooded by reappearance of past major floods (Ref. Tables 4
and 5); '
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- The depth and duration of the above-mehtioned flood {(Ref. Table
4); ‘

- The unit value of assets (Ref. Tables 6 to 8); and

- The flood damage factors corresponding to the depth and duration

of flood (Ref. Tables 6, 7 and 9).

The results of estimation are compiléd in Table 10, which implies
‘that the flood damage® value as of 1985 could be brought by the

reappearance of past major floods.
3,3.3 Future Flood Damage Value

The future flood damage value is assumed to change due to nore
intensive use of.land resources, increase or decrease of households,
and the incremental wvalue of assets. To estimate the fubture dJdamage

value, the feollowing assumptions were made:

- Number of households to be affected by flood will change in

accordance with the average annual growth of population,

- Housing and its properties will have guantity increment per

household at a rate of per capita GRP growth,

The aforesaid average annual growth of population and per éapita
GRP is assumed-in the Socip—Economic.Study-(Ref. Annex A). Following
the above assumptions, the present flood damage value was made trend
toward the‘future damage value. The future damage value as of 2005;

thus estimated, is compiled in Table 11.

The population as of 2005 to be affected by floods was also
estimatéd'by ﬁultiplying the presént.population within the past flooded
area shown in Table 5 with the_average.annual growth of population.

The results of estimation are compiled in Table 12.
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3.4 Probable Flood Damage

The frequency curves of the past major floods were estimated to

xnow the relation = between = the flood damage - and - its recurrence

probability. This estimation was made based on the annual maximum of

flood records. The results of the estimation are compiled in fable 13

and in Fig. 4.

The Flood ‘damages corresponding to the past major flood scales

are assumed to have the aforesaid recurrence probability. 'As_for the
recurrence probability of non-flood damage, the following assumptions

are applied.

- If no flood mitigation works has been provided to the river
stretch, the recurrenée 'probability.=of- non-floocd damage - is
estimated to be approximately 2-year return pefiod considering

the present flow capacity as referred to in Seciton 2,1.

- 1f some flood mitigation works has already been provided to the
river stretch, the recurrence probability of non-flood damage is

estimated to be same as that of designed flood protection level,

Through the above assumptions, the relationship Dbetween the
return period and the flood damage could be established, as shown in

Figs, 5 and 6.

The probable flood démages corregponding to annual averages and
various return periods were estimated from the relationship, "as shown

in Tables 14 and 15,

3.5 Notable Damageable Area in the Region

A notable high potential of flood damage is found,; as- shown in

Tables 14 and 15, in the areas along Stretch No, 1 of Johor River and

aloqg Stretch No., 2 and No. 3 of Skudai River from the PUB weir.



These high potential areas implicate the densely populated towns,
such as Kota Tinggi along Johor River, and Senai and Kulai along skudai
River, -A@ricultural plantations are also well developed in these
éreés, ‘hut in- spite of such high land use value, no major flood
miﬁigation has been provided_so far and flood overflows frequently due

to the insufficient flow capacity of the exzisting river channels,

The_annual average of flood damage in the above areas presently
amounts to.about M$2n6_million; or 55% of the Region total. As for the
popﬁlation to be.affected by a flood, it is assumed that there is
presently S,SGO.people in the areas, which correspond to 62% of the
Region total. |

Furthermo?e, the future population growth in the areas are
predicted to be compafatively-high; the annual average of population
growth from 1985 to 2005 is estimated at 5.1% at Kota Tinggi, and 6.23
at Senal and Kulai, while the average growth in the Region is 4.6%,
Consequently, the potential flood damage in the areas will be further

increased,

The areas aidng other river stretches aside from the aforesaid
Jonor and Skudai rivers are evaluated to have a low potential flood
damage, which is attributable to the existing high flood protection
level provided by the existing flood mitigation facilities such as the
case of Benut, Pontian Besar and Kechil rivers, or the low value of
land such'as the case of Pulai, Pontian Besar, Pontian Kechil and the

upper reaches of Johor River.
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4, FLOOD MITIGATION MASTER PLAN

4.1 = Concepl of Master Plan

- The Master Plan is aimed at  the formulation of the flood
mitigation prog#am-to be implemented up . to the year 2005 for the nine
majof'ri?et basins. - The flood mitigation.progfam will set out the
_recommendablé flood mitigation measures and their reguired design flood

level for the target area to be protected from floods.

_ the flood mitigation program was examined principally based on
the economic comparison between the probable_démage reduction and its
corresponding cost brought about by the flood mitigation works, The
following factors were also taken into account: (1) the pOpqlation to
be felievéd_ from floods,: and (2) the completed and on-going  flood

mitigation projects.

_The aforesaid economic comparison was done through studies on

various alternative flood mitigation measures and design flood levels.

_ As_described in. Section 2.1, each major river was divided into
se#efal_river stretches, as shown in Table 2 and in Fig. 1. The above-
stated'flood mitigation program has been examined area by area along

each river stretch.

4,2 Alternative Elocd.Mitiqation Measures

Alterhapive flood mitigation measures are selected for each river

stretch in the nine major river basins.
The selection for each river stretch was done with consideration

on the topographical condition, land use status, and existing flood

mitigation measures of each river stretch.
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(1) Johor River

The major target area for flood mitigation is Kota Tinggi and its

vicinity along River Stretch No. 1. several villages along Stretch No.

2 to No. 4 and Layan Layan Town ared along Stretch No, 7 are also

considered as secondary target areas.

The feasibility of river channel improvement has been exanined

for the whole river stretches from Kota Tinggl and 1t9 environs to

Layang Layand. Especially, River Stretch Ho. 1 was carefully examined
pbecause the stretch has the problems of high tide influence, as well as

river channel flow capacity.

Flood diversion channel is also considered for River Stretch No.
1 whe:e the riverine aréas are densely populated and difficulty is
foreseeable in the acquisition of land for the improvemeht wo;ks of the
existing river channel. The diversion channel is planned to short-cut
the river stretceh from about 1.5 km upstream from Kota Tinggi bridge to

about 2.5 km downstream where the river line is notably bending.

as for the flood contral dam, this study deals with the Sayong
Dam and Linggiu Dam, The dams are proposed to be with their catchment
areas of 6862 km? and 206 km2, and expected to mitigate the flood

discharge flowing into River Stretches No. 1, No., 2, No. 3 and No. 4,

| In addition to the above- structural measures, the natural flood
retardidg effect is expected by the jungle swamp area.. The jungle.
swamp areas appear during the flood season along the main stremmfof
Johor River and its major tributaries, such as theISemanqar, Linggiu,
Pengli and the Sayon rivers., The size of the swamp is between 5.0 km2
to 50 km2., Since there is no regional development plan for these swamp
area until 2005, it is expected that they are available as naturél

retarding basins.
(2) Skudai and Tebrau rivers

The major vlarget of flood mitigation works is located at Senal

and Kurai along River Stretch No. 2 and No. 3 of Skudai River, 'Since
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these areas are located in the middle and upper reaches, the tidal

influence is small, and the flood problem is mainly caused by the

insufficient flow capacity.

The flood mitigation measure study focussed .on the river channel
improvement. Other wmeasures such as flood control dam and flood
diversion. channel should be disregarded due to the unfavorable

topographic condition and the present land use status,

River channel improvement works have been already introduced on
the' lower stretches to some extent as mentioned before, and the
existing river channel slopes are rather steep as 1/1,000 to 1/300,

which is favorable for the further river channel improvement works.
'(3)  Benut, Pontian Besar and Pontian Kechil rivers

Major targets of flood mitigation works are several populated
towns such as - Ulua Benut, Slmpang Renggam and Pontian Kechil, The
agricultural land has been develcoped by the Western Johor Agrlcultural
Development'Project in the lower reaches of the basins, and will also

be encompassed in the objective area of flood mitigation works.

Among fhe above populated towns, the Simpang Renggam and its
vicinity are located in the upstream reach of Benut river, and already
well protected by Macap Dam and the completed river channel improvement

WOrKks.

The flood'mitigafion measures of river channel improvement and
ridal dikes ‘were also provided for the lower reach: covering the
'aqricultufal-land and the populated towns such as Ulu Benut and Pontian
Kechil. The vast jungle swamp areas extend in the middle reach, and
are expected to naturally retard Lhe floed discharge flowing down into

the lower reach,

" This study examined.whether if it is necessary to provide further
river channel improvement works @ for  the aforésaid'_completed flood
mitigation' works. The Flood control dam 1is disregarded as an

altéfhative measure since there is no suitable dam site for flood
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extent of catchment area. Other

control which has a dominant
. the topographic

alternative measures were also not considered due to

and land use condition,

{4) Pulai River

The major target areas of flood mitigation are very. limited and

concentrated on the villages of Pulai and Ulu pulai; their locations

are as shown in Fig. 3. These areas ace affected by the high tide, as

well as the insufficient flow capacity.

The alternative measures are composed of  the tidal dike

construction and the existing river dredging works along the aforesaid

target areas.,
(5) Sedili Besar and Sedili Kechil rivers

Although a few damageable viilages are located in the lower and
the middle reaches as shown in Fig., 3, most of the basins are covered
by jﬁngie forest and the damage value of the basins are relatively

small.

The above villages are affected by the high tide and the
insufficient flow capacity. Hence, the tidal dike and the existing

"river dredging works were examined as alternative measures.

4.3 Alternative Design Floods

The alternative design fleod discharges are estimated to set the

structural size of flood mitigation measures.

Among the alternative flood mitigation measures;.-tﬁe flocd
diversion channel is solely applied to the stretch No. 1 of Johor
River. A detailed examination for the diversion channel is separately
done as a model stretch study described in Chapter 5, The studf

contains the estimation of design flood discharges that will flow into



the diversion channel, as well as the design and cost estimation for

the diversion channel,

Accordingly, the estimation is herein done for other alternative
flood mitigation measures different from the flood diversion channel,

i.€., for river channel improvement and flood control dam.
(1} Design flood discharge without flood control daﬁ

The probable storm rainfall were studied by means of frequency
'anély51s. The recurrence probabilities of floods were estimated on’ the
basis of the corresponding stormy rainfall and the recurrence
probabilities thereof. The established envelap curves of probable
flood discharges which were estimated from the flood records of all
available gauging stationé in Peninsular Malaysia were appliéd to
confirm the probabilities of floods. The envelop curves are shown in
Fig. 7, and the estimated design flood discharges are as illustrated in

Figs. 8 to 11.
(2) Dpesign flood discharge with flood control dam

-Phe alternative measure of flood control dam was studied for the
fleod “in  the Johor river basin, where Sayong and Linggiu dams are

proposed,

To set the structural size relateé to the flood control dam, the

following matters were examined:

- . " The necessary storage volume of each dam to requlate the probable

inflow discharge; and

- The design discharge after regulation by the above-mentioned dams

for the'stretcheszwo, 1, 2, 3 and 4 of Johor River which are

located below the dam sites,

‘A flood runoff study was dome in Annex C (Meteorology and
_HyﬂrologY), principally based on the hourly flood data' recorded in the
1978 flood. As described in Subsection 5.2, the probable * flood
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hydrographs at . the ' dam sites and the lower river stretches are

established by the £lood runoff study.

The necessary storage volume of a flood control dam .has been

estimated, as shown in Table 23, assuming that the flood_control_dam

-year return
and 60

.wiil store the above-mentioned probable flood exceeding a 2

period'discharge which corresonds to 85 m3/5 at Sayong dam site

m3/s at Linggiu dam site.

The design discharges at the lower river stretches are estimated

"as the peak discharges of probable flood hydrographs after regulation

by dams, as shown in Fig. 1Z.

4.4 Design and Cost for Flood Mitigation Measures
4,4.1 Design for Flood Mitigation Measures
(1) River channel improvement

The proposed longitudinal.gradient for river channel imprbvement
is assumed From the existing one listed in Table 3., Based on the
assumed gradieht, typical cross sections are set corrxesponding to each
altefgative flood discharge by using the uwniform flow caleulation

method, as shown in Table 16,

The typical cross section is principally proposedﬂ-to have a
‘double cross section type in view of its favorable aspects of hydraulic
efficiency and channel stabilization, The double cross section is such
that the low water channel is formed by dredging the present river
channel to cover a Z-year return period flood, while the higﬁ wétér
channel is designed by levee to shouder a flood of mofe than 2-yéar

return period.

_ Single cross section type -is also assumed, 1if. the 1land
acquisition for the right—bf*way is difficult or the design flood

discharge is comparatively small below 200 m3/s,



The extent of river channel improvement is set from the length of

each river stretch in Table 2,
{2} ®lood control dam

_ The necessary flood contrel storage volume has been estimated, as
shown in Table 23, for the proposed Sayong and - Linggiu dams,
corresponding to various design return peridd floods, as described in

" Subsection 4.3.
4,4,2 Cost for Flood Mitigation Measures
(1) Financial cost

The construction cost was estimated based on work volume being
multiplied by unit prices. The estimated cost repregsents financial
éosts‘ at 1985 ‘price ilevel, comprising direct construction cost,
engineeting.cdst {10% of direct construction cost), compensation cost

and phyéiéal continqencies (30% of the former three), The compensation

cost is estimated for land procurément and resettlement.

As for the river channel improvement, the work volume was
estimated in accordance with the hydraulic dimensions of the aforesatd
.6951gned channeis and the existing channels. It alse includes the
reconstructlon of exlstlng bridges reguired for the improvement works.

'The number. and size of the bridges are tabulated in Table 17.

The houses and land area expropriated for improved works were

estimated based on the present land use map, as shown in Tables 18 and

19,

The anit 'costs_ for construction work and compensation were

assumed malnly by intervxew1ng the related offices and referring to the

previous reports, as shown in Table 20,

Based on_‘the"above work volume and their unit costs,; the

financial cost reguired for river channel improvement was estimated, as

shown in Tables 21 and 22.
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As for the flood control dams, the cost estimation was done based

on the study in Amnex K, which sets forth the necessary cost for the:

maximum effective storage capacity. The cost fox flood control dams was

calculated, as shown in Table 24, by the following manners:

C =V x Co/Vo

where, € : cost for flood control dam

v effective storage

o

capacity required for flood
control dam (Ref. Table 23) ;
Co: cost estimated in Annex K

‘Vo: maximum effective storage capacity estimated in

Annex K
{2) Annual average cost

The flnan01al cost 1s converted into annual cost as of 1985 by a
discount rate of 8% with the assumption that the constructlon perlod is
5 years starting from 1986, the project life was assumed to be 50
years, and O&M cost is 2% of project cost for the river channel

improvement and flood diversion channel, and 0.5% for the flood control

dam.

The results of the above estimation are compiled in.Tahle 25 ﬁdr.
the river channel improvement without floed control dam, and in Taﬁle
26 for the river channel improvement with flood contrel dam, Table 27

also reveals the annual average cost allocated for flood confrol dam.

4.5 Flood Damage Reduction

Flood damage reduction is defined as the difference of . annual

averages of flood damage with and without flood mitigation heasures.

The above annual average value was derived. from the probable

flood damages estimated in Subsection 3.4.



The flood damage reduction is expressed in terms of monetary and

population relieved, as described hereinafter.
(1) .Flood damage reduction in monetary terms

The annual averages of flood damage with and without flood
mitigation measures were estimated, as shown in Table 28, assuming the

following conditions:

- The probable flood damage as of 1985 will increase or decrease
" depending on the future change of land use status, number of

_households and per capita GRP, as described in Subsection 3,3.3.

- The above probable flood damages to be increased or decreased in
the future can be converted intc an annual average value as of
1985 using a discount rate of 8% for a period of 50  years which

is assumed to start in 1991.

Based on the aforesaid annual averages of flood damage with and
without £lood mitigation measures, the damage reduction was estimated,

as shown -in Table 29.
{2) Flood damage reduction in population terms

_ The annual averages of affected population were estimated on the
basis of the population in 1985 and 2005, as shown in Table 30. This
estimation was done based on the present probable population damage and
the average annual growth of population_descrlbed in Subsections 3.3

and 3.4.
The population damage reduction was estimated, as shown in Table

31, by the difference of -annual averages of flood damage with and

without flood mitigation measures.
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4.6 Economic Comparison of Alternatives

Economic comparison is made by net econemic benefit, that is, the

balance of annual averages of flood damage reduction and cost' brought

about by flood mitigation measures. The results of the estimation for

the net economic benefit are listed in Tables 32 and 33,

As can be seen from Tables 32 and 33, the positive net.economic

penefits are found in the areas along the stretch No. 1 of Johor River

and the stretches from No. 1 to No. 3 of Skudai River.
(1) Area along stretch No, 1 of Johor River

The area’ contains the densely populated Kota Tinggi which has a

high potential of flood damage, as described in Subsection 3.4.

The positive net economic benefit is derived from the river
channel improvement without flood control dam for the design discharge
‘of more than 10-year flood. it is, however, noted. that as for thé
deéign discharge more than 50-year flood, the river channel improvemeht
with the flood diversion channel is wore economical than the river
channel improvement, as estimated in the madel rivef.study described in.

Chapter 5,

among the above-mentioned design flood levels, the largest net

aconomic benefit comes out from the design discharge of 30-year flood.
(2) Area along stretch No. 1, No. 2 and No. 3 of Skudai River

The Senai and Kulai towns are located along the stretches No. 2
and No. 3 of Skudai River; respectively. These towns are also
recognized to be the cgmparatively high flood damage potential areaé,
similar to Kota Tinggi. The areas show the poéitive_ net econoﬁic
benefit at the design discharge ffom S-year flood to 50;year fiood, and
the largest net economic benefiﬁ is derived from the design discharge
of 20~year flood, - Aall these positive net econémic benefits are:

provided solely by the river channel improvement,



The -river channel improvement will_be done from downstream toward

upstream. It is, however, noted that river channel improvement for

stretch No. 1 of BSkudai. River is no longer required for the design

discharge of less than 20-~year flood, since the present flow capacity

of the stretch has already reached 20-~year flecod.

4,7 Recommended Flood Mitigation Schemes

The net economic benefit is considered as a principal factor to
recommend the flood mitigation schemes, but the following factors are

alsa taken into account, namely; the expected reduction of population

daﬁage, and the completed and on-going flood mitigation works,

Consequéntly, flood mitigation works are recommended to stretch
No. 1 of Johor River and stretches Nos. 2 to 3 of Skudai River in_the
Region with the design discharge of 30-year flood for Johoxr River and

20-year flood for Skudai River. Other river stretches cannot be given

any priority of the flood mitigation scheme to be implemented by 2005,
which can be attributed to the effectiveness. of completed flood

mitigation works or the extremely low flood damage potential.

It is estimated that the annual average flood damage will be

M$6.2. x 106/y, and the popﬁlation to be affected by a flood in 2005'
will reach about 24,000/y in the Region, while the recommended flood
mitigation scheme will reduce the said flood damage by H$3.3 x 106 and
relieve about 14,000 affected population. These damage reductions

correspond to 54% and 60% of the region total damage, respectively.

The principal features of the above-mentioned recommended flood

mitigation schemes are shown in Table 34, and the scheme for each river

bagin is elaborated hereinafter,

{1} . Johor river basin

River channel improvement of 6.7 km in length and with a design
flood level of 30-year return period is recommended, starting at about

3,5 km downstream from Kota Tinggi bridge up to the PUB intake point.
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This river channel improvement is selected to "be an object of

. preliminary design for the model river stretchs as described in Chapter
5. The proposed longitudinal profile, Cross section and alignment are

' chown in Plates 1 and 2, Figs: 21 to 23.

.The total fihancial cost For the river channel improvement is

estimated at MS$7,7 x 106 as ‘of 1985 price level, including the

construction cost of M55.2 % 106,

It is expected that annual average flood damage of mMs1,363 x 103
along the river stretch No. 1 will be reduced by M3$1,181 x 103.or 87%
by the proposed river .channel improvement, -The value of EIRR . is

estimated to be 10.7%.

It is also estimated that about 4,600 population will be affected
at the riverine area aloﬁg atretch No. 1 by a flood ‘on an annual
average in 2005, if no flood mitigation work is provided, = . Among the
aforesaid population damage, about 4,100 population or 90% will be

relieved by the proposged river channel improvement.

Flood control dam is concluded to be economically inferior to the
proposed river channel improvement which is attributable to a condition
‘that there is no notable damageable area except Kota Tinggi town area
which is located some 30 km downstream from the dam. Furthermore,
gince the natural retarding effect is well expected by Jjungle swamp
areas which appear during a rainy season, it 'is not nécessary'to build

up the further retarding effect brought by dam,
(2) Skudai river basi

The recommended scheme is the river channel improvement of 15 knm
in length from the PUB intake point to the Kulai town. area, with a
design flood of 20 years in return period. RiVer'chénnel improvement
of about 8 km in length had already been completed in 1974 for the
stretch downstream from the PUB intake point, with a design flood of.20.

years in return period.



The total. financial cost is estimated to be M$13.6 x 10° as of

1985 price level for the proposed river channei improvement, including
the construction cost of M$9.5 x 106,

Annual average flood damage of M$2,664 x 103 will bhe reduced by
M$2,158 x 108 or 81% along stretches No. 2 and No. 3 by the proposed

river channel improvement, The value of EIRR is estimated to be 11,0%.

As for the population damage, about 12,000 population will be
affected by a flood on &dn -annual average in 2005 along the river
' stretches No. 2 and No, 3, assuming no further flcod mitigation works.
HoWeVéf,_if the proposed river channel improvement is completed, about
10,200 population or 86% of the above damageable people will be
relieved from a flood on an annual average, specially in and around the

areas of Kulai and Senai,
{3) Tebrau river basin

Although the area along stretch No. 1 of Tebrau river coveis a
relétively populéted part of Johor Bahru City, the area is already well
protected by river channel improvement works applied to the stretch
downstream from the PUB intake weir with a design flood of 10 years in

return period,

Assuming that no further flood mitigation measure is applied, the

annual average of flood damage will be M$414 x 103 and 1,700 population
will be affected in 2005. These damage correspond to 7% of the region
total. Since this damage value cannot economically induce the flood

mitigation'measﬁre; no further flood mitigation measure is recommended,
(4) Benut, Pontian Besar and Pontian Kechil river basins

Since’ the basins are preséntly protected by the completed river
channel imprbveméht-with design_discharge of 5 ko 10 years flood, tidal

dike and Macap dam, further flood mitigation measures are judged to be

not eqonomicaily feasible.,



Assuming that no further flood mitigation measure is made, the
nlation

annual average of flood damage will be M3475 % 103 and 770 pop
£ the

as of 2005 1n total for the three basins which are B% and 3% o

region total, respectively.

(5) Pulai, Sedili Besar and Sedili Kechil river basin

_ Although no flood mitigation measure has been provided to the
pasins, the damage potential is extremely small and no flood mitigation-

measure is recommended for the peried until 2005.

The annual average of flood damage in 2005 will be M$74 x 103 and
170 population in total, which are 1% of the region total even with the

assumption that no flood mitigation measure is involved.



5. ' PRELIMINARY DESIGN FOR MODEL RIVER STRETCH

5.1 ' The Model River Stretch

The high priority of flood mitigation neasure is fecommended for
the flood-prone areas along the stretch No., 1 of Johor River and the

stretches No. 2 and No. 3 of Skudai rlver, as mentloned in the flood
mltlgatlon master plan in Chapter 4.,

0of two ri?ers, Skudai River is. belng prov1ded with a detalled
desige for 1ts rlver channel improvement by DID, and the flood
'mitigation for the river is expected Lo be realized, On the other -
hand; no measure has been prepared to mltlgate the flood damaqe in

Johor river ba31n.

Hence, the stretch No, 1 of Johor River is selected as the model
river stretch subject to the preliminary design. Fig. 13 shows the
general map'around the model river stretch, The major target for the

flood mitigatidn is the Kota Tinggi'town area.

 Prior to the p:eliminary design, the Government of Malaysia
coﬁdﬁétedlehe'longiﬁudinal and cross sectional survey for the model
- river stretch in November 1984. The extent of the survey is included

in the general map in Fig. 13.

5.2 Hydroiogicai and Hydraulic Analysis of Floods
(1) Probable fleod discharges on the model river stretch

Hourly flood dlscharge and ralnfall data could be collected from
the fecord of the 1978 flood - observed at Jam Johor Tenggara and Sek
Men Bek;t Besar. These two gauging stations are located near the
broposed Sayong'dam site. The one-day rainfall data are also available

.for the recent 22 years "at 8 gauglng stations located in the upper

basin of Sayong dam site or near the basin.
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Ih Annex C (Meteorology and Hydrology}, the probable one-day
rainfall volume and its flood runoff mechanism are ‘analyzed based on

the aforesaid Flood records, Conseguently the nrobable hydrographs of
flood discharge are eétablishea at the proposed Sayong dam gitej the

detailed wethodology is referred to in Annex C.

The probable floed hydrographs are further estimated by the same

methodoiogy described in Ammex C for the model river stretch. The

estimated probable flood hydrographs are’ as shown ip Fig. 14 and the

peak discharges of these hydrographs are listed in Table 35.

_ As described in Subsection 4.3, the probable peak_discharges.wetg
also estimated from envelop curves (Ref. ¥ig. 7). Compared with the
peak discharges estimated from envelop curves, lower estimation results
are given by the peak discharges deriﬁed from the aforesaid flpqd

- runoff analysis, as shown in Table 35,

The estimation from envelop curves give conservative values
appllcable te a regional master plan basis, while the estimation from
the flood runoff analysis has a more ‘definite value 11m1tedly
appiicable to the model river stretch. In view of this, the
preliminary design for the model river stretch will be done based on

" the probable flood discharges derived from the flood runoff analysis.
(2) Tidal efféct to floods

| The aéailabié data of tidal stage were collected from the gauging
station of -Sembawang Shipyéfd which is located at the méuth of Johor
River, 1028'N and 103050*'E. ‘The tidal sfage at the gauwging station
shows almost a regular diurnal pattern, - The mean high water spring
tide (MHWS} is bbsérved to be 1,37 m above the mean sea levél (MSL)  at
the gauging station, while the riverbed elevation ranges from =5.,0 to -
3.0 m above MSL at the model river stretch, Accordinglf,. it is
estimated that the water stage of the model river stretch is easily
atfected by the tldal level,

The water surface profile of the model river. stretch was

calculated, as shown in Fig, 15,_for various river discharges under the
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condition, of MHWS, This calculation is done by non-uniform flow
calculation method using the results of the river channel survey. As
shown in Fig, 15, 1if the riﬁer discharge comes out at 500 m3/s assuming
the condition. of MHWS, the water stage exceeds the existing bank

elevation at respective part of the model river stretch.

(3} Present channel flow capacity

Fig. 16 shows the'present channel flow capacity of the model

river stretch, The flow capacity was estimated hy the comparison

betweens

- the existing bank elevations which were surveyed during this

study period,

- the water surface profiles for various river dischargées assuming

MHWS as mentioned ahove.

" As shown in Fig, 16, the present channel flow capacity will be.
appfoximately 450 m3/s to 500 m3/s at the stretch above Kota Tinggi
‘bridge; its riverine area is developed es the populated urban center.
However, the flow capacity drops to less than 200 m3/s in the vicinity
of the populated area, where only the agricultural and swamp area are

observed,

Thus, the present channel flow capacities are divided roughly
into two groups; one with 450 m3/s to 500 m3/s along the populated town
center, and the other w1th 200 m3/s along agrlcultural and swamnp areas.
s compared with the probable flood discharges estimated in Table 35,
the channel flow capa01ty of 450 m3/s to 500 m3/s will cover around a

5-year flood, while the flow capacity of 200 m3/s is less than 2-year
flood,

As estimated by the Flood Damage Study in Chapter 3, the

populated town center experienced its slight river overflow damage in

the 1983 flood which is estimated to have a return perlod of 4.6-year,
while the agricultural damage was lnfllcted by the 1978 flood which

corresponds to only 2.6-year flood. (Ref, Tables 10 and 13.) This
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o timati £
past flood damage condition could coincide with the above estimation o

channél flow capacity.

The channel flow capacities were also examined for the major

tributaries. The existing bank elevation of Permandi River is less

than 2,0 m above MSL even at 1.0 km upstream from the main channel, as

shown in Fig. 17, 'This bank elevation is generally Jlower than the

water étagé at the main channel in case of MHWS. Accordlngly,_the

channel flow capacity of Permandi River is estimated to be almost nil

during the time of hlgh spring tide. On the other hand, the existing
bank of Tembeyoh has relatively high bank elevations of 2. 5 mto 3.3 m
above MSL, as shown in Fig. 18, The £flow capacity of Tembeyoh-;s
estimated to be 10 m3/s to 50 m3/s even at the time of high  spring

tide.

5.3 Comparaﬁive study for Flood Mitigation Measure

‘Following the course of the master plan, a comparative study is
further done to examine various alternative manners of river channel
improvement, including flood diversion channel, and clarify the optimum

MEasure,
(1} River channel improvement

A comparative study was made for the following alternatives of

river channel improvement.

- Alternative A: Construct levee only without dredging the existing

river channel,

- Alternative B: Construct levee and dredge the existing.=rivef
channel; the proposed riverbed profile is set at

‘the eXisting riverhed level,

- Alternative C: Construct levee and d&redge the 'existiné river
channel;  the proposed riverbed profile is set at

1.0 m below the existing riverbed level.
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‘Alternative D: Construct levee and dredge the existing river
channel; the. proposed riverbed profile is set at

2.0 m below the existing. riverbhed level,

The prellmlnary deSLgn for the above alternatives is 5ubJect to

the follow1ng premises:

- The design is done based on the longitudinal and cross séctional

survey conducted during the study term.

- The proposed river channel slope is determined in the manner of
preserving the existing slope of 1:4,000, since neither seérious
erosion nor sedimentation is observed in the model rivexr stretch

and the existing riverbed slope is judged to be stable.

- - The cross section of the improved channel is proposed to be
szngle cross sectlon type due to the limited space for land
acqu1§1t10n. The maximum w1dth for the 1mprovement work space is

assumed to be 120 m.

Based on the above premises, the costs required for each
alternative were estimated for various design discharges, as shown in

Table 36.

As shown. in Table 36, the most economical measure for river
channel 1mprovement is Alternatlve A for the design dlscharge of 300
m3/g, but changes to Alternative B for the design discharges of more
than 500 m3/s, Thus, it lS concluded that the manners of river channel
lmprovement bf deepenlng the proposed riverbed such as Alternative C

and D are not so effective, which is attrlbuted to the high tide

influence.
(2) Flood diversion channel

The effectlveness of flood dlver51on channel is also examined as
_ one of the alternatlve measures to reduce the de51gn discharge of the
maln channel. The flood dlver51on channel is conceived to short cut
the ‘model river stretch: from cross sectlonal survey point No. 11 to
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point No. 4, as illustrated in Fig. 13, The divergion charnel has a

total length of 2,600 m and a channel slope of 1:2,600, The diversion

channel needs to cut the area to be developed as a residential area for

800.m, half of which has the ground elevation of more than 15 m above

MSL.
The possible diverting discharges were estimated by non-uniform
arges and various

This

flow calculation wmethod for various design disch
depths and widths of diversion channel, as shown in Fig. 19.
estimation was done assuming the main channel is improved by the

measure of Alternative B and the tide level is the mean high water

spring tide.

The work volume and cost required for the diversion channel were

also estimated for various depth and widths of the diversion channel,

Consequently, the most econcmical size of diversion channel is
fixed for each design  discharge, and the total necessary cost was
estimated for the most economical combination of river channel
improvement of main channel and construction of diversion channel, as

shown in Table 37.
{3) Optimum £lood mitigation measure

The relation between the désign discharge and the most economical
construction cost was drawn,'as shown in Fig. 20, for the river channel

improvement without and with flood diversion channel.

As shown.in Fig, 20, the river channel improvement without the
diversion channel is recoﬁmendable for the design discharge of léss
ﬁhan 850 m3/s, while it is better to provide the diversion channel for
the design discharge of more than 850 wm3/s. The design discharge of

850 m3/s corresponds approximately to a Sﬂ-jear flood,

The construciton cost for the above recommendable measures were
further converted to the annual average Value,'and'coﬁparéd.with the
annual average of damage reduction, as shown in table 38 and 39; the

methodology for converting to the annual average value is referred to
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in Subsection 4.4, and the annual average of damage reduction is

derived from Subhsection 4,.5.

As shown in Table 39, it is concluded that the largest net
economic benefit is brought about by the river channel improvemeént by

means of Alternative B with the design flood discharge of 30-~year
flocd.

There are several.measures of river channel improvement for the
model stretch of Johor River that may possibly puff ap the aforesaid
present saline water intrusion., It is, however, es;imated that river
channel improvement by means of ‘Alternative B will not cause any
serious adverse effect to.the present saline water intrusion, since the
measure -of Alternative B sets its proposed riverbed level almost same
as the existing riverbed level and never narrows the existing river bed

width, as shown in Figs, 21 to 23.

From the above viewpoints, the optimum flocd mitigatidn measure
is recommended to be the river channel improvement by means of
Alternative B with the design discharge of 30-year flood, The

diversion channel is herein evaluated as a lower priority measure,

5.4 Preliminary Design for Optimum Flood Mitigation Measure
(1) Designing premises
This preliminary design is subject to the following premises:

(a} ‘Tn accordance with the optimum weasure selected in
Subseection 5.3; the preliminary design diséhatqé is
prepared for the river channel improvement by means of
Alternative B without diversion channel for the design
flood discharge of a 30-year return period which
corresponds to 770 m3/s.



(b) The design is done based on the results of longitudinal and

. Aamong the cross sectional survey
1 and Ne.

70 n3/s.

cross sectional surveye

points, the cross sectional survey points of No.
2 have the present_flow_capacity of more than.7
Accordingly, the river channel improvement is assumad - to

start from the cross sectional survey point of No. 3.

(2) Preliminary design for main channel

The proposed riverbed profile is determined to be set on the
average existing riverbed Ilevel with the average channel slope of
114,000, ~This manner is derived from the aforesaid measure of

Alternative B.

The proposed cross section and its HWL are set by the non-uniform
flow calculation method assuming the proposed riverbed profile and the

MHWS .

By the above setting, the proposéd alignment and the typical'
cross section are drawn in Plate 1., The proposed longitudinal profile
and the proposed'cross section For each survey point are also drawn in

Plate 2 and Pigs., 21 to 23, respectively.
(3) Preliminary design for tributaries

The major tribﬁtaries, Permandi and Tembeyoh, are designed as

shown in Fig. 24.

As for Permandi, since the existing bank elevation is 2.5 m lower

than the proposed dike elevation of the main channel, the design is

arranged as helow:

- A weir iz proposed at the confluence with the main chammel to’
check a reverse flow from the main channel to the upper stream of

Permandi.



- The height of the proposed dike is arranged to be almost the same

as the height of the ground level in the hinterland to avoid

‘interruption of inland drainage,

As for Tembeyoh, since both the ground level in the hinterland
and the existing bank levee are relatively high, the levee is proposed
to be constructed on the existing bank with the height same as  the

proposed dike level of the main channel.

5.5 Preliminary Cost Estimation

In accordance with the preliminary design described in Subsection
5.4, the cost estimation waé done as shown in Table 40, where the work
items, theif work values and cost réquired for the river -channel
improvement are listed., The unit prices are set up as the value
estimated in the aforesaid regional master plan. ‘The estimated cost
represents financial «c¢ost with time basis of 1986 comprising

construction and compensation costs,

The construction cost Covers”direct cost, engineéring cost (10%
of diréct cost), compensation cost and physical contingencies {30% of
the former three), The compensation cost is composed of those for
:resettlement of house and procurement of agrlcultural 1and The

compensatlon objects were counted based on the data such as the present

land use map prepared by MOA ‘and the map of urbanizing structural plan

for Kota Tinggi prepared by the State Government.

The total cost amounts to M$7.7 x 109 out of which MS$5.2 x 10° is

appropriated for construction cost,

3.6 Préliminary Construciton Schedule

The construciton work of the project is scheduled for 5 vyears,

'1nclud1ng 1 year for preparation and detalled engineering works.



The river impfovement work consists of excavabtion, embankment,

and reconatructlon of Kota Tinggi bridge, etc. These works are assumed
to be executed from downstream toward upstream and from main channel_

toward tributaries,

Of the above-mentioned works, the. earthwork composed ' of
excavation and embankment can be said to have the gréatest work ‘volume.,
The cfitical path of the schedule is determined by the progress of
'eafthwofk, and other works are scheduled in accordance .with  the
.earfhwork schedﬁle. Following this concebt, the constrﬁction schedule
was prepare&, as shown in Fig. 25, where the average annual work period
is assumed to be in 8 moﬁths from April toHNovembérf avoiding:a rainy

season, since earthwork in a rainy season is difficult to undertake,

The maximum annual volumes of earthwork are 67,000 m3 of

excavation and 40,000 m3 of embankment. The number of heévy équiphent

required for the earthwork has been  estimated through the féllowing

formulas

N=V / {WxT)

where, N: number of heavy equipment required for éarthwork,”
Vi annual earthwork volume . : | -
W hourly work ability of heavy equiément
T ' total work hours of heavy equlpment in a year

(=7 hours/day x 8 months x 26 days = 1,456 hours)

As ‘the result of the above estimation, the required heavy

equipment have been roughly_anticipated; as shown iﬁ Table 41,
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Table 1. CATCHMENT AREA OF EACH RIVER SYSTEM IN MAJOR RIVER BASINS

River Basin

River System

Catchment Point

Catchment Area (km2)

Johor Johor “River Mouth 2,687
Johor Kotra Tinggi Town 1,580
Semangar River Mouth 143
Sayon River Mouth 662
Linggu River Mouth 391
Pengli River Mouth 149
Skudai Skudai River Mouth 297
Skudai PUB Barrage 188
Tebrau Tebrau River Mouth 258
Tebrau PUB Barrage 127
Benut Benut River Mouth 568
Macap River Mouth 81
Pontian Besar Potian Besar River Mouth 283
Ayar Hitam River Mouth 189
Pontian Kechil Potian Kechil River Mouth 92
Pulai Pulai River Mouth 292
Pulai Pulai Village 99
Sedili Besar Sedili Besar River Mouth 1,397
Kamban River Mouth 123
Mawai River Mouth 92
Dohor River Mouth 135
Sedili Kechil Sedili Kechil River Mouth 302
Total Catchment Area 6,176




Table 2. RIVER STRETCHES DIVIDED FOR FLOOD MITIGATION PLAN

River Stretch River . - : A Stretch
: Starting Point of River Strelc .
Basin No. System ar 5 : _ Length (m)
Johor 1 - Johor T, Putus (downstream of Kota Tinggl Town) 657
2 Johor PUS Intake Point 7.1
3 - Johor Confluence of Telor River 5.5
4 Johor Confluence of Semangar Rivetr 12.5
5 Johor Confluence of Linggiu River 7.1
6 Sayon Confluence of Pengli River 7.5
7 Sayon Confluence of Belicong River _ 11.8
(up to Layan Layan Town Area)
Skudai 1 Skudai 8.1 km dounstream of PUB Barrage 8.1
2 Skudai PUB Barrage 5.6
3 Skudai Senai Town ' - 9.3
4 Skudai Kulal Town (up to Sedenak Vlllage) : 10.6
Tebrau 1 Tebrau 6.2 km downstram of PUB Barrage 6.2
2 Tebrau PUB Barrage 5.0
3 "~ Tebrau Ma;u Jaya Village (up Lo Seelong Village) 6.2
Benut 1 Benut Confluence of Benut High Drain 5.0
2 Benut Coufluence of Ulu Benut Catch Drain " 9.6
3 “Benut Confluence of Hj Hashim River _ had
{up to confluence of Macap River)
Pontian i Potian Besar River mouth 7.5
Besar 2 Potian Besar Confluence of Ayar Hitam River _ 8.7
3 Potian Besar  South Malaya Pinapple Plantation 6.2
4  Potian Besar  Confluence of Ulu Pontian Besar 5.3
(up to Seri Paya Village)
Pontian 1 Pontian
Kechil . Kechil River Mouth (up to 8.1 km upper-stream) 8.1
Pulai i Pulai T. Kupan 1.9
2 Pulai Pulai Village (up to Ulu Pulai ViLlage) 2.5
Sedili i Sedili Besar  Sedili Basar Village (river. mouth) 8.7
Besar 2 Sedili Besar  Hutan Lesong Village 26.5
3 ° Sedili Besar Confluence of Mawai River 6.9
4 - Sedili Besar  Confluence of Dohor River 23.7
(up to confluence of Ambel River) '
Sedili i Sedili Kechil River Mouth ' ' 4.3
Kechil 2 Sedili Kechil Confluence of Bahar River 17.8

{up to confluence of Lukoh River)




Table 3. HYDRAULIC DIMENSTONS AND FLOW CAPACITY
OF PRESENT RIVER CHANNEL

River Stretch Hydraulic Dimensions Flow Capacily
Basin Ro. Gradient River Bed Rivar Channel Specific
River Hater Width Channel Cross Velocity Discharge Disch#rge
. Bed Surface (m) Depih {m)  Section (m/s) (m3/5)  (m3/s/kn?)
Johor 1 1:4000  1:5000. 50 4.5 Stugle 1.2 244 0.19
2 1:4000  1:5000 50 4.0 Single 1.1 239 0.16
3 1:4000  1:4000 45 3.5 Single 1.1 194 0.15
4 1:3600  1:3600 40 3.0 Siagle 1.1 4z . 0.13
5 1:2500  1:2500 25 2.8 Single 1.2 51 .14
6 1:2500 1:2500 15 2.5 Single 1.2 50 0,13
7 1:1000  1:1000 10 2.5 Single 1.6 49 0.37
Skudai - 1 1:1500  1:6000 34 3.2 Double 1.2 308 1.38
2. 1:1200  1:1200 15 2.0 Single 1.3 45 0,34
3 151000 1:1000 9 1.5 Single 1.2 21 0.36
4 1:1000 1:1000 7 2.0 Single i.3 21 0.38
Tebrau 1 1:1500  1:2000 30 2.1 . Single 1.1 123 0.86
2 £:1300 151300 12 1.5 Single 0.9 17 0,24
3 1:1000  1:1000 5 1.5 Single 1.1 13 0.34
Benut 1 1:5822  1:5822 27 5.2 Double . 1.2 262 0.6l
2 1:1409  1:1409 18 2.8 Double 1.9 182 CopLel
3 1; 1409 1:1409 12 1.7 Double 1.7 117 0.65
Pontfian 1 1120600 1:20000 37 1.8 Double © 0.7 205 0.61
Besar 2 1:206000  1:20000 37 3.8 Double 0.7 205 0.61
3 1:20000 1:20000 24 3.0 * Double 1.4 147 0.83
4 1:758 1:758 12 2.2 Single 1.5 42 0.98
Pontian 1 1:7900  1:7900 15 4.6 Double 0.9 - 99 1.38
Kechil : :
Pulai 1 1:3000  1:3000 5 2.0 Single 0.7 9 0.09
2 113000 133000 5 1.5 Single 2.6 5 0,05
Sedild 1 1:15000 1:15000 70 5.0 Single 0.5 120 0,09
Besar 2 1:15000 1:15000 45 3.0 Single 0.5 75 ¢.07
3 1:10000 1:10000 30 2.5 Single 0.6 48 0.05
4 1:15000 1:15000 22 2.0 Single 0.4 20 0.04
Sedill 1 1:15000 1:15000 20 2.0 Single 0.4 17 - 0.06
Kechll 2 1:7000  1:7000 15 1.5 Single 0.5 12 0.06
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T FLOOD AREA

Table 4 PRESENT LAND USE STATES WITHIN PAS
(AS OF 1985)
Pr babLs_ilgﬂﬁwﬁiii_!QL_ESEE_LQ:d'US? : 7 -
Fiood flaad Urban 0il Horti- gther ores' e
past Flood Stretch UDuraticn Depth Area wubber Palm tubtuce (;IJ'DI;S 5:::';‘ I:::l
Event Ko. tday) (=) tha) iha) (ha? thal R
JOHDR 1969 1 7. 2.00 138 343, 87. 145, ¢. 172. 885,
H 7. 2,00 0. 92, 0. 7h. 0. T4k, 910.
3 7. 2.00 o. 93, 0. 152, 0. 70, 715,
i 7. - 2.00 0. 64, 54, 83. 38 B9 1333,
5 . 2.00 a. 0. 0. ¢, 0. 480, &B0.
M 7 30 o Q. o, 0. 0. 767. 762,
7 7. 2.00 3. 0. 26. L33, 0. 731. By,
IR TOTAL 149, 594, 164, 71, 38. 4434, 5596,
10MDR v 1 7. 1.00 Ty, 231, 58.° 143, 0. 1¥2. 737.
2 4, 1.20 o. 7%, 0. 83, . 733 B75.
3 4. 1.20 o. 81. 0. 145, 0. 420. L.TT %
& b 1.50 a. &1, 23, 7. 22. g72. 1055.
5 3. 1.20 0. 0. 0. 0. 0. [ &0,
6 3. 1.20 0. . 0. Q. ¢. 660- 840,
7 3. 1.20 26. . 28. 18. 0. 894, 766,
L TOTAL 161 152, 107 . 436, 22, 4174, 5359
JOHOR 1983 1 i, .00 32. iB. . 151. 0. 135, LT3
2 8. 1.50 0. &3. _o. 4B. 0. TA4L. - 553,
3 . s.ae 0. 7S, 6. 140, 0. 18, 531,
3 4. 1.00 - Q. 2e. 0. 5. a. 621. 715.
5 G- 0.0 0. 0. 0. 0. 0. 0. 0.
& 0. 0.0 o. 0. 0. T, o. 0. a.
7 0 0.0 0. 0. 0. 0. 0. 0. - 0.
: TOTAL . 32. 204, 0, 418, R 1516, 2166,
JOHOR 1982 1 Q. 1.60 . EER o. 5T, : [ 118, 197.
z z. 1.20 o. 9. 0. 22, 0. 194. 227.
3 7. 1.80 o. 32. 0. 51. .o, 56. 1379.
4 7. 1.10 0. 13. 16. 51. 0. 148, 233,
5 0. a.o 0. 0. 0. 0. 0. o.- 0.
6 0. 0.0 0. c. 0. 0. 0. 0. 0.
7 a. b.0 0. 9. 0. 0. Q. [ 0.
TOTAL o 0. 81. 16, 181. o, S18. 796,
JOHQR . 1981 1 3. 1.00, 52, [ 106 176,
2 4. 1,45 16, 0. 38. 5L,
3 7. 1.40 54, D. 8. “8a.
4 7. 1.50 201,
s - 4.0 o,
& Q. 6.0 0.
7 0. 0.0 ‘o,
TOTAL 519,
JoRpaR 1978 1 3. 1.00 113.
2 3. L.20 36.
3 3. 1.50 &7.
4 3. 1.30 14% .
5 9. 6.0 0.
4 0. 0.0 o..
L7 0. 0.0 5
TOTAL 335,
SEUDAT 1978 1 2. 1.83 555,
H 2. z.13 533‘
3 2. 1.52 1086 .
romt 2. 1.22 108,
SKUbA) 1981 1 [ D.¢ 2“%
2 2. 0.91 ZM.
3 z. 0.%1 L4
It 3. 0.91 128,
o TataL 128,
SKUBAL 1979 1 T. 9.0 aug._‘
2 z. 0.91 ’ ‘-
3 2. 0.91 44
2 2. 0.6t -
TRIAL L6,
TEBRAD 1778 1 7 o %1 495
2 2. 1.52 388-
3 I, 2.44 .
.. YOTAL 665
TERRAD 1982 i 0. 0.0 1771,
: 2 1. 0.51 o.
3 1. 0.61 1e2.
TDTAL 221.
BEHUT 1969 1 3. ¢.91 3463,
2z 5. 0.91 3773
£ 3. 0.91 LL2s.
_ TETAL 3536,
BENGT 1981 1 o, 0.9 1373k,
2 6. 1.22 LB
3 3. 1.22 248,
R £ 1 4 1 § 162
PGNTIAN B. 1969 1 7- 6.51 ‘i,
2 7. 0.6 1310.
3 Q. 0.61 FX %2
4 .. 6,61 3024 .
[ 1pTAL : 1409.
PORTIAN B, 978 1 0. 0.0 B219.
2 ‘a. 0.0 0.
3 2. 1.52 0.
3 2. 1.52 3024,
e T0RAL 1378,
PUNTTAN K. 1942 1 7 o.El _4398,
AuLAL - 1967 1 1. 0,91 £357.
1. 0.91 398.
. TOTAL i o L34,
PULAT 1978 1 5. 0.1 o. o o 872
2z 1. 0.91 9. 246, 0. 318
. lOTAL o 0. 245, 0 387.
SEQILI B. i981 1 5. 1.40 0. T ‘i:{ff'—-—- J—— Y 705.
2 6. 1,40 0. 0. 0. 15. o. 2945, 2yge.
3 6. 1.09 e 3. o i - 0. 2647, 2645,
¢ 3, 1.0 0. 0. 5 o 0. 1978 1968.
e TOTAL . 0. 27. 15, a5 8. 211ve, z198.
SEDILI K.  19B% 1 0. 6.0 e 5 o . _ 9. 768, 9835,
2 5. 1,60 . . . 9. 0. e
. 0. (138 ' o
e EOQTAL . 0. a o . ©. 3194 I,
. T * — s S $194, 5194,
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. Past Floeod

Stretch

Table &

U 9 AND BE OF S l( )
DS

Ewv
ent No . —5%%9-‘1__-"_".53_@”
- an —_——
Rur ___Populati
JOHOR 1969 - at T rebulation people)
1 - ural T Humber of
2 138. 145 otat Yrban "‘;USEhold; (nos)
3 0. 70 5851 vrat Yotal
. . 3617 —
4 0. o. : 74
s 0. 152, o 1843, pasl. 1104,
a3 - 843, 48
: oy 3 o s18e. 3188 0. sal- 1785.
7 o. 9. 0. 8. 2048 0. e, 34B.
JONOA TOTAL L3 : o o 0. e 714.
1979 169, 23, 1314, . 0 90. 190
1 1y L77. ; 14, 0. 0. 0. 0.
2 o 153, f1te. 11882, 1;857. 2in” o 9.
: &3, . 2050 088 1352, 103. 336,
4 o 145. o. 1567, 8852, Frr 2262, -
. s . 7T, 9. 3812, 1569, X v 3594,
: 0. ! o 3612 1612 0. Tas fs70.
JOHDR TAL . : 0. 0. - 382. .
oR 1983 i LS ‘2:' 1187. o 0. g2 382,
32, . 597 : - o . :
2 151. L3978, 1140 1634, o. -
3 ¢. 8 1357, 3?3'13- 17586 1224. 8s 0.
. 0. - 0. - 51 128. 309,
140 1196 18, 2180
¥ 9- 75, 0. 1eBT. 1196. 235. e 3318,
6 0- 0 0. 1846. 3481, 2 228, 68
o 7 g- a. 0. - 1868. g- 638 :gé-
- 10TAL o . 0. o . ) 8.
joWom 1wz 1 32, e o o 0. 32 352.
» 0. 5?' 1357, 10 o. o. 0: 0.
3 Q- 22. 0. T 11670. b 0. 2.
H 0. - o - 142 236, 1 0.
< 0 1. o sao v 746 2202
) 31, - 8. ) {1 -
. o, o 0. i;;g': 12790. g- 103. 268.
o deran - . 0. . .
JoWoR idi L o s 8- o ol 2o, 240.
: [ * N Q. - 0
2 . 52, 2. 4509 ©- - .
3 0. 16, 9. 1395, L3509, g' 'R 0.
; 0. 15 0. : 1295, 8- 851, 1
M a. i3 o. taes 399, i T B51.
& [ o, Q. 10?1- 1245. 0. 7S. 24t
. : o . .
JOROR 1978 Ml' 0. 16?. o, 0. 9. 205)' 202.
Q. * o 0. N a.
3 . 0. 0.
: o S 3 o o
0. : - 0 - -
4 43, - 757,
5 °- s8. 0. o 155, I
s 0. . o 9. 1. 19.
101 7 0. 9. 8' 0. 202 202,
A . . - .
SRKUDAL 1978 4 0. 118, 0. o Y 1.
LTS = 0 0. N a.
2 32, 2 - o.
. 0.
. 3 108 loz. Jo0s 0. o. o
s - TO!A: 35: 1ns. '121‘.00- 871. 553. 555:
KUDAT 1981 : 562, a. 1409 STL. o1z, ari.
< 215. 22626 2033, g 1185
2 - ° 526, 678. -
3 54 . - o 231. Pt 2711,
_ e 224, 63. 2577 370%. 1290, 231.
! 26 - 0. &
sK TOTAL i3, o F018. 0. 5 99%.
UBAT 1979 301, . 523 ‘ez, 378, 0.
: o _89. ___1211B. 1478. Tee sa0.
2 3. 0. T 86, o 1634,
: 113, 33- 1734%. 1987 - B8
- 2. - 434 0. S 52%.
TEDRAU 1978 TOFAL 158 0. 3?' 284 1o’ 0.
5 0. 0. 10556:"“”“‘“""’5‘?' 2868 13. o, BLZ.
. 101 0. “8. 0 16940, D45, 29¢, 13.
TEDRAY 1982 AL‘ 195 4.0' by 1469. 1069, 2145. F 1337,
: 8. - . 0 . 2145
0. 1094 a. . N
2 . o 2- 1465, 12408 il 288 265.
. : . . 145 . 0
1014 0. 0. - 288. -
BERUT 1969 & 0. g. o g‘ o eugh
. . R . .
13‘. a ;e. g' 0. ‘e ea.
) 5. ' [\ : o
TOTA 118. 0. . . .
BEWUT 1981 = 118, 108 4751, o 161, -y 48
D2 g' 0. "?53' 779. Yer 193.
Fai ro1ar o. rel 0. 178 704. 1nes
e oooom e i NS
. 0. = . .
2 : 219, 0. °. 116 116.
3 o 109, o 0. 6 273
- “ . 0. - [ : a0,
PO 107 Q. 0. . B37. 2.
TR | o m @ o wn
) 2 g' a. g' 0. 590' ol
5. - ¢, - 0 2 599
M °. 0 0. 0. 1817, _15_1_7_;;
PONTIAN K 1DIAL o. 153, o, o 0. - :
AL 1969 1 0. 151 0. > 0. o
1969 t 2. 76. 8. 2999. Zaen 0. 0. 0.
2 . 5. 0. 1450. LAY o 536, 534
FTN ___. ToTAL 9. 7 e 1£90. o 535, . 336,
Al 1976 1 0. 13 0. [TH o 354 . 6.
. z 0. —= g o 137. o i6. 2‘;:_
3 : 101 0. . o. 235, : 2s. .
EBILT B. 1981 "'; a. 3 . N g- ea. Eg
2 S 0. g e o, n 1T
: o. 1g. 0. 0. ¢ 2’;' 1%,
: N : 7. : : ¢ - 25
T : 9. 0. 448 - 0. x
SEBILY K. 1981 0“'; 0. 22.; o, 174, g. s Sg_
2 o 0. 9. iy o 33. 33,
TOTAL 0. a. . . ' G °
. o 0. 0. 5 117, :
- 0. 0. e o 187,
P o o. a
. ol .
0.




Table 6, UNIT VALUE AND FLOOD DAMAGE FACTOR FOR MORTALITY
or’ ACRICULTURAL CROPS -

o o _ Flood Duration <l4 Days _Flood Duration >14 Days
Age e s
C it of ) 2 ' €3) Deatt ) Loss Fioi Death
rop emn Crop Value K111 Los?(f;o?z)?ata oKL E(l)x(h)]
e X ey
(Year) Ifﬂgiiigd Fgctqr : (M8 /ha) Factor {48/ ha)
: . 2.371 0.95 oo2,252 1,00 2,371,
rubber 2 3,435 0.85 2,920 0.95 3,263
3 a, 111 0.40 1,884 0.60 2,827
4 6,235 0.30 1,871 0.50 3,118
5 : 7,167 0.20 1,593 0.20 . 1,553
[ 10,055 0,10 1,006 0,20 2,011
7 10,825 0.10 1,082 0.20 2,165
8 11,206 0,05 560 0.10 1,120
9 . 11,484 0.05 574 0,10 1,148
10 11,488 0.05 574 0.10 1,149
11 11,492 0 : 0 0.05 575
12-25 - 0 0 0 9
Average® = 571 . Av'erage* = ' B52
011 Palm 1 3,514 0.95 3,338 1.00 3,514
i 2 5,706 0.65 3,710 0.85 4,850
3 9,220 0.30 2,766 0.50 5,532
4 12,075 0.20 2,415 0.30 3,623
5 14,241 0,20 2,848 0,30 4,272
6 15,226 0.10 1,523 0.20 3,045
7 16,510 0,05 826 0.20 3,302
8 16,958 0.05 - 848 0.20 3,392
9 17,543 0,05 877 0.10 1,754
10 17,351 0 0 0.10 1,735
11 17,100 0 0 .05 855
12-25 - -0 : 0 0 0
Average® = 766 average® = 1,435
Mixed Horticulture 1 2,300 1.00 - 2,300 - 1,00 2,300
2 4,222 0.95 4,01} 1.00 4,222
3 6,703 0,60 4,022 0.90 6,033
4 9,635 0.50 4,818 . - 0.80 7,708
5 12,666 0,30 3,800 0.50 6,333
6 15,897 0,20 3,179 0.40 6,359
7 18,697 0.20 3,739 0,30 5,609
8 19,464 0.10 1,846 0,20 : - 73,893
9 20,598 0.05 - 1,030 0.10 2,060
10 22,184 0.05 1,109 .10 2,218
11-20 - 0 0 0 -0
Average™ = 1,498 Average™ = 2,337
Other Crops 1 2,457 1.00 2,457 1.00 : 2,457
(Represented by 2 3,062 0.75 2,297 0.95 2 909
Coconut Palm) 3 4,014 . 0,60 1,606 0.60 2,408
4 4 43) 0.20 886 0.40 . : 1,772
5 4,835 0,05 242 0,20 967
b - 5,012 0 : 0 0.10 501
8 - 5,128 0 Q 0.05 956
9 5,075 0 0 0.05 254
LG 4,780 0 0 0.05 219 ;
Average* = 300 Average* = - 4Bl

Mote; *: The average value of flood damage is the sum of Che Lotal logs per hectare at each year of
age divided by the total number of years conaidLred. It assumes an even distribution of
crops of all ages in the flood area. o :

Source : Western Johor Integrated Agricultural Development Pruject, Pﬁase 11,
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Table 7. UNIT VALUE AND FLOOD DAMAGE FACTOR FOR PRODUCTION LOSS
OF AGRICULTURAL CROPS

Flood Puravion <4 Days Flood Duration >14 DPays
, Age BECO R (2} (3 Ty _ {5)
Crop Item of Unit Loss of Production Loss of Production

: Crop Value F}OOd ) Value Flood Value

(Year)  (M§/ha) pamage [(1)x(2)) Damage E(1)x(4)]

- actor (M8 /ha) Eactot (M$/ha)
Rubber ) 1--6 : 0 - ' 0 e ' 0
7 1,952 0.045 88 0.08 156
8 2,370 0.0475 - 113 0.09 . 213
g 2,509 0.0475 119 0,09 226
10 . 2,788 0.0475 132 0.09 251
11 2,788 0,05 139 0.095 265
12-14 2,788 0.05 ' 139 0,10 279
15-19 3,067 0.45 153 0.10 307
20-25 3,346 0.05 168 - 0.10 i 335
Average® = 111 _Average* = 220
0il Palm ] 1-3 o 0 - ¢ ) - 0
4 1,035 0,08 83 0.21 ' 217

5 2,295 - 0.04 92 0.14 321.
6 3,860 0.045 174 0,08 309
7. 3,860 0.0475 183 0.08 309
8 4,896 0.0475 233 0.08 392
9 4,896 0.0475 233 0,09 h4]
10 5,590 . 0.05 280 0.09 503
il 5,590 0.05 ’ 280 . 0,095 531
12-14 5,590 0.05 280 0.1 . 559
15-19 5,160 70,05 258 0.1 516
20-25 4,730 0.05 237 0.1 473
Average* = 203 Average® = 405
Mixed Horticulture 1-2 0 L= 0 - 0
3 488 0.16 78 . 0.09 a4

4 943 0.15 142 0,16 151
5 1,945 D14 o272 0.25 - 487
6 2,698 0.08 215 0.24 ' 647
7 4,063 0.04 162 0.21 853
8 6,357 S0 0 0.16 i 1,017
.9 6,357 o 0. 0.09 572
10 6,443 0 0 0.045 290
11-20 8,020-8,397 @ 0 4] _ 0
Average* = 43 Average* = 203
Other Crops 1-5 0 - ) 0 - 0
(Represented. by 6 346 0,05 17 0.18 62
Coconut Palm) 7 346 0,05 - ‘ 17 0.095 33
8 691 0.05 15 0.093 66

.9 691 - 0.05 35 0.095 66 -
16 1,100 0.05 55 0.10 110
11-25 1,100 0,05 55 0.10 110
Average* = 39 Auerage* = 79

Note; #; The.ﬁyerage value of flood damage 1s the sum of the total loss per hectare at each year of
age divided by the total nunber of years considered. It assumes ao even distribution of
crops of all ages in the flood area. '

Source : Western Integrated Agricultural Development Preject, Phase TIL.
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Table 8. - UNIT VALUE OF NON-AGRICULTURAL ASSETS

Ttem of Asset Unit Value
1. Private House in Urban Area M59,500/house
2. Private House in Rural Area M$3,700/house
M$200/person»

3. Public House/Building

Property'Market Repdrt, 1983,:and National Water Resources’

Soufcé:
Study, Malaysia, Sectoral Reporc Vol. 5.

Table:9. FLOOD DAMAGE FACTORS OF NON-AGRICULTURAL ASSETS

Flood Depth {(m) <0.25 0.25-0.50 0,50-1.00 1.00-2.00 2,00-3,00

23.00

Damage Factor (%) 3 5 7 11 Y

22

Source: National Water Resources Study,'Malaysia,-Sectoral Report Vol. 5.



Table 10  PRESENT FLOOD DAMAGE VALUE

(ASSUMED YEAR OF ASSETS: 1985)
(unit: i3y
=i’u:‘lm::uod s::‘;:ch ut?t;:;’s . Public oil Korui- Other Indirect total
. K _qg____?_t_l‘lﬁl_ilii_“iiilliiir_"_; Palm cultese Craps bamage Pamagk
JOHOR 1969 1 2159, SLB . 233, 8¢, TR Q. 1064 . 4351,
- 2 245 73 63, 0, 114. Q. 148, . 843,
3 503. 154, 83, 0. 235, 0. 285, 1234,
4 274, B2, . 128, 13, 176, Te9.
5 0. b. o, a. 0. 0.
& 0. 0. 0. 0, Q. 0.
: i !utéi 3;§2' 1;33' 15, 0. 195, mes.
JURESL AU | ) 7.1 'ENS——. T -1 WR— ) O 735, 13, 810, 7855,
1oHOR 197% 1 1e0L, 121, a1 2976,
4 153. té. 97, 0. 105 L5,
3 352. 105. 223, 0. 221, 954 .
4 187. 56. 119, . 130. 562.
5 G. 0. 0. 0. 0. a.
) o, 0. 0. 0. 0. [
L7 293, 88, 28 . 0. 130, 565,
e _TOYAL 2388, al-W Tid, 7. 1272, 5513,
JOHDR 1v43 1 452, 196. 233, 0. 334, 164k
2 116, 35, 74 0. Ao LYA
3 33¢. 102, S216. 0. 212, P19,
L 182. 55 114, Q. 110, L7T.
5 o. o. o. o, o, 0.
) 0. 0. o. o, 0. 0.
o7 Lol 0. o. 0. o, 0.
TOTAL - 1289, IBZ... .. 139, 438, 0. 738, 31BB.
JOHOR 1982 3 118, 41 15. 88. 0. 7 BS. Te7.
: 2 53, 16, 8. LT 0. 33, 1e2.
3 124 37, 22. 9. 9. 78.
4 12¢. 37. 12, 79. 0. 80.
5 o, 0. 0. 0. 0. 0.
4 0. 0. 0. 0. 0. 0.
7 L. a. T oL 0. 0. R
: o IQTAL A3, a2, e 332 279, 0. 276, .
JOHOR 1981 1 K28, 18, i2. [T 0. 7.
. 2 39, i2. 'R 25 . a. 23,
3 121, 35. 0. . a. 70.
[ 104, 31. 7. [.1. 9% 9. 63,
s o. 0. a. o, 0. o.
& 0. o, 0. o. 0. 0.
7 Lo 0. 0. 0. 0. . oL
- IOTAL 129, 3117, __ 20, 248, [1] L B3F. 1008,
JOHDR 1978 1 80. 28 10. 51, o, CAR. 214,
’ z 10. 3. o. 5. 0. '™ EX
3 1904, 3. 0. [T o. (3 262.
13 92. 28 3, 59. a. S, 235,
s 2. 0. 0. 0. 0. 0. 0.
& 0. 0. 0. 0. 0. o. o,
7 S0 0. 6. 0. o. 0. 0.
' e TOTAL 285, B4, 12, 182, 0. 170. 736,
SKUDAL 1978 1 9B7. 298 130. o 0. [T 1882 .
v 2 131¢, 394, 90, 157. 10. 589 . 2554,
3 2450, 795. 350, 174, 0. 1219 5283,
4 282, 9. 150,
__ : JOTAL 5213, 1564, 719,
SKUDA]L 1981 3 0. 0. 0.
" : 2 w24, 128. 6%
3 1157. 335, 126.
N 62, 19. 78,
: IQTAL, 1806, . . .___482, 273
sKupal 197Y 1 0. Q. 0.
' 2 26%. 81, 32,
3 569. 171, 94,
4 10. 3. 3.
o TOTAL 848, 254 ., 157.
TEBRAU 1978 1 1517, {55, 5¢.
2 147, LY 177,
3 6. 0. 126.
" : TOTAL 1864, 499, 352,
TEBRAL 1982 1 0. o 0.
. 2 14, 5. 31.
. 3 0. 0. 73,
e C TCTAL 16. S. 104, i
BENUT 1989 1 69, 15. 2220. 0.
i 2 64, 9. 152. 0.
3 &8I, 20%. 530, 0.
e TOTAL 795, .23%. 2902 0.
BENYT 1981 1 o, 0. 0. 0.
= H 80, i8. 9. 0.
3 4%, L3 [N 9.
: - TOTAL 203, 61, 9. &,
PONTIAN B, 1969 1 278, [3] 564, L6,
. 2 127. 3. B89L, 0.
3 0. a. 144, 7.
4 199, 40, 124, 0.
. B 10TAL 504, 181, 1729, L B3,
PONTIAN 8, 1978 1 o. 0. 0. o,
: ’ 2 0. 0. a. o,
3 o, 0. 144, 17.
3 280, B . 113. 0.
PR : TOFAL. 280, ; BL, 257, 17,
POHTIAN K, ~ 1989 1 83, 7. 1922. 9.
PULAL 1969 1 8. 2. R 0.
. 2 5. 2. 270, a,
. : TOTAL 15, L. £70. L
PULAL 1978 1 3. 1. C 0. 0.
. 2 5. i. 167. 0.
L i TOTAL 8, 2, 167 a.
SEDILI A, 1981 1 0. 0. 16. 15,
i 2 Ly, 13, ¢. o,
3 17. 5, 2. 0.
oa 0. 0. 0. 0.
) ) 1GTAL 61 1B. 15, 15,
SEDILI K. 198%1 1 R 0. 0. 0.
2 o, 0. 0. 0.
. - FOTAL [ e, a. 8.




Table 11 FUTURE FLOOD DAMAGE VALUE
(ASSUMED YEAR OF ASBETS:  2005)

(Wnit: #3185

Horti= Owvher Indirect Tolal

sesd .
Pa;:ei:ood S‘L:}“‘ a:?rding! c"“.‘fff,_ mEl:?PS ___D_aﬂig_e___lagge
233. 0. 3124 13538,
JoHpR 1949 ; ?t;:?-' 119, 0. 205. o B%0.
3 794, 245, 0. LOR. VTRE,
. L34 156, 13, 262, 1047,
5 0. 0. 0. 0. v.
M o, 0. c. 0. 0.
¢ 1359 37 o 548, 2376,
TaTAL 10642, - PR -1 Y 15, 4522, 19592 .
Sjowom T Tiere 1 e¥es. 262, 0. 1981, B584
2 2L2. 101, 1] 141. &10
3 557. 233 [ 303, 1315,
. 294, . 124 7. VP 753
s o . a. 0. 0. 0
. o . 0 o 0. o.
7 a8y, ) 29. o 353, 1572
10TAL 8768, 78, 750. 7 2981 12833,
JOHDR 11983 1 1757. 0. 243, 0. 785. 331,
2 182, 0. 77. o. 107. £85.
Ly 537, 6. 225 0. 292 1244,
% 288. 0. 121, 0. 153, 863
3 c. 0. a. 0. 0. 0.
M o, 0. 0. 0. ¢. o
7 . Q. 0. 0. 128 o.
TOTAL 2787, 0. LYY \] 1%37. 5704,
JOHOR 1982 1 7. 0. 92. 0. 117, 508.
2 86, 0. 35, 0. 45, 197,
3 194, e. a2. 0. j07. 465,
4 194, 15. 82. 0. 109. 473,
5 0. o. Q. a. 0. a.
& 0. 0. o. 0. 0. 0.
7 o. . 0. e. 0. 0. ¢.
YO¥AL . &9S. 208. 54, 15. 291, - 0. 379, 1643,
JanoR 1981 1 200. &G . 12, o, 8 0. YN LAz,
2 61, 18. o. a. 26. - . o. iz, 137.
3 192. 6. 0. 0. 80. 0. 99. 429,
L 165. so. 7. 0. &7, 0. 87. 378.
5 a. o. 0. 0. 9. 0. 0. o
6 a. 0. 0. 0. a. 0. 0. 0.
7 0. 0. 0. 0. 0. 0. 0. 0.
TOTAL 818, 185. 9. 0. 259, a. 325 1406.
JOHDR 1978 1 127. } 38" N 0. 53,777 0. &8, 295.
2 15. 5. o 0. N 0. 8. 34
3 165, 50, 0 0. 69. 0. 85. 369,
4 18, <, 3. 0. 81. 0. 74. ° 329.
5 o. o. 0. 0. 0. . 0. 0.
& a. 0. o 0. 0. 0. 0. 0.
7 o 0. o 0. 6. 0 ¢. 0.
UV | ) { S _ 453, 436, k2 0. 190, 0. .
SKUDAL 1978 1 3559, 1068, 75. Zo. a. 0. niaég. :gig-
2 3832, 1096, 57, 0. &s. 4. 1455. £305.
3 11245, 3374, 36 9. 73. o LL21. 19157,
mrm’.’ ;z‘;;. 418, 101 8. °. “. 580. 2514,
e 1 . 5949, 257, 7. : 1
SEUDAL 1981 T 0. 0. N ‘0. u;: ’lg'f - ?g%. s ‘3‘
2 1232, 376, 38. o. 4. o sge. 2184,
3 5421, 1026, 8. L. 17 6. 1323 5819,
¢ 129, 79 . 5. o, 0. 0. 145, 830.
. ¥OTAL . 8983, 189S5, 102, ‘. 57, 0 1992, 8431,
SKUDAT 1979 1 o, 0. 0. ol 0. i 0. o N
2 816, 245 14 0. 21. o. 329. 1425,
3 2003, 401. 5 0. 16. a. 784 3405,
o 51, 15. 28 0. °. o 28. r22.
. T8TAL _2870. BEl. . 47, 0. 32, 0 1163, 4952,
TEBRAG 1978 1 5467 1840, T (T Tt L — T
2 94 28 187. 148. 31. 7 u.s‘ . u.z'
5 9. 0. 16, 3. . ‘“ is. 10.
o 10TAL 5561, 1468 . 324. 218 31 22. 23¢a. 27 .
TEBRAU 1982 1 6. [ T 0. o gt 'g.' 103 g'
: 2 10 3. 3z, 43, 5. 7. 36. 156,
3 0. 0 73, 0. “o. L 33, 00.
. I0TAL . .10, 3. 105, 43 5 " i 196.
BEHUT 1969 1 48, 160 Tdize. o o * 23, - 1 P
. F] é0. 13 is2 o 53. 362 808, 3493,
3 2326. 498 508, 0. X o & 3¢8.
roral . 99. 115, 1123, 867
S 232,130, 28835, a. 192 475 0 :
BENOT 981 1 0 [ 0. D, T 008 e 8288
z 57. 17. 2. 0. 32, o, L v
: 1iel a7 . o 32 °. 3L, 189,
B _ToTAL 191 57 9. 0. 108, X 15 32t
PONTIEN 8. 1969 1 287, 78, 614, Y ErT PR ot N PR 12 5
2 $17. e 910 b 28. [¥] 384 1462,
3 0. o. 184, 17. w;_ 382 L59, 1990,
L 187. 56. 131 0. 163, 36 a0, 215,
e TOTAL. . %8B 170, 1799 87, 195, Wiz, 170, 738.
PONTIAN B- 1978 1 ol 5. o o eI 42 1963, 4803,
2 s, 0. 0. 0. 0. 5 -2 .
3 5. 5. i, 17 o. ‘. o &
4 283, 79, 1i8. 0. 144] 30, oy 3
_ 107AL 243, 9. 2632 . 17. 144, . A az7
PONTIAM X, . 19649 1 83, s T 1935, M -fﬁ-‘ﬁ.._;éf-. 245, 1042, -
PULAL 1969 1 5. 2 o - - DI Y] T ¥k
2 8. 2. 271. o 3 27. 12. 5.
o TOQTAL, 13, k. . 2T7%. o i, °. 85. 375.
PULAE 1978 1 3. 1. . — e 27, 98, £25.
2 AL 1. o8, 0. .. 2"- 2. 9.
. 10TAL, B, 2, 148. 7 7 é1. 265,
SEDRLE 5. 1981 1 o. 0. 156. 15 o, i &l 215
2 65. 21, 0. 0. 29, o 3 biS
3 7. 8. 2 ‘O. ll' G. 36, 154,
¢ a. 0. 0. a o, o 16 3.
— e dmIAL _ve. 29. 18 15 10, o o o
SEDILT K. 1981 1 0. . o, ry =" g' 59, 252
2 5. D. N - . a. e
R oTAL o o 3' g- g. 0. 0. 0,
SN TS | U T - PR 0, 0.




Table 12,

F_UTU_RE POPULATION AND NUMBER OF HOUSEHOLDS
WITHIN PAST FLOOD AREA (AS OF 2005)

Past Fleod  Stretch flood Arza (ha) Pepulation (people} Number of Households (nos)
o Event. No. UrGan Rurat irban Rural Tgral Urban Rural Total
JOMDR 1969 1 374, 151. t5vz8. 377 19701. 3005. T12. IFLT.
¢ -] o. 7. 0. 1926. 1924. 0. 363, 383,
3 0. 159. 0. 3955. 3955. 0, 748, 4h.
4 0. 87. 0. 21560, 2140, 0. 405, 408.
5 0. 0. 0. o. o. a. 9. 0.
. & 0. 0. 0. 0. o. L) 0. (138
7 87, 24 2648, 599. LYY YN 537. 113, 850.
- T0TAL 443, L98. 18774, 12613, 31189, 3553, 2352, 885,
JGROR 1979 t 308, “ia. 13003, FTF I 17784 . 2481 8040 3z61.
2 . &6, 0. 1439, 1639 - 0. 3oy, 30%.
3 [N 151, 0. 3773. 3773, 0. 712, r12.
4 o. 50. 0. 2004. 2004 . 0. 376, 378,
5 0. 0. 0. 0. 0. 9. o, [
& o. 0. 0. 0. 0. 0. 0. a.
7 61, 19. 2572, L58. 3041, 4B5. 85. 574,
st TOT AL 368, 487, 15615, 12124, 27741, 2946, 2288, 5234,
JOHDR 1983 1 "B7. 158, 369 3¥25. 7623. 697 . L. ITEER
e 0. 50. 0. 1249 1749, 0. 236. 236,
3 0. 146. o. 3643, 3863, 0. 8B7. 887,
4 0. 8. 0. iv52. 1952. 0. 368. 368.
5 0. o. 0. 0. 0. 0. u. o.
] 0. Q. G. 0. o: 0. 0. o.
4 o, ‘W 0. o, 0. 0. 0. 0.
TOTAL B7. £32. 1494, 10773, 144667, C 89T, 2033, 2730.
JOHOR 1932 1 0. 60, 0. 1483, 14830 0. 280, 280.
2z 0. 23. 0. 572. s7a2. 0. 108, 108.
3 0. 53, 0. 1327. 1327, 0. © 250, 250.
[ 0. 53. 0. 1327, 1327, o. 230, 250,
5 LR 0. 0. a. 0. 0. 0. 0.
® 0. 0. 0. 0. 0. 0. 0. 0.
7 0. 0. o, 0. G. 0. 0, 0.
: TOTAL ' 189, 0. 4710, 4710, 0. B33% 889,
JODHOR - 1981 1 0. 54. a. 1353 1353, o, 255. 255.
. 2 o. 17. . L6, 418, 0. 79, 79.
3 0. 52, 0. 1301. 1301, 0. 245, 245,
& 0. 45, 0. 1319, 1119 0. 231, 211,
5 0. 0. 0. 0. 0. 0. 0. 0.
& 0. 0. °. 0. 0. 0. o, 0.
7 a. 0. o. 0. 0. 0. Q. [
o __TOTAL 0. 168, 0. £190. 4190. 0. 790, 790,
JOHTR 1e78 1 Q. 34, 0. 85¢. 859. G. 162, 162.
2 0. 4. 0. 104, 104 0. 20. 20.
3 0. 45 0. 1119. 1319, . 211. 211.
- [A 0. L0, 0. 989. 89, 0. 187. 187.
5 0. C. o, 0. 0. o. Q. 0.
[ 0. 0. 0. 0. 0. 0. 0. 0.
7 o. 0. 0. 0. . Q. o. ¢.
. TOTAL 0. 123, 0. 3071, 3071. 0. 579, 57%.
SXUDKL 1978 1 314, 0. 12443, 0. 12643, 2073, 0. 2073,
2 218. 63, B?57. 1308, 10045, 1436, 257. 1892,
3 973. &7, IPI73. 1Ly, L0622, s422. 284. 6706,
4 123, 0. §952. 0. 6952 812, 0. B12.
: TOTAL 1625, 920 . 4£5525. 2757, 48782 . 10742, 541, 11282,
SKYbAL  19d1 1 0. 0. a. 0. 0. [N 0. 0.
2 160, 26. 6442, -2 7250. 1956. 158. 1214,
3 L70. it. 18%22. 333, 19256, 3102. 635. 3167,
4 L6, 0. 183F. o. 1839, 308, 0. 102,
TOTAL 876, 37, 27203, 1141, 28343, 4660, a2k, 4683,
XUDAL 1979 1 0. 0. 0. 0. 0. 0. 0. 0,
" F z 108. 16, %328, 423, £751. 710. 83. 7oz.
3 275, 7. 11072. 205, 11277, 1815, L0, 1255,
3 t. o, 283. Q. 283. Y- 0. L4
TOTAL 390, 21. 15682, 528, 16311, 2571, 123. 26%4.
TEBRAYD 1978 1 6k, 0. 260248, o, 26026 HEEE a. 5103.
z o. 20. c. 816, 616. 0. 121, 121,
3 0. 0. 0. 0. 0. 0. 0. 0.
TOTAL 464 20. 26026, 618, 26662, 5103, 121 5224,
TEBRAU 1982 1 0. 0. 0. 0. 0. 0. 0. G.
2 o, 3. Q. 103. 103. o, ?0. 28.
3 0. 0. 0. [ 0. u. o. .
TOXAL 0. 3. 0. . 1p3. 103, Q. 20 20,
BENUT 1967 1 0. 26. 0. 511. 511. 0. e1. 91.
2 0. 34, 0. 669 . 667 . 0. 119, 11e,
3 307. 65, 12352. 1265. 13817, 2025. 224. 2251.
TOTAL 307. 125. 12352, 2645, 14797. 2025, 437, 2462.
BENIT 1981 1 0. o, [ 0. [ 0, 0. o.
2 K Q. G- 101, L01. 0. 72 72.
3 o. 8. 0. TR (I3 0. 167 - 169,
. TOTAL 0. 69. 0. 1350, 1350, c. 2Ly 241
FONTIAN B. 1969 1 0. 168, 0. 2908. 2¢08. 0. 519. 5519,
z 0. 68 0, 1326, 1326 . o. 237. 237,
0. 0. 0. 0. a. o. 0. 0.
2 0. 106, 0. 2080. 20RO, o. 37 371,
. TOTAL . 322, 0. 6384 . 5314 . 0. 1127, 1127,
PGHTIAN B. - 1978 1 0. - e v. o. 9. 9. o.
2 0. 0. 0. o, 0. Q. 0.
) X 0. 0. 0. 0. a. °. Q.
4 ‘0. ?5. 1841 . 1861, 0. 332. 332.
TOTAL 0. 25, 1861, 1861, 0. 332. 332.
FONTIAN K. 1969 1 0. L7 923, 925, Q. 145, 183
g EPULAI 1569 T G 1 a1 &1, 0. 1i. 1.
, . - 'S 0. 8s. 8s. 0. 15. 15.
TOTAL Q. 7. 146, 146, oD BB 25,
PULAL 1978 1 0. 2. 36, 36. 0. 7. 7.
2 0. 2. L. L9, 0. ¢. L
TOTAL a. 4. 85. a5, 0. 15. 15,
SEDILE B. 1981 1 0. o. 0. 0. Q. o -
2 9. 19, LE8., L68. 0. 88. 88,
’ 3 o. 7. 182. 182. g. 3L 3¢,
’ 0. 0. 0. o. . 0. Q.
: TDTAC 0. 26. 65Y. .. . 851, 0. 123. 123.
TEEHILI K. 1981 k Eg. o 4 o- 8- o 0.
. 5 ) . . . . . .
TOTAL o. 0. 0. 0. 0. C. 0.




_ Table 13. OCCURRENCE PROBABILITY OF PAST MAJOR FLOODS

Return.Period of Return Period ol - Adopted
River Flood Net Precipitation Max. Fleod Discharge Return
Basin Event  Precipita- Return Discharge Return - Period
tion (mm) Period (yr.) (m3/s) Period (yr.) {yr.}
Johor  Dec. '69 377 25,6 437 23.8 23.8
Nov. '79 264 6.3 337 6.7 6.7
Dec. '83 - N.R. - 312 4.6 4,6
Dec. '82 243 4.3 296 b,2 4,2
Dec. '81 228 3.6 279 3.6 3.6
Dec, '78 202 2.6 244 2.6 2.6
Skudai Dec. '78 349 33.3 N.R. - 33,5
‘ Dec. '8l 203 2,5 . N.R. - : 2.5
Nov. '79 177 : 2.0 N.R. - 2.0
Tebrau Dec. '78 349 33,3 N.R. - 33.5
Dec. '82 210 3.5 N.R. - 3.5
Benut Dec. ‘69 318 52.6 N.R. - 52.6
Dec. '81 212 5.9 N.R. - 5.9
NOV_. ’79 187 ’ 3-l NuR- - 301
Pontian Dec. '69 436 50.0 N.R. - 50.0
Begsar Dec. '78 349 33.3 N.R. - 33.3
and Dec. '82 210 3.5 N.R. - 3.5
Kechil
Pulai  Dec. '78 349 33.3 N.R. - 33.5
Dec. '82 212 3.5 N.R. - 3.5
Sedili Deec. '81 618 14.3 MN.R. - 14.3
Besar Dec. '78 470 6.7 ~ NiR. - 6.7
and Dec., '82 247 2.0 N.R. : - 2.0
Kechil ' )

NOIE: Flood discharges of the Johor River were obséfved at Rantan
Panjang (catchment area: 1,130 km?).



Table 14.

- (ASSUMED YEAR OF ASSETS:

PROBABLE FLOOD DAMAGE

1985)

Flood Damage (M$1037yz.)

L People To Be Affecred (personfyr.)
iver Seretch S-Year  1D-Year 20-Year J0-Year s0-tear . S5Yegar 10-¥ear 20-Year 30-Year SO-Year T
Basin No. Design Doesign Besign Design Degign: :nnunﬁ- Pesign Desipgn Design  Design Design Ann?al
J— Flood Flood - Flood Flood Flood VETAEE  preod - Flood . Flood Flood Flood Average
Johor ! L7853 "3,410 4,162 4,477 4,754 898 5,946 9,045 9,379 . 9.519. 9,642 2,484
2 371 514 617 660 698 155 1,279 1,656 1,806 1,868 1,924 500
-3 927 1,044 1,197 1,261 1,318 345 3,515 3,667 3,762 - 3,802 3,837 1,224
4 496 628 741 788 830 167 1,879 1,965 2,047 2,081 2,111 658
5 G 0 o 0 0 o G 0 "0 0 0 0
6 0 0 0 0 0 0 0 0 0 o o 0
7 125 653 806 870 927 136 363 1,715 1,853 1,910 1,961 324
Total 3,704 6,250 7,524 8,057 8,527 1,724 12,981 18,048 18,847 19,181 18,476 5,191
Skudal 1 0 o 0 1,795 7,041 ) 0 0 6 5,068 5,761 . 189
2 1,263 1,733 2,204 2,473 2,690 518 4,930 5,547 5,165 6,526 6,802 . 1,819
3 2,803 3,707 4,610 5,139 5,544 1,162 11,028 12,788 14,5483 15,578 16,366 5,156
4 300 439 17 658 720 134 701 959 1,217 1,368 1,484 268
Total . 4,367 5,87¢ 7,39F 10,071 10,994 1,902 16,659 19,29 21,930 28,539 30,413 6,463
Tebrau i G 0 2,207 2,720 3,114 178 0 0 8,441 10,405 11,909 679
.2 265 447 629 736 818 132 438 814 1,189 1,409 1,577 236
3 118 151 185" 204 219 48 0 0 0 .G -0 0
Toral 382 598 3,021 3,661 4,151 357 438 814 9,631 11,814 13,487 915
Banut 1 0 0 2,011 2,679 3,520 173 o 0 470 626 523 40
2 0 238 34 359 415 a1 0 753 893 975 1,078 119
3 0 0 0 1,774 2,207 56 0 0 0 5,532 6,789 172
Total 0 238 2,325 4,812 6,142 269 0 753 1,363 7,133 8,6%0 332
Pontian 1 ] 0 a 0 I,800 36 0 ] 0 G 4,684 93
Besar 2 G 0 0 0 2,057 41 0 0 0 0 2,136 42
3 I\ 123 176 207 215 22 0 0 0 0 0 0
4 0 551 788 927 877 95 0 1,716 2,455 2,888 3,352 309
Total 0 674 964 1,136 4,949 193 o 1,716 2,455 2,888 10,172 444
Pontian 1 0 0 2,368 2,785 3,311 190 0 o 1,066 1,253 1,490 85
Kechil : :
Pulal 1 4 7 10 11 54 3 19 34 48 57 98 il
2 87 153 219 258 379 47 26 45 64 75 137 14
Total 91’ 160 229 269 433 49 45 79 112 132 235 25
Sedill 1 19 33 4 48 53 g 0 0 0 0 0 0
Besar 2 51 90 119 130 145 25 20% 367 487 533 591 104
3 21 17 49 54 60 11 81 143 189 207 230 40
4 0 ] 0 ] 0 0 0 0 0 0 0
- Total 91 160 212 232 257 45 290 510 676 740 821 144
Sedtld 1 0 0 0 0 0 0 o 0 0 0 0 0
Kechil - 2 0 0 0 0 ¢ 1] 0 0 ] 0 0 0
Total 0 0 0 0 0 0 0 0 0 0 0 0
Grand Total 8,635 13,958 24,036 31,022 36,765 4,730 30,413 41,214 56,080 71,680 84,784 13,599




Table 15. PROBABLE FLOOD DAMAGE
(ASSUMED YEAR OF ASSETS: 2005)

Flood Damage (M§103/yr.) Pegple To Re Affected (person/yr.)

10-Year. 20-Year JO-Year 50-Year

River Stretch S5¥ear T0-¥ear 20-dear 30-Year 50-Year , o o g“"'ial' Pesy besign Design - Desigh Annual
Basi No. Desd Desipgn Design DPesign - Design ., Design Deslgn esLE ' ) X Ave
: n esign Deslgi esly g ! Average Flood Flood Flood Flood flood “Average

Floed Flood Flood __ Flood Flood

Johor I 4,682 10,169 12,858 13,990 14,988 2,548 9,765 . 18,048 19,370 19,922 20,409 4,592
2 hg8 699 B52 ore a7z zlo 1,336 1,730 1,886 1,952 2,009 523
3 1,276 1,450 1,685 1,783 1,869 478 3672 3,831 3,930 3,972 4,009 1,219
h 683 - B46 1,006 1,004 1,133 269 1,963 2,053 2,138 2,174 2,208 687
5 0 0 0 0 0 o 0 0 0 0 b 9
5 0 0 0 0 0 0 o - 0 0 0 0 0
7 349 1,826 2,265 2,443 2,61l 363 676 3,169 3,391 3,483 3,563 597
fotal 7,287 14,969 18,666 20,212 21,574 3,867 17,410 28,830 30,716 31,503 32,198 7,678
Skudat 1 0 0 0 5,85 6,655 1y o 0 0. 12,057 13,707 . b5t
2 3,842 4,212 $,612 6,114 6,652 1,302 7,815 8,635 9,455 ° 9,934 10,302 2,847
3 B 498 12,382 16,267 - 18,539 20,279 3,788 23,547 29,769 35,992 39,632 42,620 9,445
4 1,008 1,557 2,10b 2,427 2,673 470 2,464 3,371 4,277 4,808 5,214 1,048
Total 12,518 18,151 23,785 32,934 36,259 5,778 33,826 41,775 49,724 66,431 71,642 13,790
Tebrau 1 0 0 7,193 8,866 10,148 579 0 0 20,083 24,755 28,333 . 1,616
2 233 382 531 618 ‘685 114 184 341 498 591 . 661 99
3 118 151 185 204 713 48 0 0 0 o 0 0
Total 151 533 7,909 9,689 11,052 240 184 241 19,581 25,345 28,994 1,715
Benuk 1 a 0 1,995 2,658 3,493 172 0 "6 297 389 511 25
2 0 203 274 316 168 35 ) 468 554 605 669 74
3 o o o 3,781 4,867 122 0 0 0 10,589 13,617 342
Total 0 203 2,269 5,755 9,728 329 o 468 846 11,583 14,797 44t
Ponthan 1 o 0 0 0,662 33 0 0 0 0 2,908 57
Besar 2 0 6 0 S0 1,990 19 0 0 0 0 1,326 26
3 0 123 176 207 215 22 g 0 9 0 ) 0
4 0 473 677 796 738 82 0 1,065 1,526 1,792 2,080 192
Total 0 597 853 1,004 4,605 176 0 1,065 1,524 1,792 6,314 276
Ponttan ! 0 0 2,335 2,746 3,264 187 0 0 661 778 923 53
Kechil .
Pulal ! 3 5 8 9 50 2 12 21 30 35 61 7
2 86 152 217 755 375 u6 16 8 50 47 85 9
Total 89 157 225 764 425 49 2. - 49 70 82 146 15
Sedili ! 19 33 44 48 53 g ¢ 0o o . 0 0 0
Besar 2 72 126 168 183 206 . 3% 218 383 508 557 617 109
3 29 51 65 75 83 15 85 149 198 216 0 . A2
4 o -0 0 0 0 0 0 0 0 0 0 0
Toral 120 210 279 106 339 60 " 363 532 706 773 éss 151
Sedili ; 1] 0 0 1] 0 4] Q 0 i} |
Keehil 2 0 0 0 0 o O o 0 g ' g g
Total o o 0 0 0 a 6 6 -0 o o - 0

Grand Torl 20,365 34,821 56,322 73,909 86,247 11,185  S1,751 73,060 104,828 138,287 ,55‘333 24"119
. , X




HYDRAULIC DIMENSTONS OF DESIGNED. RIVER CHANNEL

Table 16.

Cross
20-Year Pesien Flood

Bl

(m) . .
30-Year Pesipa Flood

S¢ction

Typical

16~-Year Lesign Flood

Bl

S—Yoar Deﬁign Filcod

50-Year Design Flond

“River Stretch River

Bed
Gradient

Ha,

Basln

Hi

B2

H2

;1]

Bl

B2

H2

HI

2

[1F]

Hl

B2

Hz

Bl

B

{13 WITHOUT FLOOD, CONTROL DA

[= -l N
- Eaakw]
N e ]

(=R vl = = ]
[ R =0 =

_-——

111500
1:1200

lmprovead

(u

2.5 0
2.5 0
2.0 o©

230
20.0
16.0

%S9
sac

oS0

o 0.
o 9.
5 0.

3
3
2

20.0
© 16,8

23.¢

0.9
0.0
0.0

[
<]
0

: 1:1000
‘111000

-

Skudal

* 121500
151300
111000

e
LR

oo

1
2
k]

Tebrau

> 16.0
=3 10,8

Loproved ——> 27,4

iaproved
luproved

Gore——
RS
(e

L5822
111409
1:1469

i
2
3

bzaut

11200060 <——~
1:20000 <
112000

1:758

Pantian

ioptoved ——3> 16.6

36,6

Ioproved ——> 30.0

Isproved ——>
1.%

<

0.0

0.0

12,3

1
H
3
4

Besar

13,7

17900

0.0 0.0 5.2 3.6 3.3 5.0

6.6

0.9 15.0

6.3

12,1

leproved

[ O

3

Poattan

Kechil

Pulai

0.0

15000 70.0
1:15000 . 45.0
15000 '22.0

1210060

1
1

20,0

Sedilf

5.9
2.5

6.0

5.0 0 20.0 2.0
0.0 0.9 4.5

2.0
5.0

0.0 0,0 2.t 6.0 0.0 0.6 20.0
9.0 0.0 4.0 0.0 0.0

[

1:15000

2

15.9

24,0

0.8

4.0

15,5

7060

1:

¥echil

(2) WITH FLOOD CONTROL DAM

0.0

5.5
o
5
¢

57.0
[+
5
0

‘Bl: Riverbed width

ROTE

Ri: Channal depth of a single cross sectidn and low water chanrnzl deprh of a double cross section

H2: Highuwater channel depth

G-59

B2: Widch of highwacer channel bad



Table 17. RECONSTRUCTION OF BRIDGE REQUIRED FOR
RIVER CHANNEL IMPROVEMENT

River Stretch Number of Bridges Length of Bridge (m)

S5-year l0-year 20-year 30=-year  S0-year

Basin No. . :
Main 2nd. Rail- Design Design Design Besign Design

Road Road way Flood Flood Flood - Flood Flood

Johor T o 10 115 120 120
(100 (105 (110) (120) (120)

6 - 1 - 70 s 110 115 120

7 - 1 - 50 55 91 95 100

Skudal 1 1 - - - - - 115 120
2 - 3 1 42 60 . .85 95 100

3 1 2 - 40 55 80 90 100
4 - 1 ~ 30 45 - 50 50 90

Tebrau 1 1 1 - - - 75 85 90
2 - 2 - 55 60 70 70 80

3 ~ 2 - 45 45 60" 65 75

Benut 3 - 2 - 45 45 55 60 . 70
Pontian 1 1 - - - 110 125 135 140

Besar ’

2 - 1 - - 110 125 130 140

Poutian I 1 4 - - - 70 80 95

Besar '

Pulai 1 - ! - 55 60 65 80 85
2 - 1 - 55 60 65 80 85

Sedili 4 - 2 - 100 105 120 125 125

Besar :

NOTE: Figures in parentheses are bridge lengths required for the river channel
improvement with the flood control dams in the upper reaches.

G-60



Table 18,

RELOCATION OF HOUSES REQUIRED FOR RIVER CHANNEL TMPROVEMENT

(Unit :

house)

Number of Houses To Be Relocated

Rivér Basin Streteh No. S~year 10-year  20=year  30-year  50~year
= Design  Design Design Design Design
o Flood Flood Tlood Tlood " Flood

Johor 1 0 0 7 4 4
o () (0) (0 (2) (2)
Skudai 1 _ 0 0 0 O 10

Pebran 1 0 0 0

10

20

NOTE: Fighrés in parénthéses are number of houses to be relocated due Lo the
river channel improvement with the flood control dams in the upper

reaches.

‘Table 19. LAND ACQUISITION AREA REQUIRED FOR RIVER CHANNEL'IMPROUEMENT

.(Unit t ha)
_ _ Farming Area To Be Acqﬁired
‘River Basin Stretech No. S5-year 10~year  20-year  30-year 50-year
Degsign -~ Design Design Design Design
Flood Flood Flood Flood Flood

Johor 2. 2,9 3.6 3.6 3.6 4,1

o Q) (0) (3.6) (3.6) (3.6)
Johor 4 15.1 16.3 18.9 21.5 31,3
' (5.3)  (10.7) (13.2) (15.1) (15.5)
Skudai 2 8.6 10.5 22,9 26.9 30.9
Skudai 3 20.5 22,3 46.5 53.9 62,3
Skudai 4 13.8 14,8 23.2 30.0 60.4
Tebrau 1 0 0 1.0 7.2 10.0
Tebrau 2 10.3 13.8 18.3 19.1 23,8
Tebrau 3 10.2 12,1 21,4 22.3 28,5
Benut 1 ) 0 14.2 19.0 23.8
Benut 2 0 0 3.2 8.5 11.2
Benﬁt ‘3 0 0 0 18.3 22.5
Pontian Besar 1 0 2.6 12.3 20.6 25.1
Pontian Besar 2 0 3.0 13,4 18.6 27.3
Pontian Besar 4 0 0 0 2.7 5.8
Pontian Kechil 1 0 0 6.0 12.4 23.1
Pulai 1 2.9 3.3 4.1 5.3 5.7

' 2 3.7 4.1 5.2 6.7 7.3

Pulai

NOTE: Figures in par

improvement with the flood control dams in the upper reaches.
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