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1. INTRODUGCTION

There are more than 50 rivetr systems ‘in Sabah and Sarawak. The
rivers are used for many’ purposes- such ‘as inland navigation,
transportation of timber logs ‘and goods, irrigation, domestic water use
and hydropower generatiou. While Floods occur almost every yeayr and
damage hdman 1ife, dgricultutal crops,’ propertlos and public facilities.
It is estimated that the flood prone area is 12,600 sq.km and 216, 000
people live in the flood proue area at the year 1980 in Sabah and
‘Sarawak. Flood damage. potential will increase according to the population
growth and GRP growth. :

The obJective of tha river condltlon study is to make clear the-
constraints for the water use and related land use arising from the
innundation, sedimentation and erosion of rivers. The results will be
used for the water resourceo planning especially for flood control and
mitigation plans. .

The sectoral study~tomprises-the‘follOWlng_items:
(1) Review:and observation of present' river. condition,
(2) Review of flood records and characterlstics,
(3) Estimate of probable flood damage, and :
(4) Formulation of flood mitigation plans, alternatlve study and
;seleotion of recommended plans. -

Informatlon was collected ma1nly from the: state DID offlces and also
by visiting the field from August 1981 to July 1982.  Chapter 2 gives the
broad idea .and background of Sabah’ and Sarawak, wh1ch are essential to
grasp the project area. Chapter 3 describes the results of field
investigation on which the alternative study and analysis are bhased. In
Chapter 4, brief descriptions are given to the past flood events,.
flooding. characterlstlcs and existing flood control facilities, Studies
in Chapter 5 are the estimation of probable. damage for some 20 flooding
rlvers. Annual average damage is calculated by river basin.

Chapter 6 1 and 8 deal w1th bablc crlteria and assumptlons set out
for/plan formulation, cost estimate and benefit estimate, respectively.
These criteria were applied. uniformly to all the schemes studied; to aim
at the comparison of the schemes. on an equal basis. Chapter 9 dlocusses
the flood mitigation plans, inclu51ve of -structural and non- ‘structural
measures . Through the screening of various proposed measures; . three :
alternative development plans have been formulated ‘for each state.
Chapter 10 describes the development schedule, budgetary and ‘man-power
requirements for the implementation of the three ‘alternative. development.
plans. The. econonic evaluation of the plans is also contained 1n this
chapter., .

?resented in Chapter 11 s the reoommended development plan for each
state,. which was selected through EY compatison among the proposed three.
alternative plana. Technical review of - the recommended plan is dlscussed
in the 1atter part of: this chapter.

. Data and reports used for the study and analy51s are summarized at
the end of the text as Reference. :



Having been discusged by the goverment counterparLs personnel,
working groups and committees, the report: was adjusted based on the
comments made by the officlals by the end of August 1982, Abrupt change
is the recommended plan, which was formarly selected” from an economical
point of wview but, presented herein, is selected from a social well~being
point of view. : ' ‘ '

The study. area 1s too. Jarge to outline the flood mltigatlon plans
within a short period and insufficient, .data.. Since the study is a master
"plan- level,. it might be not necessary to conclide the plans, The .
projects which are identifiled to be 1mplemented will be refined in ‘the
- feasibility study stage which followed by this study, '



2. PROJECT AREA
2,1 Location -

The States of Sabah and Sarawak are located at most northern and
northern west patt of Borneo between latitudes 17 and 77.30" a nd
longitude 1097 30" and 119’. The area is surrounded by the South China
Sea in its front, Kalimantan Indonesia. in its back and Sulu Sea in its
northwest front. Brunel is sandwiched. by:.the two States. The land area
in S8abah and Sarawak is 73,9 thousand and 124.4 thousand sq.km,
1espectively. Fig. 1 shows the location of Sabah and Sarawak.

The Crocker range, which runs close to and parallel to the coast
divides the Sabah state. Most of the rivers in .the west coast of Sabah
flash through the coastal plains, where most of major cities locate nearv
the sea. ..On the other hand, rivers in .the east coast debouch the wide
flood plains at the middle reach of the rivers, which have the longer
stretch than those in the west. '

Seﬁeral mountain ranges divide Salawak from Indone51an territory.
Major rivers in the northern and middle parts run criss- crossing and
detouring through mountains and debouch to the wide: flood plalns.

Blessed with the geograph1cal and cllmatologlcal condltlon, the two
States receive abundant rainfall throughout. the year with less seasonal
fluctuation. - The annual rainfall is 2,570 mm in Sabah east, 2,900 mm in
Sabah west, 3,250 mm in Sarawak north and 3,870 mm in Sarawak south
respectively. Flood occurs usually in December and January.

2,2 Socio-economic Aspects

The total population in Sabah is around 1.1 million with populatlon
density of 13.6 persons/sqg.km in 1980 (refer to Sectoral Report -
Socio-Economy). Around 600 thousand people reside in the West Coast
Residency. The Districts of Kota Kinabalu and Labuan are moderately
densely populated with more than 250 persons/sq.km. In Sarawak, total
population is around 1.3 million with theé density 10.4 persons/sq.km in
1980. round 830 thousand people or two-thirds of the total popula;ion
live in the First, Second and Third Divisions. - The District of Kuching
is the most densely populated district with 124 persons/sq.km. Districts
in mountalnous area are sparsely populated with the population density
less than 10 persons/sq.km. Population and its density by district is as
shown in Tables 1 and 2. ' :

Sabah attdtned GRP of M$1 944 million in 1980 and M$1 771 in terms
of per capita GRP, while in Sarawak GRP in 1980 was MS1, 726 million and
per capita GRP was M$1 313, : i

It is. dnt1c1pated that the populatlon would be 2.08. milllon for
Sabah and 2,48 million for Sarawak in the year 2000, respectively. Per
capita GRP would reach M$4,670 in 2000 with an average growth rate of
5.0% during the period from 1980 to 2000 for Sabah and M$4,19] in 2000 of
6.0% for ‘Sarawak {(refer to Sectoral Report Socio- Economy) These values
are used as a baSlS of estlmate of potential- floed damage.

, The States are further dlvided into admlnlstratlve dlvisions and
: distrlcts, which. comprise 23 districts for Sabah and 25 for Sarawak ..



2.3 River'Basins

The States of Sabah and Sarawak were divided into a number of
"Basins" in this Study for facilitating planning,. The State of Sabah wag
divided into 26 Basins and the State of Sarawak was divided. into 21 '
Basing., The Basin number, the name of Basin, the correlation to the:
administrative division, and the catchment area of each Basin are shown

" in Tables 3 to 5. The Basins in the States of Sabah and Sarawak are
shown in Fig. 2. The administrative divisions of the States are shown in
Fig. 3. ' ' :

The Basing were delinéated and thelr areas were measured on
1/500,000 contour maps based on the following criteria;

(1) Bagin boundaries are watersheds,
{2) Each basin is a river basin or a group of river basins, and

(3) If either an international! boundary or a state boundary crosses
a river bhasin, it is a Basin boundary.

In most caées; the Basin boundary'coincidés with the administrative
boundary of Residency, Division and/or District.

§-4



3. RESULTS OF FIELD INVESTIGATION

3.1 General

The field dnvestigations on river conditions in the States of Sabah
and Sarawak were -carried out from October 5 to Qctober 23 in 1981. Prior
to the field investigation, the contour map study had been carried out,
Available reports concerning river-related development and other relevant .
data had been scrutinized. The results of the field investigation as
well as the findings from the contour maps and the land use maps will be
used for the formulation of rhe mogt optimum plan for flood mitigation
projects. S : :

In order to attain the above objective, the field lnvetlgatlons are
directed towards;

(1) carrying out the actual field survey of rivers regarding
river morphology, estuary condition, sedrments, salt
intrusion and flood problems,

(2) COIIectidn of data with regard'to cxisting river
structures, i

(3):c011ection-of'lists of projects under comstruction or
-planning, which might affect the estimation of cost and
benefit in formulating ‘the flood mitigation project, and

{4) grasping the state policy on water resources development
project by interviewing the agencies c¢oncerned.

3 2 Rlver Profllee

Figs. 4 to 7 show the profile of major rlvers.‘ As the survey'data
are not available: for most of the rivers, the figures were prepared based
on the information contained in 1:50;000 maps.. Although the accuracy is
limited, particularly riverbed levels, these Information could be used
for subsequént planning study.

As is observed on the profiles, the river gradient in the middle to
lower  reaches is:vetry flat for most of the rivers. This is one of. the
reasons for the floodings in these rivers. '

3.3 -River Conditions and'Behavionr

Wlth respect to river characterlstlcs, data: malnly on river
morphology, estuary; sediment, salt water intrusion, water utilization
condition and flood. record have been collected for the use of formulating
flood mitigation plans and water-related development in the area. The
main féeatures are described hereunder and also tabulated in Tables 6 to
46 for each rlver basin,” respectively. ' :

Bank erosions caused oy meandering action of the river exist.in. the
lower reach of almost all. the rivers in Sabah ard Sarawak. But the
problems caused by the meandering action” seemed not' so’ serious in Sarawak
with respect to direct damage to the properties nearby the rivers: except '
the Baram river at Marudi town and the Sadong river at Simunjan town. -



Simunjan town had to be.shifted away from the river as the town.was
threatened by erosion. The meandering action and bank erosion or bank
sliding are also accelerated by the tidal fluctuation, especially the
tidal bore phenomena in the Lupar, Sadong and Samarahan rivers. While,
in Sabah, houses, paddy fields and irvigation facllities along the river
are in danger or were destroyed. especially at Kota Marudu and along the
Kadamaian, Papar and Pegalan rivers. These river banks are eroded during
floods since the water contains a lot of gravel and boulders.

Sedimentation has not glven rise to any problems so .far.  This is
attributed to the fact that the. catchments are covered with thick virgin
forest. MHowever, in the northern west part of Sabah, the sediment
problems are anticipated in the future due to the deforestration and land
development as well as the inherent nature of the rivers there.

Due  to the predominant sea currents as well as the geographical
shape of the west coast, the estuary problems such as river mouth
clogging and sand bar are quite serious Im Sabah and in northern
Sardwak. The development of sand bars can be noted along the west coast
of Sabah. The river mouths around the area are moving towards south due
to the effect of tidal currents, In Miri port, river mouth dredging work
is carried out every year, Flood situation is deteriorated by this
action especially in rivers south of Kota Kinabalu. As the difference
between high tide and low tide is so large in southern part of Sarawak,
tractive forces in the receding stage of tide .are probably big enough to
sweep away the river bed deposits. Neither estuary clogging nor
silting-up phenomena were found. Therefore, no estuary dredging work for
navigation purpose has been executed,

Most rivers in Sarawak are affected by the salt water intrusion., Of
these, the Rajang river has its longest tidal reach of 200 kw from the
estuary to Kapit. No accurate information regarding salt water intrusion
is available for the east coast of Sabah. Figs. 8 shows the tidal reach
in Sarawak, The tidal reach is defined as the reach where the river
flows from downstream to upstream from time to time according to the
tidal effect., But the amount of salt varies from place to place. The’
water is taken for irrigation and domestic purpose even within the tidal
reach.

The rivers are used for many purposes such as navigation, _
transportation of timber and goods, irrigation, domestic waterv use and
hydropower generation. The transportation heavily relies on river water
in Sarawak and east of Sabah. Most of the logs are hauled through
rivers. In mosi cases in Sabah, water is pumped uwp from the rivers and
used for irrigation. There are no records to indicate at which level the
water would endanger the bottoms of ships and boats. Most: vessels wait
for the high tide to keep encugh depth from the river bed. At one -
particular period, logging operations had to be stopped because of lack
of water .in the Klnabatangan river. : :

The most serious problem concerning rivers is flood. The flood of
January,1981 is considered to be the most serious cne in Sabah. The
affected areas were Kinabatangan, Kota Marudu, Kota Belud, Papar, Tenom,
and Beaufort in Sabah. Flood damage is mainly:to agricultural products,
irrigation facilities, ‘roads and public facilities. Since houses-in
villages are mainly of stilt type, the damage to houses was more or less
mitigated. Due to poor drainage system, some areas in major towns such



as Kota Kinabalu, Sandakan and Tawau were inundated by flood watecs for a
ghort duration. . While in Sarawak, the flood of January,1963 is deemed to
be the most serious one., The affected areas included almost all the
lowlands of Sarawak, in particular the flood plains along the Sarawak
river ln the First Division and along the Baram river in the Fourth
nivision., The flood caused by heavy rainfall and high. tide lasted around
one month. Past floods will bhe analysed in Chapter 4. o

Owing to time constraint for field Inspection and limited access to
the sites, the Study could only achieve a general assessment of major
problems inherent to the rivers. .

3.4 Problems Associated with Rivers

_The main problems associated with rivers are floods and bank
eroslon. Deforestration and its logging operations would increase the
volume of flood, lUnused logs left behind after the logging operations
are swept down the rivers by floods, resulting in clogging in rivers and
decreasing the flow area.

The river training work of the Maong river by means of shoert-cut,
one of the tributaries of the Sarawak river, was reported.to accrue the
salt water intrusloa, :



4. FLOOD RECORDS AND EXISTING FACILITILES

4,1 Historical Flqu Events

"Tables 47 and 48 show the flood disasters recorded in Sabah and
Sarawak during these several decades. Of those, the {ollowing tlood
evenls are the severest kind and should be noted'

Year of
Occurrence

1967

1968

1971

1976

1979

1981

Extent of Flood

'Many‘parts of ‘Sarawak experienced the most disastrous

floods in recorded history during January and:TFebruary.
The flood caused by continuous rainfall stagnated in the
avéas for more than a week. The occurrence of king tides
influenced the flood levels in the coastal and low-lying
areas. Severely affected areas were the First and Fourth
Divisions. The total number of person affected by floods
were 35,600,  Four persons lost their lives.

Severa flood in northern and WeStern parts of Sarawak.

" Affected areas were the Districts of Limbang, Miri and

Békenu in the north and the Districts of Kuching aund Bau
in the west.

Severe flood in- the Rajang, Lupar, Sadong and Sarawak river
basins.

Floods accurred over a large area of the middle and west
parts of Sarawak., Affected areas were the Dl%trlcts of
Bekenu, Bintulu, Kuching and Bau,

Severe flood at the Districts of Kinabatangan, Labulk and
Beaufort in Sabah and at the Rajang river basin in Sarawak.
Some deaths were reported in the Kinabatangan and Labuk
river b351ns.

Severe flood were recorded in Kota Kinabalu in Sabah,

‘Baram and Miri in Sarawak. Estimated damage in Kota

Kinabalu amounted-to M$1 wmillion.

‘Most severe flood was experienced in the whole Sabah.

In- partlcular, the Districts of Klnabatangan, Beaufort
and Tenom were heavily affected‘ :

0f the above flood-events, the 1963 and' 1981 floods are: of recent
occurrence, for which records of flood behaviour and some damage have
been made available. In the subsequent study,’ these two flood events are
mainly evaluated to estlmate the probable flood damage.



4.2 TFlood Vulnerable Area

Shaded areas in Fig. 9 ropresent flood vulnerable dreas which had
peen inundated during the past maximum floods. As the flood area in the
east coast of Sabah is sparsely populated, no reliable data regarding
flood: area were made avallable in that region. But all. the low-lying
land in the downbtream reaches are. 1ike1y to be’ affected by the floods.

Az shown in ¥ig. 9, floods occurredrin:mostzbf the whole of the low
land in Sabah and Sarawak. The areal pattern of:flood occurrence is
quite’errétlc and unpredictable year by year, depending on the course of
monsoon f{lows. However, it shall be noted that severe floods often
occurred blmultaneously in terms of year at the Baram and Sarawak river
basins. .

4.3 Flood Chardcterlstlcs
Flood Lype ls generally clasqifled into the follow1ng three types;
(1) Overbank flow due to insufflclent channel capacity,

(2) Tidal effect and'back water effect which cause“floodings
in the lower reaches and in the tributaries, respectively,
and : ) .

(3) Inland floodiug duerco'poor drainage.

‘Even in"the case of flood due‘to overbank flow, the' velocity of
flood flow is in most’ cases lesg significant .to the damages because of
wide flooding area and flat gradient of the rivers. Flood water is
‘turbid in most cases. ‘Subsequent flood damage - ‘estimate will be nade
assuming these ‘flooding condition, i.é, modérate to low flow veloc1ty of
the flood water -and inundation by turbid water.

4.4 Seasonal Pattern of Flood Occurrences

Seasonal pattern of .flood occurrence was examined based on records
in the DID s flood reports. The results are shown on Fig. 10, which
implies floods occur from Décembér to January ifv most areas, 1In the
Baram and Rajang river basins, floods occurred even in the dry season.
No clear boundary was found out with regards to the month-time lag of
flood occurrence.

Paddy growing stage c01nc1d1ng with the main flood perlod is as
follows, : : :

" Area ‘Flood ‘season Paddy growing stage

Sabah Dec. to Jan. Headlng to;rlpening
Sarawak Dec. to Jan. Booting to heading



4.5 Flood Damage Records

Flood damage record is being collected by the related government
departments and agencies. However, the survey and recording are, not on
the regular basis and the data are not avallable in a form of 'statistical
records. - DID s floed report is only a comprehensive. flood record which
was made available for the Study. . It contains much. useful technical
information, but the damage records cover only partial fields due to the
dlfchulty of damage data collection by a single agency.

Limited availability of the actual records prevented the Study Team
from preparing a flood damage statistics.

4.6 Ytxisting Flood Control and Warning Facilities

(1) Flood control facilities

There have been several Eac1lit1es constructed such as in the Papar,
the Tallpok and Api-Api rivers in Sabah but most of them are rather on
ad~hoc basis. Perimeter bunds (ring poldera) were constructed around
low-l1ying farm lands to protect crops mainly in Sarawak. Farm villages
in perimeter bunds are consequently protected from floods. :

(2} Flood forecasting and warning facilities

¥lood warning facility of siren system has been installed at
Siniawan along the Sarawak river in 1976: The first flood warning level
is set up 2 feet below the ground level. Around 500 people enjoy the
benefit of the flood warning system. : :

Two Elood'forecastiﬁg and Garning'systems are tojbe installed in the

Kinabatangan and the Sadong river basins in Sabah and Sarawak,
regpectively, Both are under. tendering stage as of August 1982.
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5. ESTIMATE OF FLOOD DAMAGE

9.1 Method of Approach

“The absence of flood damage statlistical data has obliged the Study
Team to carry out an elaborative work of flood damage estimate for each
river basin. Among others, major difficulty was that no detailed
topographic maps other than 1:50,000 maps were made available for most of
the areas. TFlood maps had to be prepared based on scarce contour .
information, 15 m (50 feet) intervals, contained in the 1:50,000 maps.

The flood damage consists of direct damage such as damage to
properties and crops and indirect damage. In estimating the -damage,
proxy method had to be taken owing to the limited availability of data
and records. The number of houses and the area of each land use category
in the flood area are obtained by using the past flood maps, the contour
maps and the land use maps. The flood damage then is estimated based on
the data obtained therefrom multiplying values and damage factors which
are the Functions of flood depth and duration.

~ The flood damage obtalned is co-related to the probability of
exceedence through the flood diqcharoe, An annual average damage is
thereby postulated. :

5.2 Preparatlon of Flood Maps

The flood maps were. prepared prlnclpally by assuming the largest
flood recorded in each basin during 17 years from 1963 to 1981, as far as
the floed record is made available, in the DID‘s flood reports. The flood
events sélected for each basin are shown in Tables 47 and 48, =

The mapping was made based on the following data and ihformation;

(1) Existing flood maps prepared by DID. They were .
particularly useful for mapping at places where flood
1eve1 and ground height data are scarce,

(2)‘Information'of spot flooding places {eg. viilage%, paddy
schemes): recorded in the DID flood reports and surveyed by
the Study Team, and ' ‘ .

(3) Contour lines and spot ground he1ghts shown on the
. 1:50,000 maps.-' ‘

The areas are more or less undulated w1th1n the 50 feet contour..
Flood depth varies from place to place, which might affect’ the accuracy
of the.study. It is recommended to carry out the precise survey in the
feasibility stage. ' :

" Tables 49 to'57-summatizé-flood prone area by Basin, The total
flood prone area is 13.7 million sq.km, which is as large as 7% of the
total area of Sabah and Sarawak of 197 thousand sq.km.



5.3 Flood Area Statistilces
(1) Land use areas

By superimposing the flood map-on the latest-issued land use maps of
1970, laund area in the flood avea was measured for 11 claséified land use
categories, The results are shown by Basin in Tables 49 to %7, The
total flood area is summarized below.

i. Urban Area _ 55
2. Mining .-
3. Mixed Horticulture : 124
4. Rubber o . Th44
5, 0il Palm. _ ‘ _ : 79
6. Coconuts 176
7. Other tree crops - 181
8. Crop:land 3,382
9. Glasslaad 291
10, Forest Land 3,455
1t. Swamp and Unused Land 5,215

Total Flood Plain Area _ 13,702 sq.km

But the above figures do not always imply the arca inundated, as is
emphasized in the previous section that the areas are undulated within
the 50 feet contour. It is necessary to multiply a factor, area damage
factors, to obtdin the number of people affected by floods. The -area
damage 3ct0rs w111 be dlSCUSbed in Section.5.5.

There may have been some changes in the land use and probably be
under more intensive use since "1970 .to the present in 1980.: Flood damage
estimate in this Study may have been slightly under estimated in that
sense, since it is based on the 1970 land use date,

{2) Population in flood area

There are few data .available for the number of people affected by
the flood. Therefore, populatlon in flood areas was estimated by
meltiplying population demsity in each land use category by areas in the
flood prone area. Population in the: distvict is available from the 1980
population and Housing Census of Malaysia. Urban population and area are
obtained from SEPU in Sabah and 5PU in Sarawak. ¥For areas without data
on its town population but marked as urban in the land use maps, the town
population is assumed to be 10% of district population for Sabah and 5%
for Sarawak respectively, applying the minimum urbanization ratio
computed in both States. The urbanization ratio in Sabah and Sarawak is
given in Table 58 ‘and 59, respectively. The rural population is
equivalent to the population in distriet less the urban population.. By
superimposing the land:use map on the population map ofssarawak prepared
by Department of Land and Surveys, Sarawak, people in rural area reside
An. (1) horticultural area, (ii) rubber'oilpalm and other permanent crops
area and (iii} crop land -area. . It.is impossible to assess how many.
-péople live in each category of land use. However, judging . from the
general tendency of 1iving pattern and concentration of people near
towns, it was assumed that one half of rural population reside in the
above-mentioned category of horticulture area and one quarter of that in
each latter two categories for Sabah. For Sarawak, it is assumed that
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populaLton in borticulture area is equivalent to 30% of urban.
population. It 1s assumed that one-half of the rest of district
population after deducting ‘the said population in_hortlculture area
resides In (i) rubber area and (ii).crop land, respectively. Population
density in éach land use ecategory is shown in Tables 60 and 61.

The number of people in the flood area is obtalned by multiplying
the population density in each land use category by each land use area
measured.

Population. in flood areas was checked by counting the number of
dots, (showing -approximately 50 persons per, dot), in the flood prone
areas on the populatioa maps of Sarawak. Population in:flood area was
updated to 1980, using the population growth-rate from 1960 to 1980.‘ As
the transportation means still rely on the inlaand navigation in Sarawak
and development of area is limited within the riverine areas which are
often assaultad by floods, the popularion growth rate is assumed to be
the same as. the average rate of Sarawak. Table 62 shows the damaged
population in the flood area by two methods for the sake of comparison.

(3) Numbér of houscholds

The populatlon and Housing Census of Malaysla 1980 .is available, ‘in
which the number of households and living quarters is shown at state
levels and at district levels, respectively. Since the difference
between the number of households and that of living quarters is less than
3%, the number of living quarters, being regarded the same as .that of
households, ‘is used for the estimation of the number of ‘houscholds in the
flood areas. The number. of living quarters in Sabah and Sarawak at -the
‘district level is shown in Tables &3 and 64.  The number of persons per
household -is, therefore, obtained by dividing the population by the.
number of households in each district.

The'number of households in the flood -area was calculated by
dividing thé population in. the flood area by the number of persons per
household in that district,

(4) Wet paddy area.

Crop land in the land use category 1is composed of wet paddy area and
shifting cultivation area where hill paddy mainly is grown, The shifting
cultivation.area in the land use map. does not mean that the land is used
for cultivation. Most areas are, in fact, abandoned. Furthermore the
shifting cultivation area‘are located in high altitudes where no flood
water table resdches in general.  Therefore, by applying the percentage of
wet paddy over crop land of each district, the wet paddy area ig obtained
from crop land measured in the flood area. :The flood‘damage to the hill
paddy’ is deemed to be zero in this $tudy taking into account the _
altitudes and its value. Tables 65 and 66 show the percentage of wet
paddy area in each district.

3.4 Flood Deptha and Duration
As- 1t was: - almost imposslble to estlmate the floodlng depth on the

1:50,000 maps,. the source of informatlon available was only the records
contained in the DID flood reports,
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_ Inundation depths reporLed in the DID's reports are mostly those at
people~resided or damageurecorded areas like villages and paddy areas.
Average flood depth ‘assessed in this Study,.as 'shown in Tables 49 to 57,
therefore, represents the depths in those people-resided/flood damageable
lands, disregarding 1emote/unqsed lands (e.g. swamp land) where. the- depth
record 1s usually not available and the damage value is nil.

5.5 Flood Damage Factors

Flood damage factors in this Study consist of two factors. One is
an area damage factor which coupensates the overestimation of damageable
area belng simply measured from. the contour maps of 50 feet where the

land is undulated and some parts are relieved from flood because of
topography. The other is an ordinary damage factor which is derived from
statistical and binloglcal analysis. :

(1) 'Cr0p damagze factors

The crops are allottéd to places where climate and soil counditions
are preferable for their growth. In Sabah and Sarawak, the order of
planting from low land to high altitudes is paddy, cocodul, o1l palm and
rubber. It is generally agreed that most rubber plantations are relieved
from flnod damage because of thier altitudes. The area damage factors
" based on the field investigdtion and applied for .the Study are as shown
- in Table 67, tak1ng thls crop arrangement along alt 1tudes into account.

Ord1nary dama?o factors were determined mostly by referrlng to the
data and valdes analysed and recommended in the Phase Il study. The
adopted damage factors are shown in Tables 68 to 74 and Fig. 11,

Paddy;

~ See Table 73 for damage factors. 1In determining the factors,
plant height of local paddy varieties and the extent of damage
of crops by scasons wore duly considered .as shown in Table 74.

- Flooded paddy area was classified into two categories, i.e.
irrigated and rainfed, in proportion to the area ratid for each
basin as shown in Tables 75 and 76.

" — Area ddmage factor is: asqumed to be 1.0 since wetb paddy fleld is
in low-lyig land in most cases. ' :

Rubber;
- Mortality " ‘Considered only for young rubber trees less than
' 3 years old. “See Table 68 for mortality rates.
. No mortal1ty for mature trees. :
-~ Young trees Al trees dre of matured type in ‘the flood prone

area in Sabah and Salawak, S0 flood damage Lo
thib category is nil.
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~ Production loss

0il palm;

- Mortality

- Young trees

Coconut palms;

-~ Mortality

- Young trees

Production loss of rubber tree 1s the [loes of
rubber resin which cannot be tapped during
flood, '

P = 0,53 xpxD

where, P is the production loss of dry rubber,

and p is the production loss rate, 4.0

kg/ha/day, assuming 600 kg/ha of annual

production and 150 tapping days per annum, 0.53
is the proportlon,of matured rubber trees which

~yield rubber resin. D is the suspended days of

tapping assuming that it can not be tapped for
the period of one-half of flood duratioun.

' Only for young trees up.to 3“yeers old. See
~ Table 69 for mortality rates.

“Flood damage to oll palm is. 11m1ted within Padas

and Limbang river bdbLnS. 0il palm areas in
both river basins are full of matured type, so

" no mortality  is accounted.

Only for young trees up to 3 years old. See
Table 69 for mortallty rates.

6Z ot total planted area, assuming 2% replantlng'

‘eyele.

- Area damage factor is 0.8.

Other tree crops;

- Damage factor was determlned for cocoa trees which represent the
crops within this category.

- Mortality

- Young trees

Only for young trees up to 3 years old. See
Table 70 for . mortallty rates. -

10% of total planted ared.

- Area damage Sector is 0.5.

Mixed hortlculture

- Damaee factor of coconut palms is applled assumlng that coeonuts
.are planted around village houses.,

(2)"Livestock losses

_ Scarcity of . actual damage records has obllged the Study: Team to make
use of the damage rates based on past records in the Peninsular :
Malaysia. Adopted loss rate is expressed per houschold affected by flood



as shown in Fig.'lZ.
(3) Housing/prope;ties losses

Not all the houses in the flood areas are affected by floods becauae
of the topography. Houses in urban areas tend to locate at high places
of flood-free because of the property. Houses in rural areas or villages
arve likely to locate in low-lying area because thelr activities are more
or less related to agriculture. Houses affected by floods vary from
place to place even in the samé viver basin. - It is impossible to
estimate these from the 1:50,000 waps. There is no record of houses
affected by floods. = Bearing thig in mind, area damage factors to houses
in each land use category, as shown in Table 67, are proposed to
compromise and ‘simplify the computation based on the field
invegtigation.

Ordinary damage factors to this item vary according to flood depth
since the dmages to housing and properties are the function of flood
depth. The factors used in Japan were adopted.  But the factors are
modified taking into account that houses in villages are of stilt type
assuming the floor of the houses is 0,9 m high above the ground level.
The factors are shown in Table 72.

{(4) Public facilities and utilities

This category'includes the damage to roads, railways, irrigation
facilities, electricity and telecommunication facilities, water supply
works and other public facilities.

Information from 1:50,000 maps is not sufficient to estimate the
damages in this category on a certain detailed basis. The damage was
estimated to be 30% of building losses in both cases of public and
private housings as a whole.,

(5) Industrial facilities

This damage'was not estimated in rural areas, in consideration that
industrial facilities are in wmost cases located in urban areas.

Only for flocds affecting some large urban areas or spec1f1c
industrial areas, the estimate is made on .a lump sum basis at 10% of the
urban housing losses.Tawau -(Basia No. 207 Tawau), Kota kinabalu (Basin
No. 220 Putatan), Miri (Basin No. 231 Miri), Bintulu (Basin No. 236
Kemena), Sibu (Basin No. 241 Rajang) aud Kuching (Basin No. 246 Sarawak)
are regarded as industrial areas.

(6) Mining, grassland, forest and swamp

In view of minor or moderate damage potential in these areas, the
damage was estimated to be nil. :

(7) Indirect damage
The damage in Fhis category involves the opportunity profits
foregone brought by such economic activities as commercial transaction,

industrial production,  transportation and wages. The: losses from .
interruption of utility services and cost for rescue and relief operation
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are included in this category.

The indirect damage can be usually estimated by multiplying a factor
to direct damage. According to a survey condiucted by US Corpos of
Engineers in New England, the following vates were worked out:

Category of Damage Indirect Loss/Direct Loss
Residential /Public : 1.5
Agricultural ' 0.2
Highways 1.0

In this Study,; a conservative vate of 30%Z is adopted, in
corisidecation that the majority of damage comes from agricultural or
related activities, = Actual damage records studied in the Peninsular
Malaysia also agree to this adopted rate, which ig 32% to the direct
damage based on the average of six flood events.

5.6 Value of Crops and Buildings

The following values of 1980 prices were used in the calculation of
flood damages.

(1) Crop production values (fefer to Sectoral Report.Agriculture)

.Paddy; ‘ : . -
~ Irrigated : 'M§1,130/ha in Sabah and
' ' ' M$1,060/ha in Sarawak
- Control drainage and rainfed: M$730/ha in Sabah (Rainfed)
' . K . 'M$950/ha and M$620/ha in Sarawak
Rubber; . ' . ' '
~ Productlon loss, dry rubber : M$2.73/kg-

Oil plam;
- replanting of young trees
up to 2 years old ;. M§1,930/ha

Coconut}
- Replanting of young trees . "
up to 2 ‘years old 1 M$3,440/ha

Other crops;
~ Replanting of young cocoa
and- coconut trees- up to . .
2 years old . i M$3,540/ha

Mixed hontlculture,

- Replanting cost of Loconut in
in 757% lof ‘the area and production
loss wvalue of orchard in 25% -
of the area - ¢ M$2,900/ha

{2) Buildings/properties

Private housing,:
- urban: M$7, SOO/household



= yural: M$3,000/household

Public bulldings; M$2 million population (similar absumption to
that made in Ref.22). o

5.7 Estimate of TFlood Damage

Damage for flood events selected for each Basin as described in
Section 5.2 were then calculated based on loss quantities as explained in
5.3, damage factors as wentioned in 5.5 and crops/properties values as
described in 5.6. . The estimated damage amount is as shown in Table 49 tg
57, :

_ The estimated amount of damage represents the potential damage where
the flood assaults the area under the present development conditions in

1980.
5.8 Annual Average Flood Damage

Tn flood mitigation project, the benefit is valued by the amount of
damage accrued from flood hazard. The amount of flood damage varies
according to the flood magnitude which is expressed in the probability of
exceedence Thus, it is necegsary Lo eslbimate the annual average Flood
damage. - The annual average damage is the amount of average damage
suffered from flood per annum, or people would like to pay it annually
for the flood mitigation measure to protect the area.

(1) Damage frequenéy curve

From the results of flood frequency analysis, the probability of
exceedence of flood occurrence is correlated to these flood events and
accordingly the return period is given to the flood events (refer to
Sectoral Report Meteotrology and Hydrology). The bankful discharge which
no damage occurs could not be assessed due to insufficient tiver profile
and lack of river cross sectional data. The non-damage discharge was
selected referring to the chronological flood records as shown in Tables
47 to 48. The non-damage discharge is also correlated to the return
period .

In most cases, only these two data are available for the estimation
of flood damage frequency. The recorded flood discharge with the return
period is valued by the flood damage expressed in terms of menetary
value.  The return period of non-damage discharge has the danage
potential of zero. These two values are plotted on the semi-logarithm
sheet. ' o :

In this case a smooth logarithm curve can be applied for the
estimation of relation between the frequency and the damage. There is ro
levee along rivers so that the sudden change of the relationship does not
take place. -Two formulae would be conceived to generate the damage
frequency curve., :

[

F.D = a x In (R.P} + b _ {12
F.D Square root (a x In (R.P) + 1) (2}

i

where; F.D.: Flood Damage
R.P ¢+ Return Period
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In  :° Natural logaritham
a, bi Constant

Equation (1) is simple.and easy to handle, but in most cases the
tendency of damage frequency curve prefers liquation (2) as the increment
of damage is large within the range of a probability of exceedence at
higher percentage. The less the increment, the less the percentage of a -
ptobability of exceedence. Equation (2) gives the higher value of damage
if the design level of probability is high (low return period). . However,
as the cost also includes certain amount of uncertainties, Fquation‘(l)
is adopted for conservative damage estimates. HNevertheless, the
estimation of annual average damage derived in this way does not affect
much the result.

‘Recurrence intervals of the selected flood events and non-flooding
discharge are as shown in Tables 49 to 57. For viver basins where
hydrological records are not available or scarce, the recurrence
probability of flood events was assumed to be similar to that in the
neighbourlng basins, The damage~frequency curves are shown on Figs., 13
to 16. : :

(2) Annual average ftlood damage

Annual average damage was then.calculated on the basis of
damageﬂfrequeney relatlonship worked out above. :

An annual average damage is ‘defined as the average amount of loss by
flood and is also the area under the ‘damage frequency curve and EKPYEaSEd
as follows:

AAD = dD x:4dP

where, A.A.D: Annual aVLrage damage ‘
dD . Slice of .damage corresponds to probablllty
- _ = D(Q1l) - D(QL + 1) S
dP- Slice of probablllty of exceedence
: dP = P(1) = P(1 + 1) :

“where the probability of . exceedence is P(l) at qu

The results are presented by Basin in Tables 49 to 57 together with
the estimated number of people in the flood susceptible area.

Anneel average flood.demage.potential for Sabah and Sarawak is

estimated to be M$12 million per amnum, Approximately 216 thousand
people are subjected to flood of varying probabilities.
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6. PLANNING (CRITERIA

This chapter describes the basic criteria and methodology of plan
formulation study. The plan formulation is discussed in Chapter 9
hereinafter.

6.1 River Stretches and Design'Flood
6.1.1 River stretches

To assess the viability of flood mitigation plans area by area, the
flood area is divided into river stretches. The stretch division is made
mainly in coansideration of the distribution of flood areas, the layout of
"~ proposed flood protection schemes, the confluence of tributaries, and the
land useg and damage potential of the areas.

6.,1.2 Selection of design flood
(1) DeSign flood criteria

In plaaning the flood mitigation works, a primary requirement is to
set out a hydrological design standard, i.e. hydrologic risk level
allowed for the proposed plans. Reviewing the current local and overseas
practices including the proposed criteria in the DID's Provisional
Hydrological Procedure (Ref. 41)," the f0110w1ng basic criteria have been
assumed in this study

Deslgn-Flood.

{frequency Damage _

of interval Potential Population

in year)

100-year Large ' : Casuality in past floods

(M$20 thousand /km over) - Densely: populated
(500 people/km over)

50-year Large - : Densely populated
(M$20-thou$and [km Qver) (500 people/km over)

20-~year Moderate = - . Spar%ely populated
(M$20 thousand /km under) (500 peoplefkm under)

Remaris: 1) km-length of improved river stretch

2} Damage expressed in terms of average annual
damage. ‘ :

3) Quantitative criteria exntessed in: the table
(M$/km, people/km) are only tentative classi-
fications assumed in this study to select the
design flood ou an equal basis for all the
rivers,

Based on the above criteria, the deéign‘flood is to be selected for
each river stretch. A considératign is given so that a consistent design
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flood 15 to be ' selected over a certain number of stretches to aveid the
excessive variation of design flood stretch by stretch.

" Design flood for flow regulation by dams is selected te be 50-year
flood. Even if the protection level of the downstream area is at 20-year
flood, the flood coutrol function of the dam is designed for 50-year
flood to preserve a larger Flood control ‘capacity.in dam with a view to
coplng with the possible grade~up of the flood protection level in the
downbtream area in futuve,

(2) . Estimatp of design flood dlscharge

The design flood dlqcharge is estimated From ithe regional flood
frequency curves shown on Figs. 17 and 18 (reproduced from. Sectoral
Report Meteorology and Hydrology). The curves are-constructed as the
max. envelope curve of flood events recorded at various rivers under
varied flow~routing conditions, The largest values .read:on the envelope
curve should represent flood runoff with a legser éffect of flow routing,
and hence they could be regarded to represent flood discharge under a
confined condition.

6.2 StructuraI'Measdres

Various alternative measures and ‘their combinations are conceived
for flood mitigation works. In this study, the following measures are
mainly ‘examined: : Lo

{(a) Channel Improvement

This work is to increase the channel capacity by canalizing the
river course and by bundlng the rtver ‘banks. \

Ag to the croab*sectlonal lmprovement, c0m9051te—cross sectlon is 1n
principle proposed with a view te its favourable.aspeets of both
‘hydraulic efficiency and channel stabilization. The channel section
assumed is basically such that the present river channel is utilized as
low-water chinnel, while the high-water channel is formed by river bunds
constructed on the both banks. S

In determinlng the: sectlons, the following con51derations were:
- given: :

- There were not enough time to investigate the rivers from estuary
to the upstream fringe 'of flooded prone area. -No river .cross
section is available. . In this connection, the flow capacity of
the rivers are assumed to be the maximum dlscharge ‘of no-flood
year Iin the historical records.. The:river cross section is
obtained using the Manning formula. The ratio of width B and

'depthﬁis fixed at 15 and -the Mannings’ n at- 0.027. : The present
channel is used for .thé low-water channel. . SR

~ The width of high-water channel was selected in reference to the
" recommended width derived through experlences in Japan as shown in

: Table 77.

e The depth of high—water channel was. then determlned to pass the
design flood . discharge. - Where required, a minor adjustment was



made to balance the excavation and embankment volumes by slightly
varying the high-water channel bed level.

Single-cross section is also d&SUMLd but llmitedly for the river
gtretches described below.

- comparatlvely small rivers Wlth deqlgn flood of less than 200"
cu.m/s

- gtretches with a gradient steeper than 1/500
- yiver in urban areas densely populated.

In actual implementation, there may be in some places a difficulty
of acquiring lands sufficient for constructing a composite-section
channel. Further, in some rivers, the construction of an excavated
chaunel with low levees may be recommeanded lu order not to ekcessively
ralse the flgod flow level., These details should be examined through
further detailad survey for éach rivevr system. : .

The length of river improvement is measured on 1:50,000 maps. The
longitudinal gradient of river flow is assumed by referring to the stage
records of the past major {lood events or by readlng ground heights
appeared on 1:50,000 maps. .

{b) Bypdss Floodway

ThlS plan will be consideved where there is a constraint of
improving the existing river channel and where the short-cut of the
channel is topographically. possible. : '

~ The route of floodway was selected on the map. The cross section
‘was decided with the aid of flow-prefile computation when the design
discharge run through two channels.

{¢c) Polder (Ring Bund)

This protection measure is conceived at the selected local areas _
‘where the damage potentiél is comparatively large. The work includes the
construction of ring bund, drainage channels in the bunded area and
drainage outlet facilities (e.g.pumping station).

The measute is applied.to protect towas or villages where the
population density is relatively large. The roads surroundlng town is
generally used for construction of rlng bund. . -

(d} Flood Control Dam .

Potentlal dams hav1ng a- comparatlvely largc catchment were examined
on 1:50,000 maps. 1In planning the flood control dams, the follow1ng
assumptions were made: :

_ The'required flood: control storage is obtained from 5-day. basin
storm rainfall and design peak flood. River basins are classified and
grouped according to the intensity of storm (refer to Sectoral Report -
Meteorology and Hydrology ). The relation between 5-day storm rainfall
and catchmeht_area ot each flood region is shown in Fig.19.. The
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probabllity of flood occurrence used for the computation of effect of dam.
is "assessed by 50-year flood for all dams. Flood inflow hydrograph. is
expressed in a polygon with 5-day duration. The hydroglaph has a peak
flood discharge. at’ 24~hour on the time herizon and one wore control point
in the recession to coincide with the flood volume extracted from the
amount. of 5~day storm basln rainfall. The outflow discharge is regulated
to be one-fourth of the inflow. Thus, the flood control storage is
obtained by the taflow volumes less the outflow ones. The flood control
storage 1s finally obtained by multiplying 1.2 by computed storage
allowing inaccuracies of reservolr topogxaphy and flood hydrographs and
mal-operation of gates. '

- Flocd routing effects at downstream point:
K = Sg.root (1 - (1 -~ m2 ) x afd ).

where, K : Flood reduction ratio at downstream point
A : Catchment area of downstream point
a : Catchment area of dam
m2: Flood reduction ratloc at damsite

If a group of dams is proposed, {1 - m2 ) x a in the above equation
shall be deemed to be the sum of (1 - m2 ) x a for all the dams,

in the First screening process of evaluating the flood control
function of dams, the dams having a flood routing effect of less than 5%
{i.e. X > 0.95) at downstream damage centers are discarded at the
beginning of the:-study. Dams having K value of less than 0.35 are
examined in further detail, o :

. Xf the dam is planned for miltipurpose,. the storage for consumptive
uses and hydropower is secured above the sediment capacity. Flood
control space is secured above the consumptive use storage. If the dam
15 planned only for flood control purpose, the flood control storag is
added above the sediment storage. :

_ Sediment yield of ?OO cu,m/sq.km/year will be stored in the bottom
of reservoir.

6.3 Non-structural Measures

Three measures were conceived for the non-structural measure of
flood mitigation altevnative. These are a restriction of development, a
resettiament plan and a flood proofing. A delineation may be -made
according to the actual Flood record and the topographical coadition for
the purpose of zoning in each area in the flood prone area., The measure
‘would be adopted on a spot basis or along the river depending on the
flood depth rather than a stretch ba51s.

Detalled exam1nation of. these neasures’ requires an extensive volume
of study, which seems to be beyond the capability of this study. In this
study, a véry preliminary evaluation is attempted to compare the merits
of the following non-structural measures: : :

{a) Restriction of development

- In the flooding areas where structural improvementzméasure is
economically not justiffed, the following administrative controls could
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be enforced to suppress the future increase of damage’ potential in the
area:

flood area zoning and restriction of devalopment
- public education
flood risk mapping

¢

This measure may be considered in a flood area where the damage
potential is comparatively large. :

(b)) Rescttlement plan

A more positive measure 1s to reduce the damage potential in the
present flood prone area by resettling the.people-to higher land.

This plan is- conce1ved for flood area hav1ng the following
characteristics: '

- paddy lands, but of small to medium scale, where the structural
measure will not be justified.

- less population reasonable for resettlement

- severe flood condition with casuality
(c) Fldod préofiﬁg

This.meaéure comprises.the structufal change of buiidings,
elimination of opening, reorganization of spacing, higher structural

elevation, and/or local ring dyke around buildings.

It'is expected that, with the hrovision.of-this measure, most of the
damages to buildings and properties. can be reduced, :

This profective measure will be conceived for fleoding areas having
the following characteristies:

- less populated at scattered places
- crop damages are not significant

- less severe flood condition, e.g. shallow inundation depth and low
flow velocity - :

6.4 Tlood Forecasting and Warning System

A certain portion of the damages to properties as well as the
casuality could be reduced 1f the flood warning 1s given in due advance
{say 24 hrs)-and the effective evacuation is succeeded.

As the 1mproving and upgrading measures, the 1nstallat10n of
telemetric forecasting systems is proposed for the river basins where the

following are expected:

-~ at least 24 hrs advanced warning attalnable with telemetrlc systen
installation
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= more than 5,000 beneficiaries in the warning disseminated area in
the year 2000.

6.5 Other River Behaviour Problems
$.5.1 FEstuary silting

~ In view of the absence of the detailed_stpdy data and the'complicate
nature of this problem, any proposal under this study seems premature,

6.5.2 Erosion control

No spéciftc projects are proposed for this purpose, assuming that
the minor eroglons at local places will be remedied by channel
improvement proposed for flood mitigation works or by routine river
maintenance projects for which the cost is separately estimated in 7.4

(3).
6.5.3 Sediment removal

‘Maintenance dredging will be. needed to remove rlverbed sediment for
the rivers. identified. Cost thereof is Lo be included in the routine
river maintenance projects.

6.5.4 Salt water intrusion

The water is taken for the domestic use at upstream of the tidal
reach. The river water is not used for irrigation scheme in the tidal
reach, Judging from the demand for water and the cost, the river water
in the tidal reach will not be utilized by the year 2000. No specific
projects are proposed. '
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7. COST FUNCTIONS AND ESTIMATE

7.1 Structural Measures

Basically, cost of the works was estimated based on quantities
mostly measured on maps being multiplied by unit prices predetermined for
each proposed work. ‘The estilmated cogt represents financial cost at 1980
price level, comprising construction cost, engineering cost (10% of
construction cost),and physical contingencies (30% of the former two and
land procurement cost ). Land procurement and resettlement costs are
estimated separately.

Cost functionsg and prices assumed in the estimate are: described
hereinbelow.

{1) Channel improvement
a. Length of improvement:

~ measured on 1:50,000 maps.Iln principle, the length is
measured along the present river course, in a manner Lo
envelop small meanders, but to short—cut excessive
meanders,
b. Flow gradient
~ deternined based on flood stage records in the past flood
‘events to be supplemented by contour information appeared
on. 1 50,000 maps . : :
- c. Cost per km.
- ref, to Table 78 for-chanhel improvement cost.
~ Based on the typical river channel cross section obtained
in 6.2, the construction cost of river channel improvement
were estimated for several cases using the unit prices
shown in Table 78. The cost were further interpolated
according to the design flood discharge and the
longitudinal gradlient and shown in Table 78.
(2) Bypass flood'way
a., Channel cross section:
- a single:cross section is adopted.

b. Length of floodway'

- measured on 1:50,000 WAPS . In prinelple straight channel
route is selected.

§-26



c. Flow gradientf

= detérmined in‘a similar mahner'to (1) above. Outlet water
‘level at the sea is selected at EL. 0.0 msl.

d. Cost per km: .

-~ the construction cost per km was estimated based on
computed floodway cross section using the unit.prices used
for channel {iwmprovement. The cost table was prepared
according to the design capacity and the gradient as shown
in. Table 79.

{3) Polder

a. Layout and 1ength of bund:

- the town is bunded usiﬂg the existing road network around
town. - The length of bund is measured on 13 50 000 maps.

b. Height of bund
- estimated based on 1nf0rmatlon of: average inundation depth
in, the past flood event, Basically, a freeboard of 1 m
high is added. o
¢. Drainage works:
- drainage area 1s measured on 1:50,000 maps. Drainage
requirement by pumping is assumed to be 1.2 cu.m/s per
8¢ .km ef drainage area. - :
d. Cost functions and prices:
- cost functione‘comprise the following:
. construction of bunds
. internal drainage facilities in bunded area
. pumping facilities at dralnage outlet
- unit.ptiees used for the estimetien are shown in Table 80.
(4) Flood control dam

a. Flood control storage:

- required flood control capacity is calculated for each
proposed dam in a manner described in 6.2 {d).

b. Incremental dam volume:

~ in case of multipurpose dame, incremental dam volume’
required for flood control is estimated pr1n01pally based
on dam helght volume Curve.
= {(H22 - H12)/H12} X Vl



Coa

Cost

where, - V : incremental dam volume .

Hl : height of dam without flood control
H2 t helght of dam with flood control -
¥l : volume of dam without flood control

in case of flood control single-purpose dam, the dam volume
is calculated independently based on the estimated sediment
volume, flood storage volume, reservolr capacity curve and
dam volume curve.

for flood control storage

if the previous cost estimate (at least of feasibility
study grade) exists, the previous estimate ig updated to
the 1980 price level and the cost for flood control is
calculated in the following manners:
C = V x Cofvo
where, ¢ : cost for flood control
¥V : dincremental dam volume due to
-~ flood control '
Co : updated cost of dam proposed In
the previous study
Vo : volume of dam proposed in the
previous study
The above implies that the cost for flood control is
represented simply by the incremental cost due to flood
control. MNo further detailed cost allocatlon was attempted
in this study. :

for dams where no previous estimate exists, the unit prices
per cu.m of dam volume are applied. See table 81 for the
estimated unit prices.

{5) Land procurement and resettlement

8.

'b‘

Land

.8ince. the study is of mastar plan level and it is not the
purpose of the study to count the exact cost of land
procurenent. The congtruction’ cost derived herein would be
used as a' preliminary judgement of the project and it
should be refined in the feasibility stage. The same thing
can be sald to the resettlement described below. . The
estimate was made on a broad sence so as to grasp the cost
incurred for the project and evaluate the adverse eftect of
the project.

areas

Expropriated land area .is estimated by mdltiplying.the
length of structures (channel, polder dyke) by newly

- required: widths for structures. The land ase categoriés of

expropriated area are assumed to be the proportional to
that of flood prone areca. :

Regettlement requirement:

Number of people to be removed by structural measure is

.robtained by multiplying the expropriated area of each land
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use category by the population density described in Sec.
5.3.

c. Prices of land and reéettlemenf:

Property market reporit 1979 was :used for the estimation of
land cost. The land is classified into urban, rural and
agricultural areas and further devided according to the
nearness to a blg. town and crop category. The values are,
shown in Table 82. :

7.2 Non-structural Measures

As described in 6.3, the study only aims at very approximate
evaluation of the non—-structural measures. The cost estimate herein is
based on the following bold assumptions: :
(1) Restriction of development

a. Expenditures for lapnd management office:

~ this cost covers salaries for the personnels of the
management office, buildings, equipment, and all other

expenditures related to land use management.

- once the land use control is eﬁforced this expenditure
occurs continucusly throughout the subsequent period.

- ref. to Table 83 for the assumed price,
b. Cost for fleood risk mapping:

- this cost covers aero—photo surveys and mapplng Eor
production ot 1:5,000 to 1:2,500 maps.

- .the cost-will he disbursed during the first 5 years.
- ref. to Table 83 for ‘the estlmated price.
(2) Land use’ change aad rebettlement plan
a. Resettlement cost:
- this cost comprises (i) the cost for resettlemént of people
-and (ii) the cost of new lands to be supplied to people at
the regettled area. 1t is assumed 30 families can he
accommodated in 1 ha, Public -buildings and facilities are .
included. ‘ : : '
-~ ref, to Table 83 for the estimated prices.
{3) Flood proocfing
- wvarious meaqures are concelved but the cost assumed herein

i1s the subsidy to household Eor rebuilding of the house or
for construction of a local ring dyke around the house.
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-~ ref. to Table 83 for the estimated price.

7.3 Flood Forecasting and Warnlng system

Thae cost estimate 1s based on unit prices predetermined.for each
type of telemetric stations, to be multiplied by the number of - stations
proposed for each of the river basins.

"~ Table 84 shows the unit prices by type of the telemetric station.

7.4 Operation and Maintenance Costs

In order mainly to simplify the cost stream calculation, annual
operation and maintenance (OQ&M). costs are expressed in percentage to the
initial cost. Table 85 shows the rates of O$M costs for the proposed
structural works, together with the estimated service life of the

structures.

Replacement of structures/equipment is scheduled at the end of the
service I1ife assumed above.
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8. DBENEFIT ESTIMATE

8.1 Structural Measures

The benefit of the flood mitigation project accrues from the
reduction of flood damages and the benefit due to land enhancement
effects. :Thus, the benefit is the difference of flood damage
without~project and with-project. - The damage potentials would increase
~accordiang te the population and per-Capita GRP growths. The damage
potential of 50 years on the time horizon are to . be compared with the
cost of flood mitigation project. For the economic evaluation, costs and
benefits are assessed by economic . values.

(1) Estimate of present flood damage (1980 year conditlon)

For Lhe economic comparison, the values of crop are assessed by the
barder price for paddy. Other crops are valued taking into accounts the
opportunity costs. It is difficult to assess the economic value of those
other than agricultural crops. The economic values for these arve
regarded as the same as the ones descrlbcd in Chapter 5.

The method of flood.damage estlmates are shown in Chapter 5, but the
flood damage potentials are obtained by each stretch to test the
viability of the mltigation project by each stretch. :

(2) Estimate of future damage potentials (ZOOO‘Year conditions)

Flood damage potential will increase in future due to more intensive
use of land resources and the incremental value of assets ‘and ¢
properties, To estimate the future damage, the: following ba31c
assumptiouns are made:

Cro§ damages:

~ higher damage poteatial due to increased crop yield per area.
‘As for paddy, it is assumed the paddy area in the flood prone
area ls to be proportionally increased according to the
expansion plan of paddy area estimated by DID. If a new:
irrigation scheme i3 planned by DID in the: flood prone area,
the damage potential to the scheme dis also taken into account.
The value of paddy is the one.in flood-free area assuming that
.the incremental of yield owes to flood mitipation measures.

- It is assumed that the number of houses will increase according
to the population growth, and properties and its gquantities
according to the per-capita GRP growth. Hence the damage
potential to houses. and properties is assumed to augment
according to the GRP growth rate. Damage potentials to public
building, public facilities and utilities will be also
increased accordng to the GRP growth.
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Population:

- The population increase in the flood prone area is deemed to be
the same as that in the Division 1n Sabah & Sarawak since the
means of transportation still rely om rivers. The affécted

. population in the year 2000 1is estimated applying the
population growth rate of the division.

Housing and properties incl. livestocks:

- increment of properties value and guantities per household at a
rate of GRP growth. .

(3) Land enhancement type benefit

‘Agricultural production in the flood-affected areas is normally less
than that in the flood-free lands. Once the flood mitigation project is
implemented, however, the production of the areas tends to Increase to a
level comparable to that of the flood-free area,

The implementation of flood mitigation project may also increase the
value of urban lands. MNew housing scheme or industry project would be
introduced. However it is uncertain and not possible to predict at which
place these scheme are allotted. For conservative estimate, this land
enhancement - type benefit was not included in the benefit estlmate of this
study. :

(4} Growth of'daﬁage potential

As described above, the flood damage potential is estimated for both
the present (1980) and future (2000) vear conditions. In the evaluation
of the projects in 10.4, it is assumed that the damage potential will
increase linearly from 1980 to 2000, and thereafter further 1ncrease at a
half rate of GRP growth,

8.2 MNon-structural Measures

The estimation of these benefit is only attainable through an’
indepth study with the collection of supporting data and the examination
of variocus alternatives. Without such detailed data, an attempt was made
to estimate the benefits based on very rough assumptions described
below. :

(1) Restriction of development
(Conditions without the restyiction of development-)

~ population w1ll increase at a rate of population growth in the
district, : .

—- Additional agricultural lands will be developed and
private/public facilities expanded at an equal rate with the
population growth, l.e. the damagé potential in the flood area
will increase in propertionate to the GRP growth,
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(Conditions with the restrictlon of development)
-~ Due to the enforcement of the teétriction of development, the
damage potential will increase only by a rate of per-Capita GRP

growth. This is because a part of population increase could
not be controlled even if zoned.

(Benefit)
- The benefit is deemed to be the difference in the damage
potentials of the above 2 cases., The benefit stream of 50
yedrs is discounted to the first year at a rate of 8%.

(2) Land use change and resettlement plan

- Reduced damage to buildtngq/properties

=Y (H+ G)
where, H : annual damage to hous1ng/propert1eb -
© 1980 year
-Gt amual damage to public buildings -
' 1980 vear

Y :.a_multlpllcation-factor to include
public facilities damage and indirect
damage (= 1.69)

_ The population and the properties will increase according to the
" growth. Hence the 50 years damage reduction can be generated and this is
counted as the would-have benefit of the restriction of development.

(3) ‘Flood proofing

- Reduced damages to hous1ngs/pr0pert1es

: B =1 : :
where, H damage to housing/properties

- Reduction in public facilitles damage and indirect

damage is not counted. . ‘
- Benefit stream of 50 vyears 1s computed using the same manner as (2)

above.
8.3 Flood Forecasting and Warning §ystem

Due to lack of data and actual practice in Sabah & Sarawak, no
benaefit can be outlined. Therefore the henefit is assumed the same as
the cost.’ '

8.4 Other Project Benefits

No specific attempt was made to estimate the benefit from: other
improvement works such as river dredging and routine river maintenance
works, in consideration . that these works are more or less requisite to
meet the public requirement and are to be evaluated from social
well-being viewpoint. :
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9. FLOOD MITIGATION PLANS:

9.1 Desipn Flood by‘River Stretch

Following the criteria set out in 6.1, design-flbod was determined
for each of 109 river stretches of 38 flooding rivers.:

.9.2 Flood Mitigation Benefit by River Stretch

Tables 86 to 93 show the estimated benefit by river stretch, which
will accrue once the area is protected from flood inundation, The damage
reduction is expressed as average annual damage less residual damage at
the given protection level,

The expressed amount in the tables is deemed to.be flood mitigation
benefit from structural measures. The benefit due to non-structural
measures is to be estimated separately in a manner described in 8.2,

9.3 Plan Formulation
Also following the basic criteria described in 6.2 and 6.3, flood
mitigation plan was formulated for both the structiural and non-structural

measures., The total number of plans studied is as follows:

“Structural weasures: -
-~ Channel improvement 109 stretches

~ Bypass floodway 3 locations
- Polder 3 locations
~ Flood control dam 107 dams

Non~struetural measures: 109 stretches

For all the plans stated above, cost (C) and benefit (B) were
estimated based on the prices and methods described in the foregoing
chapter 7 and 8. The cost used for the economic analysis is defined as
80% of financial cost which includes transfer payments and salvage
value., Furthermore, the cost-benefit relation is worked out in terns of
(B-C) for comparison of the plans. Annual cost and benefit are
calculated on. thé premises of 50-year evaluation horizon and 8% discount
rate. For the sake of compariscgn, the project economic cost is set at
1980 and the benefit stream starts from 1981 onward, as if all the
projects were implemented in 1980.

2.3.1  Structural Measures
(1) Channel improvement

Tables 86 to 93 show the outline and cost-benefit features of the
river channel lmprovement proposed for all the 415 stretches,

(2D Bypass floodway
Table 94 describes flood bypasa plans examined in this study.
(3) Polder

. Polder plan was mainly considered for protection of urban areas as
shown in Table 95,
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(4) Flood control dam |

Firstly, flood flow reduction effect by dam at downstream points was
examined as evaluated. Dams having only a lesser extent of flood
reduction effect at the downstream points (less than 5% i.e. K > 0.95.
Ref., 6.1.3 (d)) were ruled out from further study. Table 96 and 97 show
the principal features of flood control dams examined.

For dams passed through from the above screening, flood control
storage volume and cost for the storage were estimated.

The viability of flood control dams was assgessed in a manner to
compare the total cost of dam and reduced channel improvement work with
the benefits in the stretches downstream from the dam. In case that a
group of dams is proposed, the best combination of the dams leading to a
least teotal cost requirement (dams + downstream channel improvement) was
selected for each river basin. Annual cost of dam is distributed and
added to that of river improvement in proportion to the annual cost
difference of channel improvement between without dam and with dam.

Tables 98 to 102 show the flood control dam plans finally selected,
together with the .plans of assocliated chaunel improvement.

9.3.2 HNon—-structural measures

By applying cost functions and benefit estimate formulae described
in 7.2 and 8.2, cost and benefit of 3 conceived non-structural plans were
estimated for all the stretches, irrespective of whether the plans are
applicable to the area from techno—sociological viewpoint.

‘0f the plans, resettlement plan will not be applicable in the areas
where damages to paddy and people do not occur, and the flood proofing
plan is also not appllcable in the non—-populated flood areas,
respectively,

The estimated cost and benefit by stretch are not‘reproducéd in this
report, but only the computed B - ¢ values presented in Tables 103 to
105. _ .

9.4 Formulation of Development Alternatives
9.4.1" Alternatives setting criteria

As a function of formulating the national-water:resourées.and use
alternatives, three alternatives for flood mitigation development are
proposed: "Alternative F1 is the implementation of proposed measures to
protect 90% of population in the flood prone area. Alternative F2 is the
implementation of measures for 50% of population in the potential
inundated area, and Alternative F3 is the implementation of only
- economically viable measures. The plans have been. formulated for each

state-. ; :
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The strategies and alternatlves setting criteria ave as follows:
Criteria for

_Alternative Strategy and Target .Formulattou of Plans
Fl: Total ' Flimination of most Combination of least-
development part of flood costly structural
alternative hazacds. _ measures, | Improve-
ment area/stretch to
‘Excepting very. .be selected in the

gparsely populated order of damage
area, 90% of popula— potential and populaw
tion in flood prone tion thereat. :
“area to be relieved
from. flood hazard

F2: Social well~- More than 50% of - Combination of

" being population presently structural and non-
emphasized in flood prone area structural measures.
alternative to be relieved from Improvement area/

flood hazard. stretch to be
: ' selected in ‘the order of
population thereat,

F3: Economic- Tmplementation of Combination of
' efficiency only economically structural and non-
emphasized : viable projects. structural measures:
alternative . ' . assessed. to have a

positive B - C value.
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3.4.2 Selectlon of alternatlves

Follow1ng the alternatives setting criterla proposed in 9. 4 1 above,
the 3 alternatives are then formulated for each state through comparison
of flood mitigation measures produced in 9.3 above. Tables 103 to 105
‘summarize the damage potential (in terms of average annual damage in 2000
year condition)  and population (in 2000) of each stretch and the annual
equivalent (B = C ) values of various measures for ease of comparison.

As a result, the measures shown on the right-most column of the tables
are selected for inclusion in the 3 development alternatives.

The selection of fhe measures is done by the following process.

Among several structural measures, a measure which gives relatively
higher annualized net benefit is selected for the alternative Fl.
Stretches are added up until the number of people protected attains 907
of that in flood prone area. Channel improvement is generally selected
for the measure: of the alternative F1 for its character of the-work.
Stretches are incorporated until the aamber of people protected exceeds
50% of that in flood prone.area for the alternative F2 among structural
and non-strictural measures.. Stretches which gives the positive net
benefit are. selected for the measure of the alternative F3, For all
alternatlves, adjustment is made for the c0n51stency of measures for the
adJacent gtretches, . :

_ _ The selected alternatives are summarlzed in Tables 103 to 105
together with showing the estimated B-C. The location of the proposed
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projectes is shown in Figs. 20 to 25 by alternative selected for each
state. : '

9.5 Flood FOrécasting and Warning System .

The installation of telemetric system is proposed for 16 river
basins as indicated in Tables 106 and 107.

Notwithstanding the henefit-cost estimated in: the tables, this study
recommends that all the proposed systems are to be'implemented,_as a part
of soclal well-being program until the year 2000. The system will be
requisite irrespective of whether other structural or non-structural
measures are implemented simultaneously.
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10. SCHEDULES AND EVALUATION

10.1 Dmmkmmﬁtdemﬂé'

Developmpnt schedule of the flood mitigation alternatlves has been
prepared in counsideration of Lhe following

-~ all the projects’ concéived in the alternatives are to be
implemented towardq the year 2000.

- for AMP perlod only the projects authorized in 4MP will be
implemented. Other proposed progects are scheduled in 5MP period
opward (1986 onward).

-~ the 1mplementaLLon period of a project is assumed basically to be
$ years. TIn case the annual expenditure exceeds M$ 20 million ,
the perioed is extended to 10 or 15 years.

- projects accorded h1gher returns will be implemented at earlier
period, to be followed by the next-evaluated projects. The
scheduling is made to distribute the expenditures almost equally
throughout a period Ffrom 1986 to 2000 or sllghtly incre351ngly in
the latter period. .

10.2 Budgetary Schedule

‘Basing on the development schedules formulated in 10.1 above,; budget
requirement in the succeeding 5-year plan periods is estimated as shown
in Tables 108 to 113. Annual disbursement schedule is estimated to be
10, 20, 30, 25, and 15% of the project cost within 5 years. The budget
for 4 MP period is excluded and not shown since it is pre-requisite.

The budget requirement estimated in the tables inciudes the budgets
for flood forecasting/warning system. See Tables 106 and 107 for the
" estimated cost of those works, respectively.

.10.3 Man—bower Schedule

Man—power requirement is estimated by assuming a typical work force
requirement by the size of the projects which is expressed in terms of
project capital cost as shown in Table 114. Additional man-power-
requirement for ‘each of the ‘flood mltlgatlon ‘alternatives ¥l to F3 is
shown in Table 115 and 116.

It is presumed that the flood forecasting/warning systems and
rogtine river maintenance works could be managed b351cally by the present
number of LID staEE._ :

10.4 Ecounomic Evaluatlon of Alternatives
To assess the economic viablllty of the flood mitigatlon

alternatlves Fl to F3, econonic evaluation was made based on the
followlng criteria:
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Cogst stream:

Project is allotted according to the criteria stipulated in
llOolo ) . R . . :

- Disbursement schedule is as per estimated.in 10.2 above.

"~ Economic cost is assumed appfoximétely‘to be 80% of financial
cost, Cost for flood forecasting system is excluded in the
evaluation. :

Benefit stream:
- Damégé potential (or damage réduction by:flood.cpn;fol project)
" increases linearly from 1980 to 2000, at a rate of GRP growth
thereafter. The benefit stream stavts—just after one year of
© the project completion. :
Evaluation horizon: 50 years
Economic Viability-of the alternatives is compared in terms of
economic internal rate of return. The result is presented in Tables 117

and 118.

The tables also show the assessments on social well-being account
items. ' : : :
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11, RECOMMENQED PLAN

11,1 Selectibn of Recommended Plan

Through the studies in 10 above, “the three flood mitigation
alternatives are evaluated as summarized below.

S : Alternative -

Item . _ Fl F2 F3 -
Sabah S
- EIRR (%) : _ 2.6
~ Damage ' 2.6

‘reduction (M$. million h) /1
- No.: of people C172.2 0 76.9 0 42,1

relieved (thousand) L =
~ Reduced flood 848 - 403 - 81

area (thousand sq.km ) .

- Budgut burden /2 286,9 1l4.1 21.1

(M$ millioa ) :

- Additional : 170 60 20

‘man—-power
requirement

Sarawalk _

- EIRR (%) - NA 5.7

-~ Damage 10.9 7.7 2.0
reduction - (M$§ miltion ) /1. :

- No. of people 262.,2 116.8 . 34.3
relieved (thousand) ' :

'~ Reduced flood 4,379 1,412 547

area (thousand sq.km ) .

- Budget burden /2 - 4,542.0 518.7. 21.1 -
(M$ million ) :

~ Additional 740 200 20
man-power
requirement

e e — ———— e e a4 et Bk kLt Y T TR it i ot i

Remdrks: /1 Average annual damage reduction for 50 years
project life. _:
/2 Budget from SMP - 7MP

Recommendations from the above comparison are as follows:

(1)

(2}

Alt. Fl will be the most'désiraﬁle with a. view to the

~attainable. reductions in flood damages, Nos.:of flood. victims

and flood~affected land resources. However, a critical
constraint is the heavy budgetary burden, which seems almost
beyond-a limit of budgetary capability at least up to year
2000. Employment of additional staff is also a major
constraint to the selection.of this alternative.

Althﬁ and F3 are seemed to be both écéeptable with regards to
the budget and people protected by the projects.
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(3) Alt.F3 is to select the projects whose EIRR 1s more than 8%,
Consequently the projects. are concentrated on relatively
populated and developad states, The projecto for the states
less populated would be left. behind.

(4) Since 50% 0{ the population of - each state will be protected,
: Alt.F2 would be prefererable. from regional and social
well—being points of view, , T e

{5) Alt 2 attainsg a reduct1on of about 43/ of the potential flood
. ‘damage, relieves 194,000 people or 53% of the total victims
from flood hazards in the. year 2000 condition and protect 13%
of flood prone area.  These attainments seem to be aeceptable
-as a minimum terget towardb the year. 2000.

(6) 'As a-conclusion; the fl00d‘m1t1gation plan is formulated in a
- minimum scale, that is, hereby recommended is the
implementation of Alt. F2.

- As a results, no previllage of priority is resulted in among
populated states: and less populated states. With regards to the land
enhancement beneflt, it is counted by other sector where a concrete
development plan or irrigation project plan are ‘'set up. No benefit can
be assessed where the - plan 1s not foreseen yet in this Study.

_ . BeSLdes the budget for the recommended_flood mltlgatlon.projects,
and the costs for flood forecasting system, are also to be preserved in
the public fund requirement for 5 to 7MP. periods,

11.2 Description of Recommended Plans

The recommended pldn for flood mitigatlon is summarlzed in Table 119
and 120. '

Tawau river flood mitlgatlon pro;ect

Tawau, populated by 50 000,'1s located at -the, estuary of the Tawau
river. The town is often flooded, becausé the river, stretching for .9 km
in the town, is not capable of diseharging flood. For example, a flash
flood in January, 1981 flooded 18 sq.km and affected 6,000 peoplé, mostly
within the town. The recommended flood mitigation plan consists of the
excavation of a bypass floodway of 3 km in length and improvement of
existing river channel of 9 km in length. _Although -incorporation of
flood control storage was preliminarily discarded in the“proposed Tawau
dam, it should be further studied in the stage of feasibility study.

Bandau . plaln flood mitlgatlon project

The Langkon Bongau Kota Warudu and Tandek rivers run: through the
Bandau plain where several villages are located. A flood’ agsociated with
“high tide in January, 198] inundated 109 sq.km 1nc1ud1ng Langkon and Kota
Marudu towns. A budget has been allocated under 4MP for'the flood -
mitigation in the Bandau plain. The recommended flood mltigatlon plan is
river channel. improvement of 56 km in length in order to proteet Bandau
p]aln. : :
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Kadamatan river channel improvement project

The flood of-January, 198 affected the Iow—lying area of Kota Belud
town and the jrrigation séheme. A comparatively: large scale irrigation
scheme 1s carried out and will be expanded in the flood prone area. The
banks were eroded in several places by floods. The recommended flood
mitigation plan is the river channel improvement of 16 km in length in
the most downstream stretch.

Putatan river chanuel improvement project

The Moyog river distributes into small channels; of small discharge
capacity in the south of Kota Kinabalu. The major distributary is the
Putatan, river causing drainage problem in. the surrounding area. The
Putatan river inundated 7 sq.km and affected 7,000 people in a flood in
1974. The recomménded flood mitigation plan is river channel improvement
of 12 km in length in the town area.

Limbang flood mltigatlon ‘dam project

The Limbang valley proJcct has beeen proposed for agrlcultural
development "of 20,000 ha including 8,600 ha of paddy irrigation in the
lower Limbang valley. The major constraint eof. the development is flood
problem. . The Limbang flood mitigation dam is proposed at just upstream
of the Limbang valley project area. The storage capacity of 450 wmillion
ciem can reduce flood discharge to a non-damage flow in the downstream
river channel, and also power generation will be made. possible. 8ince
the project is for irrigation purpose, the project cost is 1nc1uded in
the irrigation sector of this study.

Miri river flood mitigation project

The Miri river inundated 674 sq.km in January, 1963. Miri town
located mear the estuary of the Mirl river is an industrial town of
55,000 in population at present. The flood damage must be large if the
same flood occurs under the present condition. The recommended fleod
mitigation plan is the construction of a bypass flood-way of 5 km in
length at just upstream of Luton, which 15 1oceLed 2 km to the north ‘of
-Miri. :

Consiruction of ring bund. at Niah .

The construction of rlng bund lncludlng bank protectlon work is
recommended for Niah of 900:in-population. :

Kemena rivar channel 1mprovement plan

The river channel improvement is recommended for a 30 km stretch in
length of ‘the Kemena river to protect 17,000 people in the flood prone
area in Bintulu.

Matu river channel improbement plan

The Matu.river flooded 226 sq.km in 1963 affecting 7 ,000 peOple.
The recommended plan is the river. channel improvement of 21 km.

S-42



Sarawak river flood mitigation plan

The recommended plan includes the Bengoh: flood mitigation dam in the
Savawak river and channel {improvement of 142 km In the Sarawak and
. Samarahan rivets to protect 62,000 people in the flood prone area. The
dam’ can  be developed as a multipurpose project with water supply scheme,
The superiority on technical and economic points of view is preliminarily
given to the Bengoh dam over the Giam dam, however, the latter shall be
examined in the feasibility stage.

Flood forecasting and warnlng system
The flood forebasting and warning systems are proposed for 7 river
basins in Sabah and 9 for Sarawak by the year 2000. Of these, the system

in Bongan (Basin 217), Papar (221), Baram (230) and Sarawak (246) are
recomnended to be installed in 5MP period.
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12. PLAN IN CASE OF LOWER ECONOMIC: GROWTH
12,1 Assumed GDP Growth Rate -

The recommended plan- in'the:forégoihg'bhapﬁér i1g bssed on an.
assumption that the growth rate of GDP is 7.7% in 1980 to 1985, 8 4! in
1985 to 1990, and 7 5% in 1990 to 2000, in accordance with 4MP and OP?

For reference, a plan under a lower economic growth was prepaxed
assuming that Malaysia‘s. economy might be affected by a long-lasting
world~wide economic depre581on. The growth rate of GDP assumed was 7% in
1980 to- 1985, 6% in 1985 to 1990, and 5% in 1990 to 2000.

12,2 Parametefs‘Predominantly Related tG’GUP Pér Capita

The pamameters dominated by GDP per capita are: the urbanization
ratio and valué of flood damage. These parameters under the condition of:
lower economic growth were estimated assuming a functional relationships
with GDP per capita. Wigher population growth rate is adopted in rural
area and lower in urban than 4MP and OPP estimate.

12.3 Developmeﬂt Plan-

" The recommended flood mitigation plan under the condltion of low
economic growth does not change except the Kadamaian river channel
improvement plan,

12.4 Beneficial and Adverse Effects

The beneflclal and advers.e effects of the flood mitigation plan in
the case of lower economic growth are summarized in the main report.
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