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In response to the request of the Government of
Malaysia, the Government of Japan decided to conduct a pre-
feasibility study on the Kinabatangan River Basin
Development Project and entrusted the study to the Japan
International Cooperation Agency (JICA). The JICA sent to
Malaysia a studyJ;eam headed by Mr. Katsuhisa Abe of a joint
venture of the CTI Engineering Co.,Ltd. and the Chuokaihatsu

Corporation, from December 1980 to November 1981,

The team exchanged views with the Malaysian authorities

concerned and conducted a field survey in the Kinabatangan

river basin in the State of Sabah. After the team returned
to Japan, further studies were made and the present report

has been prepared.

I hope that this report will serve for the development
of the Project and contribute to the promotion of friendly

relations between our two countries.

I wish to express my deep appreciation to the officials
concerned of the Covernment of Malaysia for thelr close

cooperation extended to the team.

March, 1982

Keisuke Arita
President

Japan International Cooperation Agency
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SUMMARY OF THE PROJECT
GENERAL

The vast natural resources scarcely tapped for
countless centuries in the past in the Kinabatangan River
Basin in the State of Sabah of the Federation of Malaysia
began attracting serious attentlon of both the State

Government and the Federal Government since the latter part
of the 1970's.

While various development programmes are being laid
out for the future, for orderly development of the flood
prone area of the Basin, the proper control of the flooding
water is indispensable. - To attain this purpose, it is
essential to construct dam in the upper or the middle
reaches of the Kinabatangan River, as a result of which the
benefitted area which is relieved from the flooding can be
expected to develop for agricultural purpese and likewise
hydro power generation can be developed to support the
incremental demand in the East Division.

In conmection to above, the dam whose construction is
proposed at Balat, middle reaches of the Kinabatangan, will
be designed as a multi-purpose dam to support the develop-
ment plans in the project area which consist of flood
control, agricultural development and hydro power genera-
tion. :

The storage capacity to be developed has been allo-
cated for the purpose of flood control and irrigation.

A hydro power generation which is generated by uti-
lizing the water head to be created by the proposed dam,
will support the power demand in the future.

OBJECTIVE AND SCOPE OF THE STUDY

Objective of the Study

The objective of the study which wae agreed upon by and
between the Government of Malaysia and the Government of
Japan 1s to conduct a pre—-feasibility study on the
Kinabatangan River Basin Development Project, more specifi-
cally, the preparation of an outline development plan for
flood prone area in the Kinabatangan River Basin.

Scope of the Study

~ Study on potentlal water resources and agricultural viabi-
lity in the Kinabatangan River Basin,

~ Planning and comparative study on proposed dams and
reservoirs, ' :



- Planning and study on flood control schemes, and

~ Planning and study on wdter resources development
including hydro power and agricultural development.

PROJECT AREA

The Kinabatangan River with a catchment area of
16,800 kn? drains the eastern part of Sabah State, which 1is
demarcated within 4°30' ~ 5°45' North Latitude and 116°25' ~
118°40" East Longitude,

The upper Kinabatangan River 1s named the Milian River
while it is flowing down through the mountainous area and
jointed by many tributaries before it meets the Kuamut River
at Kampung Kuamut. The River flows down in the midst of
the Basin absorbing the Lokan River and other tributaries
drains into the Sulu Sea.

For a distance of 300 km from the mouth of the river,

the riparian area is generally flat within the range of 15 m

above mean sea level (M.S.L). Remarkable meandering in the
middle and the lower reaches helped developing an extensive
alluvial pilain due to sedimentation. The gradient of the
Kinabatangan River is extremely mild in the lower reaches
being estimated around 1:15,000.

The Kinabatangan River Basin is the most sparsely
populated of all in the State and has a population of
approximately 29,000 in 1980, and annual growth rate of the
population in the past decade, was approximately 7.6%.

The annual precipitation in the Kinabatangan River
Basin is as high as 2,500-3,000 mm.

The biggest flood during'these ten years occurred in
February 1971, when the maximom daily mgan discharge reached
to 3,020 m3/s at Tangkulap, and 5,250 m”/s at Balat.

DAM AND RESERVOIR

The proposaed Balat damsite is located in the middle
reaches of the Kinabatangan River, 260 km upper reaches from
the estuary: The dam is composed of a wmain dam and four sub
dams, all of which are of earth fill type. The aggregate
total volume of these dam bodles above, is ebtimated at
5,320,000 m3,

The proposed Balat reservoir has an effective storage
Bacity of 4.785 x 107 w3, A storage capacity of 4.665 x
will be allocated for flood control, This capacity
is able to regulate 900 m3/s out of the standard project
flood of 5,400 m /s at the damsite. The remaining storage
capacity. of 0.12 x_lO9 o will be utilized as water resour-—
ces of the irrigation water supply.
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The two different kinds of outlet faclilities will be
installed. One is to control flooding water and another

to maintain Normal Water Level (N.W.L.). The flood
control facility has a overflow portion of 5.0 m in width
and 28.5 m in depth. The outlet facility to maintain
N.W.L. consists of three outlet pipes (7 m in diameter,
each), This facility is also to be utilized for power
genaratcion, '

a Two splllways having a free flow section, 300 m wide,
will be constructed on the hilly land heside the dams. 1In
case that the extraordinary flood discharge happens, the
splllways will flow 1t safely. '

%"1

A land of 520 kn? shall be acquired and 850 houses
shall be evacuated due to implementation of the project.

5. - FLOOD CONTROL

The magnitude of flood contrxel in the Kinabatangan
River has been determined to be a 20-year return period.
The flooding water of the river will be controlled by
means of the proposed dam and reservoir. The reservoir
storage capacity of 4.665 x 109 @3 is required to regulate
the gtandard project flood of 5,400 m /5 at the proposed
Balat damsite and 6,000 m3/s at Barik Manis down to 900
(i /s and 1,500 m3/s at the above respective sites. The
discharege of 1 500_m3/s can be confined in the existing
river channel without any river improvement works. After
completion of the proposed Balat dam construction, the
area of 107,000 ha will be relieved from flood damage of a
20~year return period or less, as a result of which the
productivity of the project area will be remarkably
enhanced.

6. AGRICULTURAL DEVELOPMENT

Qut of the area of 107 000 ha which will be relleved
from the flood damage by qomplethn_of the proposed dam
‘and reservolr, the agricultural development area of 55,000
ha is delineated, 48,700 ha of which will be reclaimed
through the proposed works of Jjungle clearing, root
removing and leveling and eventually, the net cultivation
area will be 44,000 ha excluding 4,700 ha for acquired
land for facilities.

R : ' Full mechanized farming has been proposed for the paddy
‘cultivation of double crop, one is off season paddy and the
other main season paddy. The storage capacity of the pro-

posed reservoir of 0.12 = 109 m> will be. allocated for the
water requirement of the off season paddy.

"In successively implementlng farming production,. -
labour. requirement for the agricultural development sector
in full operation stage is estimated to be about 4,000 per—
sons consisting of 190 of managing staff and spec1aljst,

580 of skilled personnel and 3,230 of aeml—skilled person—
nel.

- iii -~



HYDRO POWER

The hydro power station is constructed at the imme-
diate downstream toe of the main dam on the left bank.
The generation method is run-of-river type. The genera-—
tion output is 31,500 KW 1in power capacity, and the annual
energy output 1s 168 x 106 kWH, Power generation equip-
ment consists of 3 units of tubular type turbines with the

installed capacity of 10,500 kW each, and 3 units of a5
3-phase horizontal shaft type generator of 11,000 kVA i
each.

A transmission line from Balat power station to
Sandakan will be constructed for a distance of about

100 km along the proposed access road of Balat dam and the
existing main road between Sandakan and Kota Kinabalu.

Generated power will be conveyed by a 132 kV three-phase,
three wire transmission system.

CONSTRUCTION SCHEDULE

The total construction period required for the execu-
tion of the project works is 10 years. The construction
work will be started in 1983 and terminated in 1992.
Construciton schedule for each sector including the detailed
design phase is given as below:

AF
Sector B
Dam i July of 1983 ~ Dec. of 1992
Agricultural development: July of 1983 - Oct. of 1992
Hydro power : : July of 1983 - Dec. of 1992
PROJECT COST
The total ﬁroject cost 1s estimated at US$1,050
million, on the contract basis by using mid-1981 prices, of
which US$622 million or 59% 1s foreign currency, and US$428
million or 41% is local curremcy, The project cost is
classified by work item given as follows,
(x100ys$)
Foreign Local
Work currency ' currency Total
Dam & Reservoir 141.3 147,1 288.4 o
Agricultural e
development : 422.3 270.9 693.2
Hydro power _
development- “58.1 10.6 68.7
Total : 6217 428.6  1,050,3
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PROJECT . EVALUATION

Economic Cost

The total economic cost is estimated at Us5705.3
million, which is composed of foreign currency portion of
U8$410,5 million and local currency portion of US$294.8
nillion equivalent. These costs are summarized below.,

(x10%ys3)
Foreign . Local
Hork currency currency Total
Dam & Reservolr 96.8 106.2 203,0
Agricultural-
development : 279.6 182.4 462.0
Hydro power
development : 34,1 6.2 40.3
Total : 410.5. 294.8 705.3

Project Benefit

The total annual benefit of the project is estimated
at US$ 81.03 million, which can be classified by sector as
follows;

Purpose Annual benefit ( x 106US$)
Flood control : 0.29
Agricultural

development : 77.04
Hydro power

development : 3.70
Total . 81.03

Internal Rate of Return

Evaluation of the project was made by means of caleu-
lating Internal Rate of Return on the basis of the estimated
benefit and economic cost. The Internal Rate of Return of

the Kinabatangan River Basin Development Project is calcu-
lated at 7.1 %, assuming a project life of 50 years.

-y -



11.

CONCLUSTON

The Kinabatangan River Basin Development Project has
been formulated for the purpose of development of the
riparian areas of the Basin lnto agricultural land by flood
control of the River, and of power generation to meef ever
increasing demand in the east coast area.

It can not be recommended that the project will put
into execution for the moment in due consideration of the
economic viability and a vast initial investment, although
it can be greatly expected to serve as a vital role to
enhance the productivity of the entire Kinabatangan River
Basin and also to promote the reglonal economy of the State

of Sabah,

-y -




FEATURE OF THE PROJECT

1. Dam and Reservoir

Reservoir

Design flood water level (D.F.W.L.) EL. 43.0 m

- Surcharge water level (S.W.L.) EL. 37.0 m
%? Normal water level (N.W.L.) El, 17.5 m
Low water level (L.W.L.) EL. 16.5 m
Gross storage capacity ' 5,000,000,000 m3
Effective storage capacity 4,785,000,000 m>
¥lood control capacity 4,665,000,000 m3
Irrigatlon water capacity 120,000,000 >
Sediment capacity 215,000,000 m3
Dam
Main Dam
Height above foundation 46.0 m
Crest length 530.0 m
Crest width ' 10,0 m
Crest elevation EL. 46.0 m
Dam volume 2,150,000 m3
Sub Dam No. 1
; Height above foundation 16,0 m
%? Crest length 540,0 m
Crest width 16.0 m
Crest elevation EL. 46.0 m
Dam volume 330,000 m3
Sub Dam No, 2
Height above foundation 42.0 m
Crest length 550.0 m
‘Crest width 10,0 m
Crest elevation EL. 46.0 m
Dam volume . 1,830,000 m
Sub Dam No. 3
Height above foundation 10,0 m
Crest length 126.0 m
Crest width : 10.0 m
Crest elevation EL. 46.0 m
Dam volume 20,000 -m3
Sub Dam No. 4 :
Height above foundation 26,0 m
- Crest length 780.0 m
Crest width 10.0 m
Crest elevation EL., 46.0 m
Dam volume . 990,000 M

- yvii -



Spillwgz

No. 1 & No. 2

Outlet facilities

Ctne for flood control

One for maintaining N.W.L.

Acecess road

House evacuation and land acquisition

House evacuation
Land acquisition

Flood Control

Flood control scale

Standard project flood

Balat damsite
Barik Manis

Flood control measure

Design flood

Balat damsite
Barik Manis

Area to be relieved from flood

Agricultural Development

Area to be developed

Gross area
Net cultivable area

Crobping

Proposed crop
Crop pattern

Expected yield

- viii -~

300 m wide x 2 units,
free flow section

5.0 m wide x 28.5 m
high, free flow

section

7.0 m in diameter x
40 m in length x

3 units steel pipe
with gate

48 km

850 nos.
520 kn?

20-year return period

5,400 m3/g
6,000 m3/s

Balat dam and
reservoir

900 m3/§
1,500 m?/s

167,000 ha

55,000 ha
44,000 ha

Paddy
Double cropping

4.2 ton/ha in off
season
3.8 ton/ha in main

season




Farming practice

Tractor

Combine
Rice mill

Required number of labourer

Irrigation system

Pumping station

Irrigation canal

- Main canal

- Secondary canal
- Tertiary canal

Drainage system

Existing channel improvement
Lateral drain

Sub lateral drain
Related structures

Farm road network

Farm road
On~farm road

Related structures

Resettlement

Land acquisition

Hydro Péwer

Power Generation

Maximim out put
Annual out put

Power station

Maximum discharge
Power. house

Generating equipment

Turbine

Generator

Transmission line

- ix -

Mechanized large
scale

750 units

250 units

6 ton/hr x 11 places
4,000

Inelined mixed flow
type: 23 nos.

158 km, earth canal
461 km, earth canal
2,244 km, earth canal

88 km
231 km, earth canal

1,122 km, earth canal
645 nos.

635 km, gravel metaled:
935 km, non-metaled

27 nos.
4,000 Household

4,700 ha

31,500 kW
168 x 106 yy

450 m3/s

20 m wide x 48 m
length x 35 m high =
Semi~underground type

3 units x 10,500 kW,
tubuler type

-3 units x-ll,OOO kVA

3-phase horizontal
shaft generator

100 km in total,
132 kv
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1.1

CHAPTER 1 INTRODUCTION

PROJECT HISTORY

The vast natural resources scarcely tapped for
countless centuries in the past in the Kinabatangan River
Basin in the State of Sabah, Malaysia began attracting
serious attention of both the State Government and the
Federal Government since the latter part of the 1970's.

While various development programmes are being laid out
for the future, a flood control and water resources deve-
lopment plan is the prerequisite for an orderly development
of the Kinabatangan River Basin,

Under these circumstances, the Government of Malaysia
proposed to the Government of Japan, in 1979, the implemen-
tation 6f a masterpldn study for comprehensive water resour-—
ces development in the East Coast of Sabah, including -
Kinabatangan River Basin. To this proposal, the Government
of Japan duly agreed to comply with. Subsequently, however,
the scope of the proposed masterplan study was :included in
the Natlonal Water Resources Study, under the. mutual
agreement between the two Governments, to cover the whole
Malaysia, inclusive of Sabah. Eventually, Japanese’
Government dispatched a survey team for the National Water
Resources Study through the Japan International Cooperation
Agency (JICA) in 1980,

In the meanwhile, the Govefnment of.Malaysié, belng

eager. to expedite the realization of the Kinabatangan River

Basin Development, requested the Government of Japan for a
dispatch of another survey team to conduct a pre—feasibility
study of the said project.



1.2

1.2.1

1.2.2

OUTLINE OF THE STUDY

Obdiective of the Study

The objective of the study which was agreed upon by and
between the Government of Malaysia and the Government of
Japan is to. conduct a pre—feasibility study on the
Kinabatangan River Basln Development Project, more specifi-
cally, the preparation of an outline development plan for
flood prone area in the Kinabatangan River Basin.

Scope of the Study
The scope of the study is as follows:

- Study om potential water rescurces and agricultural
viability in the Kinabatangan River Basin,

— Planning and comparative study of proposed dams and
reservolirs,

— Planning and study on flood control schemes, and

= Planning and'study on water resources development
including hydro power and agricultural development.

This study 1is conducted in two stages: the first stage
lasted for three and a half months and the second stage for
seven months., The first stage study covered the agri-
cultural viability in the Kinabatangan River Baisn and com-
parative studies of the proposed dams and reservoirs. In
the second stage, the project was formulated on the basis of
the results of the topographic survey and geologic investi~
gation which have been conducted by the authorities comn-
cerned of Government of Malaysia.

The results of the investigation and studies were pre—
sented in the report of the following two separate volumes:

(1) Main Report

(2) Supporting Report; Hydrology, Geology, Dam, Flood
Control, Agriculture and Irrigation, Hydro Power,
Socio-Economic Background and Project Economy.




2.1

CHAPTER 11  GENERAL BACKGROUND
SOCIO-EGONOMIC BACKGROUND

The New Economic Policy (NEP) of Malaysia aims at the
poverty eradication and restructuring of the Malaysian
soclety, For the attainment of the objective,-Outline
Perspective Plan (OPP) with a long~term (1971-90) develop-
ment framework was set forth, The ultimate aim behind these
two-pronged objectives 1s the creation of a united, secure,
socially just, economically equitable and progressive
soclety.

The first decade of the OPP (1971~80) wds a period of
rapid economic growth and structural change in Malaysia.

The Fourth Malaysia Plan (FMP), 1981-85, inaugurates
the second decade of the OPP, It recites policy measures
and programmes embodied in the Second and Third Malaysia
Plans (SMP and TMP) to ensure that the soclo-economic objec~
tives of the NEP are achieved.

In Sébah, since the beginning of the Five~Year Malaysia
Plan, concrete steps have been taking to diversify its eco-
nomy . (Refer to Table 2-1)

The First Malaysia Plan (Sabah, 1966-70) was largely
oriented toward sclving the soclo-economic: problems of the
State and principally aimed at economic growth (7.5% annual

‘growth in Gross Domestie Product), reduction of social and

economic inequalitiles, provision of more economic and
gsocial services and the development of human resources,

The entry of Malaysla into the period of Second
Malaysia Plan (1971~75) marked a change in the emphasis of
the objectives of the NEP toward poverty eradication and the
restructuring of soclety. As a member of the national"
soclety, Sabah's development programmes reflect the national
goals and objectives, but with modifications to better suit
its specific kinds of problem and different state of deve-~

"lopment,

During the period of the SMP, the State of Sabah whose

 ghare of Gross Domestic Product (GDP) was only 7.2% of the

national total in 1970, achieved during the same period a
growth of GDP by 50.1% at an annual rate of 8.5%.

Under the TMP (1976-80), the Federation was expected to
gain 50.7% increase of its GDP at.an annual rate of 8.5%,
while the planned increment of Sabah's.GDP was expected at
43,8% at an annual rate of 7. 5%, its share in the whole
Malaysian GDP in 1980 would yet remain at- 7.5%.



For the Fourth Malaysia Plan period, Sabah is planning
to spend development expenditure of M33,172,4 million. Of
this, M51,845.6 million (58,2 percent) is to come from the

Federal Government, M$1,230.0 million (38.8 percent) from
the State Government and M$96.7 million (3.0 percent) to be

financed by State statutory bodies from their own funds.

The principal development strategies are directed at
agricultural and rural development, achieving self-

sufficlency 1n food production, industrial development
ensuring adequate manpower supply and increasing labour pro-
ductivity, increased Bumiputra participation in commerce and
industry, and infrastructural development.,

The economic growth in Sabah has been remarkable in
recent years, but its economy is infested by a structural
lopsidedness which has so far inhibited expansion of its
share in the Malaysian economic prosperity. Firstly, it has
been heavily -dependent on a few products originating in the
primary sector which have been mainly exported without local
processing and, therefore, creating little added-value.
Secondly, it inherits the dualistic economic structure as
represented by the fact that while modernized manufacturing,
commerce and estates are being developed, the traditiomal
small holders remain to form a large proportion of the lower
income groups. :

A shift from heavy dependence on primary economic sec-
tors will have te he attained, to a considerable extent, by
means of developing processing industries of agricultural
and forestry products. The State of Sabah has to drive at
promotion of processing industries to get higher added-
value. However, the development of agriculture by

increasing productivity and by expanding new lands should
not be set aside in order to support the agricultural pro-

cessing industries and to meet increasing leocal demand for
‘foodstuff,




2.2 PROJECT BACKGROUND

The annual precipitation in the Kinabatangan River Basin
is as high as 2,500-3,000 mm. The gradient of the river
course 1s approximately 1/15,000 from its estuary to Kuamut
for a distance of 300 km, DExtremely gentle river gradient

and high precipitation combined, the riparian area of the
River suffers every year from minor flooding and the

‘ lowlands in the Basin are habitually inundated during rainy

§§ season. Flood control scheme, therefore, is the prere-
quisite for smooth implementation of future development plan
in the project area.

The vast land of the Basin, up to 99% of whiecl is
covered by the forests including scrub forest, swamp- and
wetland-forest, has been least developed as will be known
from the negligible percentage of its agricultural land that
is merely 0.5% of the whole. ©On the other hand, Sabah had
to import in 1978 about 63,000 tons of rice which repre-
sented some 54% of the total requirements. Since the
Government is considering that rice consists of the strate-
gic crop and is intending to achleve a high degree of food
self-sufficiency in terms of an increased paddy production,
the flood prone area is awaiting appropriate flood control
and irrigation schemes to be undertaken in order to fulfill
the Government's wishes for food self-sufficiency.

_ 8abah Electricity Board (SEB} has been successfully
_catering to the incremental demand for electricity both in
the urban area and the rural area, to meet the felt needs
amplified by an increasing number of consuming citizens in
the former, and to help raising the standard of liviang of
the rural population in line with the NEP in the latter. In
anticipation of the further price hikes of fuel oil on which
the SEB has been entirely dependent for power generation, :
serious efforts are being exhausted to find alternative

energles, among which hydro power is given a top priority.

o

¢
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The State of Sabah, with a strong desire for realiza-
tion of the basin development, thus has full justification
for its persistent efforts to develop the Kinabatangan River
Basin. :




3.1
3.1.1

3.1.2

CHAETER III  PRESENT CONDITION OF THE PROJECT AREA
GEOGRAPHICAL CONDITION
Location and Topography

The Kinabatangan River Basin covers a greater part of
Kinabatangan District, one of the three districts of

Sandakan Residency, on the East Coast of Sabah State. Its

location is shown in the General Map attached to this
raport.

The Kinabatangaun River with a catchment area of
16,800 km? gprains the eastern part of Sabah State, which is

demarcated within 4°30" - 5°45' North Latitude and 116°25'
118°40" East Longitude. The main stream of the river has

its source in the Witti and Trus Madi ranges, both of which
are branching out from the Crocker Range the physical spine
of the State, The length of the River is about 560 km.

Climate

Sabah 1s located in tropical climate zone. It is
situated in the midst of the Southeast Asia monsoon area.
The northeast monsoon begins in November and lasts until
March, and the southwest monsocon prevails from May until
August, Generally speaking, the southwest monsoon brings
rainy season to the west coast and the northeast monsoon
brings that to the east coast.

Rainfall

There are being maintained 28 rainfall stations in and

around the Kinabatangan River Basin. According to the
existing rainfall data, yearly rainfall is as much as 2,500

to 3,000 mm,

Temperature and Humidity

Temperature and humidity are observed at 4 stations.
The highest dally mean temperature occurs in May. The dif-

ference in daily mean temperature is relatively small
throughout a year, i.e. 27°C at Sandakan in the coastal
side and 25°C at Kuamut in the mountain side. Dally mean
of relative humidity is about 80% : it is almosgt the same

~ throughout a year but is slightly higher at Kuamut om the

mountain side than at Sandakan on the coastal side.

Sunshine and Evaporation

Sunshine hour has been observed at 2 stations and
evaporation at 4 stations. The yearly sunshine hours total
about 2,400 hours and insolation ratio is 27%. The yearly
total evaporation ranges from 1,500 to 1,800 mm, and the

maximum monthly evaporation reaches 150-170 mm in April to
June. .




3.1.3 PRun-off, Sediment and Flood
Run-off

There are 4 water stage gauging statloms in the pro-
ject area; namely, Ulu Kuamut, Tangkulap, Balat and Barik
Manis, Ulu Kuamut and Tangkulap stations were established
in 1969, Balat in 1978 and Barlk Manis in 1979, Water
stage observation has been conducted at each station since
their establishment. Discharge measurement has also been
conducted at each of these stations, and the data except
those obtained at Barik Manis which comes under tidal
influences, have already been ilncorporated into the
discharge rating curves by the Drainage and Irrigation
Department (DID).

The daily mean discharge at Tangkulap is about

200 w3 /s during the ten years from 1970 toe 1979 (refer to
Fig. 3-1). The discharge at Balat is estimated at 350 m 3/s
when the figure at Tangkulap is multiplied by the ratio of

catchment area,
§Sdiment

The river water running down the Kinabatangan River
looks brownish, apparently contalning much mud and fine
sand, and its sediment load consists mostly of wash and

e suspended loads. The yearly amount of sediment load at

e Tangkulap, as estimated from the sediment load observation
data by DID, would be approximdtely 0, 86 x 10% o /year, and
the specific sediment load, 140 m /km /year.

Flood

The big floods recently occurred in 1963, 1968, 1971
and 1981. During each flood, inundation lasted for about
one month, which makes the project area unutilizable°
Although accurate hydrological data are not sufficiently
avallable, the 1963 flood is deemed to be the biggest. The
biggest flood during these ten years occurred in February
1971, when the maximum daily mean discharge reached

3,020 m /s at Tangkulap, and 5,250 m3/s at Balat.
3.1.4 Tidal Stage

Tidal stage of the Sulu Sea is being recorded at the
Sandakan Port gauging station. The tidal stage fluctuates
with an amplitude of 40 cm at low water springs and 150 cm
at high water springs.

3.1.5 Geology

_ Sedimentary r0cks with less distribution of igneous
rocks and crystaline basement rocks spread all over the
Sabah State. They are covered by surface deposits.



Sedimentary rocks consist of sandstone, siltstone,
mudstone, shale, conglomerate, chert, limestone and toff,
ranging in geologic age from Cretaceous, Mesozoic to
Pliocene in Tertiary, Cenozoic. Ipgneocus rocks and
crystalline basement rocks are sporadically distributed and
consist of granite, diorite, gabbro, andesite, basalt,
ultra-mafic rocks and some kinds of metamorphic rocks,
ranging in geologic age from Triassic and/or older to
Quaternary, - Surface deposits consist of gravel, sand,
g1lt, clay and peat in Alluvium and Diluvium of the
Quaternary, being distributed along the river as well as in
and around delta and internal basin. Most of the rocks in
the Kinabatangan River Basin belong to geologic age of
Neogene in the Tertiary and are younger than those distri-
buted in the other area. They consist mainly of sandstone,
shale, mud-stone, their alternating beds and less
limestone, conglomerate, chert, aplite, igneous rock, and
crystalline basement rocks. These rocks are more or less
affected by many faults and folds. '

Soils and Land Capability

According to the reports/1l, the Kinabatangan River Basin
‘holds very extensive agricultural soils, which have been
clagsified into five groups from their agricultural suita-
bility. Group 1 soils which have no limitation for agri-
cultural development does not occur ia the Kinabatangan
River Basin. Group 2 soils with high potential for agri-
culture and Group 3 soils with moderate potential have a %%
wide distribution in the Basin. The other two classifica-
tions, Group 4 and Group 5 soils, are not suitable for
agriculture, the former being intended for mining and the
latter having neo practical use.

About half area of the land in the middle and lower
reaches of the Kinabatangan River Basin is covered by the
s0lls which belong to Group 2 and Group 3. (Refer to Fig..
3-23.

/1 "Land Resources Study, the Soil of Sabah, Veol. 2,
Sandakan and Kinabatangan Districts”, and "Land
Capability Classification of Sabah, Vol. 2, the
Sandakan Residency Maps”™



River

River Basin

The upper Kinabatangan River is named the Milian River
while it is flowing down through the mountainous area being
joined by many tributaries before it meets the Kuamut River
at Kampung Kuamutj; the catchment areas of the Milian and

the Kuamut are 6,825 km? ,4n4 3,140 kng respectively, The
River flows down in the midst of the Basin absorbing the

_ Lokan River and the other tributarles before draining into

the Sulu Sea. Numerous tributaries are contributing to
make the Kinabatangan River a mighty river which may be
likened to a trunk of a giant tree with countless branches
(refer to Fig. 3-3).

For a distance of 300 km from the mouth of the river,
the riparian area is generally flat within the range of
15 m above mean sea level {M.S5.L). Remarkable meandering
in the middle and the lower reaches helped devéloping an
extensive alluvial plain due to sedimentation. At the
estuary is extending a vast deltalc zone through which
several channels branching off from the River are running
down towards the sea. The gradient of the Kinabatangan
River 1s extremely mild in the lower reaches being esti-
mated around 1:15,000.

River Channel

The actual river length measured along the meandering

course indicates an incremented rate of about 1.5 times
that of the straight reaches.

The cross-section presents mostly single cross—section

‘of a natural eroded valley with its banks rising about 10 m

above the river bed. Sectional river gradlent appears to
be about 1/10,000 in the stretch from Balat to Bukit
Garam/Barik Manis, 1/15,000 from Bukit Garam to Sukau, and
1/20,000 from Sukau to the estuary, and the river width
ranges from 150 m to 200 m as illustrated in Fig. 3-4.

The minimum and average values of the channel flow
capacity along the river course are estimated at 1,500 m3/g
and 1,800 m /s, respectiveiy. The distribution of flow
capacity is given in Fig. 3-5.

Flood Damages

Floods occur almost every year in the Kinabatangan
River Basin.  Once in several years, a large-scale flood
causes loss of life with considerable damages to the
houses, crops and fowls. Therefore, they give great damage

"and much inconvenience to inhabitants of the Basin.

Although the actual conditions of the flood damage can

not be exactly known due to a lack of record, it is said



that the flood in 1963 was the bijggest in the past few
decades and lasted more than one month.

Acéording to the comparably well-recorded data during
the recent ten odd years, flood damage 1n January 1968 was

the biggest, i.e. 8,000 people affected, 193 houses washed
away and 700 houses damaged. (Refer to Table 3-1),

The Inundation area of fhe'20—year'flood with

digcharge of 6,000 m3/s at Balik Manis is estimated.at
107,000 ha, as illustrated in Fig. 3-6.

....10—-




3.2

302.1

3.2.2

3.2.3

AGRICULTURAL CONDITION
Present Land Use

The area of Kinabatangan District is 4,537,075 acres.

(1,814,830 ha) in total. Out of which, more than 99%:is

occupied by forest, swamp and others, and: remaining

0.52% only 1s cultivated as the farming land. . In the culti«
vated area of 23,624 acres (9,450 ha), about 73% is planted by
tree crops such as rubber, oil palm, coconuts and cacao, and
about  14% is covered by hill paddy In the shifting cultiva-
tion as shown in Table 3- 2.

The project area is mostly'covered by secondary forest
which is growing on the alluvial and peat-soils.. Only
about one percent or less of the land is being utilized as
the cultivation area at the present,

With regard to the agricultural production in the pro-
ject area, ‘little can be sald except rattan ‘cultivation and

paddy pilot farm in a small scale.
Agricultural Setting

Agricultural activities in the District have g0 far
been extremely restrained, mainly due to a lack of
infrastructure and labour resources. -Agricultural activi-
ties undertaken in the District may be broadly categorized
into}

1) Estate farming ' :

2) Primitive shifting cultivation _ ' '

3) Small holding subsistance-—cum-marketing farming
known as. 'mixed horticultural', and

4) Government—sponsored minor schemes for improvement
of the above 2} and 3) -

In terus of the'sizes of thefland-ahd technology put
under respective use, estate farming and shifting cultiva-
tion represent the characteristic features of the agri—'
culture in the Klnabatangan River Basin.

Preseﬂt Cropping

Acbording'to the estimated cropped area of the Dlstrict

in 1979, ‘the main crops are oil palm, coconuts, rubber,
cacao and paddy. These crops, except paddy, are usually .

planted in medium or large scale esLate farms and harvested

through the year.

“Annual crops such as maize, ‘cagssava, vegetables, -
groundnuts, sweet potatoes etc._are planted in small scale _
at shifting cultivation area and harvested through the year-

for the purposes of self coﬁsumptioﬁ or for loeal market,'

11 =



3.2.4

3.2.5

CHiILL paddy 1s sown directly in: the small scale shifting
cultivation fleld or upland field between August and October
to be harvested during January and March, while wet paddy at
Bukit Garam Pilot Farm 1s sown in the nursery in June and

transplanted in July. It would be harvested in November to

-avold flooding during January or February. (Refar to Fig.
3-7).

Agricultural Production

Crop yieids in the District are estimated'to be
somewhat lower, say about 10 or 20%, than the 5tateé avera-

‘ges, This would be attributable to the smallness in scale

of farming, combined with primitive technology as far as
annual crops and fruits trees. TImmaturity of tree crops

"such. as oil palm and cacao alse helps lower the yield.

Related Sector of Agriculture |
-Livéstock

Livestock farming is centerrlng arouid Sandakan where

marketing facilities are available. 1In the Kinabatangan

District, there is no commercial livestock farming.

Fishing=

There are about 260 fishponds covering about 110 acres
(44" ha) and more than 20,500 fish fry were distributed in
the Residency including the Kinabatangan District in 1979.
The species of the fry are Lampan Jawa, Common Carp, Big

Head, Silver Carp, Grass Carp and Tilapla.

Fbrestry .

As in 1978, 23% of the total forest resetve area and
more than one-fourth of the commercial forest in the State

_ of Sabah were in Lamag Forest Dibtrict in the Kinabatangan

River Basin.

The production of timber in the area has been c¢on-

.tinuously declining since 1973, and it is feared that a

serious limitation of the forest resources may come . to be
felt in the near future. Most of the timber is for export.

-.12 -



3.3

3.3.1

'3:352

SOCIO-ECONOMLC SETTING
Administrative Divisions

‘The administrative division is set up as Kampung
(village), District, Resldency and State in the order of

‘magnitude, Flg, 3~ 8 shows the boundaries of each bivision

except the. Kampungs, which are omitted due to a lack. of
clear démarcation, According to this administrative divi-
sion, the extent of the Kinabatangan District almost coln-
cides with the area of the Kinabatangan River Basin.

By division of forest district, the river basin is
almost entirely covered by the Lamag Forest District, the
remaining. small portion belomging to the Sandakan Forest
District (South).

In addition. to the division of - ‘the area mentioned

above, the Sabah Electricity Board has divided the State
into the East and the West Divisions, in which the

Kinabatangan River Basin belongs to the East.
bemogrephy

.Kinebatangan-Distrief-had a pOpuiatibn of approximately -
29,000 in 1980, and annual growth rate of the population in
the past decade, 1970 to 1980, was approximately 7.6%. This
rate of increase was indeed a high one as compared with the
natural Increase rate in the State of Sabah and Sandakan

Residency which shOWed estimated figures of 5 3z and 5. 5/
respectively, in the same decade.’ : :

The Kinaﬁetangan River Basin is theé most sparsely popu-

‘lated of all in the State, the population density being only

1.6 perSons/kmz,,.These people live in numerous Kampungs
scattered in-the Basin. Family size in the Kinabatangan

‘River Basin is 5.4 persons in 1980 which shows a remarkable

increase ftom 4, 5 persons in 1970.

The- labour force is also absolutely small.- It was more
or less 9,800 in 1980. Most of the people 1iving in the
Kinabatangan River Basin support their Living by forestry
and crop farming, and, among those, some of the people ‘are

: engaged in inland fishery as side job.

" The Kinabatangan River Basin is vast but has a small
population which is composed of diverse communities. -Of
these the Indigenous, especia]ly Orang ‘Sungal is the 1argest
group. consisting 79% in 1970, The Indonesians are the -
‘second’ 1argest group, and the Chinese, though the second
1argest group in the whole Sabah occupied only 3% in the

‘Kinabatangan River Basin, in 1970...
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3.3.3

3.3.4

Water Utilization

it is generally understood that the river water 1s uti*
lized for irrigation water and municipal water. . In the =
riparian area along the Kinabatangan River, though there are
being maintained small scale rainfed paddy fields, no irvi-
gation facility is present exceéept at the pillot farmland at
Bukit Garam, . '

Likewise, there is no municipal water supply system in
the Kinabatangan River Basin. Inhabitants along the river
course depend on the river water for general household use,
and rainfall water is also collected for the same purpose.

Electric Power

_‘ In the State of Sabah, generation, distribution and
control of electric power is all under the management of the
Sabah Electricity Board (SEB) established in'1957.

As of 1978, there wele 12 power stations .(5 major and 7
minor) in urban areas, and 29 small stations in rural areas.
At every station the power is generated_by diesel plant.

At the end of: 1978 about 30/ of the total inhabitants
of the State of Sabah benefitted from the power supply, and
the total’ units_sold per year in. the entire State of Sabah
amounted to-some 250 x 103 MWh. Out of the above total,
about 27% was intended for industry, about 33% for domestic
consumption, and the balance for commercial and public pur-—
poses and others.

Since inter~station transmission grids are mot yet
established, all power stations are serving the respective
neighbouring areas only. However, among cities in’ the West
Division with more population, shorter transmission lines

such as 22 kV line between Kota Kinabalu and Tuaran and
il kV and 6.6 kV line between Kota Kinabalu and Papar are

already in service, And 33'kV_transmision line is installed
along the Labuk road at sandakan in East Division. Also,
the 132 kV and 66 kV transmission line from the Tenom Pangi
power station to Kota Kinabalu (now under construction) will
begin service in 1983. The domestic .current is either in
240 V single phase or 415 kV three-phase, 50Hz, AC.

Location of the power stations and routes:of the major
transmission and the daily load curve in the major citles of
the Fast Coast Division are shown in Figs, 3-9 and 3 10,
respectively.
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3.3.5

Transportation and Telecommunication

Transportation service in the Kinabatangan River
Basin is provided by means of road and river chamnel. The
road network consists of some logging roads and two main
roads which connect Sandakan to Lahad Datu id one direction

and Sandakan to Lukit Garam in ancother direction, though
they are not paved yet.

" ‘River channels play the vital role for transporting the
paSsengers, commodities and the timber which is the prin-
cipal product in the Kinabatangan River Basin.

National carrier, Malaysian Airline Systems, operates

dally services between Kota Kinabalu and Sandakan which is
as far as 90 km from Bukit CGaram. :

_Ocean~going boats also reach Sandakan Port which
handles a large quantity of export timber as the center of
the State's timber 1ndustry.

Sandakan and Bukit Garam are connected by telecom~

munication services under the operation and mailntenance of
the Department of Telecoms.
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ON~GOING DEVELOPMENT PLANS

Under TMP, the State of Sabah planned land development
of 203,346 acres (81,340 ha) which consisted of 126,465
acres (50 586 ha) and 16,881 acres (%0 752 ha) of public and

private sectors, respectively.

In the project a1ea, about: 40/ has been allocated for
the Government development ‘schemes and. another 207 has been
alienated to the private or joint venture estates. = The
remaining 40% of land is not allocated for development,
however, the alienation of remaining lands for private ven-
ture is increasing rapidly.

. Among these allocated and allenated areas, no schemes
except Rattan Development Project by Sabah Forestry
Development Authority (SAFODA) and Paddy Pilot Farm by Paddy
Board are being implemented in the flood prone area due to
habitual floodlng.

Also, a township development named Kota Kinabatangan
and Sandakan-Lahad Datu Road Project including the Batu
Puteh Bridge are the two on-going development projects of

note in and around the project area.
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4.2

45,2.1

CHAPTER IV PROJECT. FORMULATION

GENERAL

For orderly development of the project area, a proper
control of the flooding water is indispensable. To attain

‘this purpose, it is essential to construct dam’'in the upper
-or the middle reachés of the Kinabatangan River, as a result

of which the benefitted area which is relleved from flooding
can be expected to develop for agricultural purpose and
likewise hydro power generatlon can be developed to support
the incremental demand in the east division.

"In this connection, the dam whose construction is pro-
posed at Balat, middle reaches of the Kinabatangan River,
will be designed as a multi-purpose dam to support the deve-
lopment plans in the project area which consist of flood
control, agricultural development and hydro power genera—
tion.

The storage capacity to bé.developed will be allocated
for the purpose of flood control and irrigation.

_Flood-control plan by means of the reéservoir will be
formulated in order to mitigate the flood damage, and to
enhance the productivity of the flood prone area.

~ Agricultural development plan for the area will be for—
mulated basically to incréase the agricultural production,
especlally in line with the policy of self-sufficiency for
food crops, through utilization of water resources developed

‘by the proposed reservoir.

_ A hydro power generation plan by utilizing the water
head to be created by the proposed dam will be formulated

considering the incremental ‘demand of the power in the
future.

OUTLINE OF DEVELOPMENT SCHEME
Role of the Flocd Prone Area of the Kinabatangan River Basin

In line with the contéxt of the NEP, the development

: policy objectives under the FMP are mostly directed to the

agricultural sector as it 18 now the dominant: sector and
will continue to be a mainstay in the State's economy for

" the decade.

For agricultural development two. approaches are- being
proposed., One is an intensive approach called in situ deve-

'flopment designed to improve infrastructure in the existing

rural ‘areas to enable farmers increase their productivity -

- witheut moving into unfamiliar area for resettlement,

Another is the resettlement sgheme.which aims at opening up -
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4.2.2

4!2.3

“of new land to achieve higher income with better crops on

scale of economy and an equitable distribution of the 1and
resources to the rural POOYT.

Judging from the present distribution of the popula-
tion, pattern of land ownership and stage of infrastructural
development in the State, the latter approach is believed to
be best applicable to the Divisions of Sandakan and Tawau
where there still is abundant open land suitable not only
for paddy but also for other promising crops. Particularly,
the flood prone area of the Kinabatangan River Bagin is con-
sidered to be the only and best area left untouched for
paddy productlcn in the State, where there ‘is huge potential
to make up for current production deficit of rice and to
produce marketable surplus to outside country. in the future
along the line of the State export crop diversification
Programme. '

Development Constraint of the Flood Prone Area

The project area has such major problems as the
flooding from the Kinabatangan River and the shortage of
labour force which hamper development of the area, as

follows:

1) The Kinabatangan River inflicts the areas.with
regular flood damage which has resulted in
deterring development not withstanding an avallabi-
lity of vast flat areas.

2) The populatinon déensity remains only 1.6
persons/kn? yhich is extremely 13& while the
State's average is 15 persons/km“, though the popu-
lation has grown at 7.6% per annum in the past
decade during which the State-average was 5.3%.

Basic Considerations for Development .

Now that the bigge%t asset of the State- i e., the
forest resources tend to dwindle away rapidly, it is proper
for the State to pay speclal attention to the Kinabatangan
River Basin, especially to the flood prone areas, in view of
positively utilizing the resources endowed there for a
sustained growth of the State's econony.

Thus the basic issues to be considered are:

1) To develop flood free arable land to its maximum
extent at the minimum cost through flood control
measure. - : '

.2). To give the highest priority to rice crop produc-

tion to cope with the national and State policy of
food self-sufficiency.
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To introduce mechaﬁized farming in parallel with
modern estate management system to cover perpetual
shortage of labour and, simultaneousaly, to achieve

the highest labour productivity to win over an
J_nternational competition,

To develop hydro power-primarily for suppiying to
the east coast area and to rteduce absolute depen—
dence on fuel 0il for power generation.

To induce agro-based industries to earn higher
added value. :
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4.3.1

4.3'2

DAM AND RESERVOIR
Required Function of the Proposed Reservolr

As for the planning of dam and resarvolr, the items for
primary counsideration will be as follows:

1) Flood Control

The magnitude of flood contrel in the Kinabatangan
River Basin is proposed to be a 20-year return
period, In due consideration of flood control scale
of the rivers in Malaysia. The project area will
be free from the damage of the flood not bigger
“than a 20-year return period.

2) Water Requirement

Water to be developed by the proposed dam will be
utilized for irrigation purpose during dry season.

Water requirement in the irrigable area will be
estimated on the basis of flow regime which is
equivalent to the 5~year return period. The
storage capacity will have an allocation for the
irrigation'purpose.

3) Hydro Power

The storage capacity will have no specifi¢ alloca~
tion for the purpose of hydro power generation, as
run-of-river type is adopted for power generation.

Damsite Selection

‘Thirteen possible damsites located in the Kinabatangan
River Basin have been selected threugh the study of the
topographic maps, scale 1 : 50,000, and aerial photographs.
The location and features of the selected damsites are shown
in Fig. 4~1 and Table 4-1 respectively.

From amohg the thirteen possible damsites; thtee dam—
sites i.e., Balat, Deramakot and Milian-Kuamut have been

chosen on the basis of the following criteria and by con-

sidering the storage capacity required in the benefitted

ared.

- High economicality: Ratio of effective storage
capacity.per-dam body volume is higher.

- High flobd:cbntrol efficlency: The_catchmeht-area
governed by the dam-reservoir is larger.

The detailed comparative‘stﬁdy was- conducted among the

three damsites on the economical viewpoint 'as shown in
Table 4~2.
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Finally, Balat has been selected as the optimum damsite
of the project.

_Topographical,‘geological and soclal conditions of the
proposed Balat dam are as follows:

- 'Topographical conditions

Balat is.situated in ‘about: 260 km upstream - fr0m the
estuary just near Kpg. Balat.

. On thé left éide of the Kinabatangan River at the

‘damsite i1s a hill with a relatively steep slope.
Conversely, a very gentle slope can be observed on

the right side. TFour small valleys are found on the
right side also. :

The longitudinal section of the dam suggests that as
soon as itg crest exceeds EL. 60 m or so,: an abrupt

increase in dam body volume will be required.
- Geological conditions

Bedrocks such as zandstone and mudstone are found at
both sides of the river, all of which were formed -
in the geological age of Oligocene to Miocene in the
Tertiary. And Alluvium in the Quarternary, which is

composed of very thick sedlments, covers these
bedrocks along the present river and other valleys.
The stratigraphic eross section of the Alluvium
.reveals, in descending order, 1ayers of silt, clay,
sand and gravel.

~ From the viewpoint of geology, congtruction of a
very high dam does not seem feasible.

- Social aspect

Though data so far avallable are not sufficient
enough to allow proper evaluation, in the case a
reservoir stage exceeds high water level of around
.EL. 50 m, the number of submergible houses will be
increasing, which is tremendous impact on the
welfare of the inhabitants now living in the sub-
merged area. Distribution of the submergible-

Kampungs is shown in Fig. 4-2,

4,3,3 Proposed Scale of Balat Dam and Reservoir

_ : The proposed scale of the dam and reservoir is deter—
" mined after comparison of the dam and other alternatives to
fulfill the . purpose of the project.

© As described in the followings, the required storage .

capacities of the respective sectores have been determined.
All of which will be discussed later in the each sector.
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Gross storage capacity
Flood control capacity
Irrigation capacity:
FEffective storage capacity:
Sediment capacity /1
Submerged area /2

%6 s% ss es 08 o8

5% 109 pd
5 x 107 n3
ka

Water stages of the reservoir which correspond to the
storage capacities above are as follows:

Design flood water level :
('DoFsW.Le)

Surcharge water. level :

{S.W.L.) : .
Normal water level :
(N.W.L.) '
Low water level
(L.W.L.)

EL. 43.00 m

| FL. 37.00 m

EL. 17.50 m

FL. 16.50 m

Allocation of storagé capacity'is shown in Fig. 4-4.

The above scale of Balat dam meets the topographicai
geological and social conditions mentioned elsewhere in the

foregoing.

The sediment storage capacity will be estimated on the basisf

_of specific sediment, 200 m /kmz/year.-
. ample safety margin in design criteria has been arrived. at -

This figure with

from both the recorded data on sediment 1oad in this river
and. the projected value of .the Padas River Reservoir on the

west coast area of East. Malaysia.

Refer to Fig. 4~3f
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4.4.3_'Flood Control Measures

FLOOD CONTROIL,

Floed: Control Scale

¥lood discharge on a 20-year return period was employed
for the formulation of the flood control plan in due con>

- gideration of the flood control scales to other rivers in
' MalayQia.

Standaxd Project Flood

The standard project flood discharge has been deter-
mined on the basis of hydrological analysis in the
Kinabatangan River Basin, and also in reference to the spe~
cific discharge of a 20-year return period which has been
taken up in other river basins of Fast Malaysia.- o
Eventually, the standard projeéct flood discharges determined
for the respective sites .of Balat dam, Barik Manis and
Estuary are as followsy

Balat Damsite: §,400 m3/s (Catchment area 10,730 km?)
Barik Manis : 6,000 m /s (Catchment area 12,960 kmz)
Estuary .t 6,000 n3/g (Catctment area 16,800 xm?)

:'The distribution of - standard project flood discharge is
shown in Fig. 4-5.  The flood hydrograph during the flood of

February 1971 was applied for the standard project flood as
illustrated in Fig._4 =6, :

“The flood control measures for mitigating flood damages

' include'

1) dam :
2) floodway : : :
3} river channel improvement 1nclud1ng ring—levee

4) retarding basin

These measures may be adopted either independently or
jointly. After careful study as discribed below, it has
been justified that flood control by means of dam construc-
tion 1s most appropriate. : '

Study Result of Flood Control Meaaure

In the case of the Kinabatangan River, it 1is
topographically extremely difficult to find out an aréa

‘suitable for a retarding basin to control a 20-year return

period flood and also-a floodway works has been found less
advantageous than dam construction or river improvement

_works from the construction cost point of vlew.

Thﬁs the river_improvement and dam construction were

‘nominated as the appropriate flood control measures.
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Further study on the optimum share for the flood
control between dam construction and river improvement was
continued.

As for the relatlonship between the total construction
cost of dam and river improvement and the. discharge at Barik
Manis it has been arrived at that the Kinabatangan River
chanmel should control a discharge of 1,500 m3/s, in view of
striking the most economically balanced combination of dam
construction and river improvement work in the total cost
(refer to Fig. 4-7). Eventually, the discharge of
1,500 m /s colncides the present £low capacity of the
Kinabatangan River. This proves that the flood contro] by
dam construction only is most economical.

Design Flood and Flood Control Storage Capacilty

The design'flood.at the respective sites of Balat dam,
Barik Manis and Esturary are as follows.

Balat damsite : 900 m3/s
Barik Manis 1,500 m3 /s
Estuary : 1,500 m3/s

To regulate the standard project flood of 5,400 m3/s at
Balat damsite to 900 n /s ‘the storage capacity of. 4,665 x
10? o3 will be required in the proposed reservoir.

Figs. 4-5 aud 4-6 also show the design flood discharge
distribution and hydrograph.

Benefit

The flood control benefit is defined'aa.the flood
damage reduction due to implementation of the project, whose
calculation is based on the flood discharge under the with

- and without the project conditions,

Flood damages consist of the dlrect damage, indirect
damage and intangible damage., In this study, only the
direct damages to buildings and the indirect damages are
assessed and evaluateds Furthermore, flood control benefit
is estimated with the cases of existing properties in the

pro_] ect area.

The annual flood control benefit is estimated at US$290
thousand and its breakdown is shown 1dn Table 4-3,
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4.5.2

AGRICULTURAL DEVELOPMENT
Proposged Agpicultﬁrél Development Area

_ :Poténtial area ap?ropriate for agricultural development
in the entire Kinabatangan River Basin has been estimated at

approximately 1,200,000 acres (486,000 ha) which is almost
30% of the entire area of the Basin., (Refer to Fig. 4-8,)

After construction of the dam, total area of 107 000 ha
will be released from the flood in the downstream of the

proposed dam. The area will be consisted by alluvial soils
of 55,000 ha, peat soils of 45,500 ha and river bank portion

-with alluvial soils of 6,500 ha..

As for the peat soil area of 45 500 ha, it is better to
exclude it from the’ development area on the ground that the

. peat soils are generally acidic and sometimes very acidic

and the yields of crops are usually poor,

: 'Therefore; the agricultural dévelopment area has been
decided at 55,000 ha. Excluding unsuitable area such as
small hilly terraces, the scattering swamp and also the

- sites for major irrigation and drainage system and on-farm

facilities, the net cultivation area of 44, 000 ha is
selected. (Refer to Fig. 4-9. )

Selection of Crops

‘There are several factors as described below which need

to be .taken into consideration when suitable.crops are to be

selected for intensive cultivation as the key products for
agricultural development. {Refer to Table 4-4,)

1)  Flood condition A fiobd_bf 20-year return
' ' period
2) Soils and Land - _'-. Ferti1ity:and slopes
capability : T
-3 _Weathef;conditions Rainfall distribution and
' others
4) Productivity _‘-' :deduction éost and net-
: returns -
5) " Labour requirements - Lahoﬁr:shoftage:an& easy

mechanized operations '

6) Marketaﬁility of . deestic-ahd'infernational
: products o ' : . .
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Annual crops are to be selectéd‘on‘the_grounasIthat 1)
the area may be affected by floods of 20-year probabllity

even after the completion of the proposed dam, which might
annihilate such tree crops as oll palm and cacao, and 2) the
Kinabatangan River Basin has extenslve terrace land outside

the project area, which is more suitable for tree crops.

Among anmual crops, paddy is the optimum cholce for the
alluvial soil becauSe.l) it 1s one of a few crops which large
scale mechanization for irrigated farming would be possible
owing to its vast plain and 2) rice has comparatively high
and stable market value. As for the weather conditions such
as temperature and rainfall, most of the above-~mentloned
crops are not affected in the case of crop selectilon.
Temperature and rainfall is enough for growing every kind of
crops throughout a year.

Farming Form

As for the paddy cultivation in the area of 44,000 ha,
the total number of required farming families would be over
22,000 if the area is to be developed by small-holders on the
basis of 5 acres to a family. Allowing 5 persons per family,
the number of persons who could be settled on this paddy
scheme would be over 110,000,

The major handicaps likely to be faced in the develop-
ment of the Kinabatangan plains is the lack of population.

‘Latge scale farming with minimum labour forces will
obtain higher productivity compared to small scale individual
farming owing to scale merit of production. (Refer to Table
4-5.) TFurthermore, the topographical condition of the
project area is very favourable for a large scale mechanized
paddy production.

Therefore, large scale commercial paddy-planting uti-
lizing machinery and ‘a mininum of man—power is proposed under

the project.

In order to ascertain the responsibilities for. the mana-
gement of the project, it is proposed that an efficlent auto-
nomous organization with commercial base production
activities is established for operation and maintenance of

._irrigation and drainage, paddy cultivation, rice processing,

and the sales of agricultural products. The proposed organi-

zation is as shown in Fig. 4-10. .

The agricultural development area will be divided into

‘11 tracts for the convenience of project management and

farming activities based on the capacity of rice mill plant.
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- In each tract branch office, branch workshop and other
facilities will be installed. One of these tracts will be
selected d8 a central tract with head office and other
centralized facilities.

‘The Experiment Pilot_Ferm will be undertaken the tech-
nical support duty including not only farming experiment but
also training of the technical personnel under the project.

Farming and Processing

1)

2) |

Cropping Pattern and gelection of varieties

The following cropping pattern has been selected
from the physiological characteristics of paddy,
meteorological conditions and irrigation water
consumption.

.Erom April to Maj and June, rainfall will increase

gradually. This: produces convenlent conditions of
soil for sowing the first crop (off season). The
harvesting of it should be done by September other-
wise rainfall will increase from October to .

December.

Oeﬁober to December is in turn a very suitable

-season for sowing of the second crop(main season).

The harvesting of the second crop should be underm
taken after March in order to aveid the com-
paratively heavy rainfalil in January and February.

Thus, the first paddy, crop will- take place during
the season of mid April/May to mid August/September
(about 120 days). The second c¢rop would be grown
during the period Octoberlmid November to March/mid
April (about 150 days). - The proposed cropping pat-
tern will be ShOWn in Fig. 4-11. °

At present, two varieties of IRr&Z (135—150 days)

“and MR-7 (115~ -130 days) are reccommendable. These

varieties are highly resistant to blast, :
“Penyakit merah” and bacterial leaf biight. The
yelld would be around 4 tons per hectare and milling
recovery ratio would be 68%. .

;Therefore, MR-7 Would be planted for the first

and 1Rr42 for the second crop..
Proposed Farming Practiees

Full mechanized farming is proposed throughout the
paddy rice: cultivation. As for the farming opera-
tion unit, an area of 400 ha: will be cultivated by
one farming operation- group.? ‘The: operation unit

.will consist of 6 tractors and 2 conbine harvesters

as the prime moved machinery and 25 wmachine opera-—
tors and farm laboure._
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The direct sowing by drill seeders . in saturated con-
dition of farmland is propoged and. after germination

the paddy field will be irxrigated until the mild
" ripening stage of rice. :

Land preparation would be carried out by using 70 HP
_class tractors. Plant protection practices would be
adopted with sprayers :and dusters. Harvesting will
be mechanized by utilization of combine harvesters.

3) Expected Yield:

The target yield of rice in the full operation stage
in each tract will be estimated at 4.2 tons/ha by
the first cropping.(off season) and 3.8 tons/ha by
the second cropping (main season) with the implemen-
tatlon of the project. ‘The paddy production in the
initial stage will increase year after year through
improved field conditions and farming technlques.

: The following table shows the anticipated ylelds
during the built-up period of 5 years.

Ist 2nd 3rd &th 5th

First cropping (off_séason) 2.6 3.0 3.4 3.8 4.2
Second cropping(main season) 2.4 2,8 3.2 3.5 3.8
Total (ton/ha) 5.0 5.8 6.6 7.3 8.0

4) Processing

The paddy produced under the project will be milled
by modern rice mills at the project site Iin order to
improve the milling recovery ratio and to minimize
the transportation cost from the project area to

- Sandakan. The rice mill with milling capacity of 6
tons/hr will be installed in each tract which covers
the area of. around 4, 000 ha, Thus, the rice mills
will be constructed at 11 places in the whole pro-
ject area, {(Refer to Fig., 4-12),

4.5.5 Land Development Plan
1) TLand Reclamation

out of 55,000 ha suitable for agricultural develop-
ment, 48,700 ha which consilsts of 4,700 ha for
acquired land for facilities and 44,000 ha for net
irrigable area (divided into 23 blocks) is to be
‘teclaimed in the flood prone area through the pro-
posed_works-of'jungle clearing,“root'removing and
levellig, (Refer to Fig. 4-12),
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2) Ifrigation System

1)

i1)

Diversion water requirement

The diversion requirement has been estimated
based on the ralnfall pattern and the evaporation
value., The ralnfall pattern adopted is that in
1978 recorded at Kuamut rainfall station
{equivalent to the 5-year probability) and the
evaporation value 1s what has been identified by
the pdn evaporation method.

Required reservolr capacitg allocated for irriga-
tion: ) 0.12 x 109

Design maximum diversion water requirement.
1.772 litres/s/ha

= 78 m3/s/44 000 ha -

Fig. 4-13 shows calculation result of the
required reservoir capacity.

Diversion method

‘After studjing three-different.diversion'mnﬁhods,

i.e., gravity irrigation directly from dam, gra-
vity irrigation from head work, ard pumped irri-
gation from ‘the river, the last. method  that is
the pumped irrigation has been. finally adopted.
According ‘to the preliminary comparative study,
pumped {rrigation system has more than 4 times
advantage on the direct gravity irrigation

- systems from dam and head works in its annual

cost i.e., sum of depreciation and O/M cost. The
proposed flow diagram for the maximum diversiom
requirement 1s illustrated in Fig. 4-l4.

3) Drainage System '

i)

De sign drainage discharge

Drainage facilities have been designed.béSed on
the 144.8 mm of the maximum daily rainfall that
was recorded on 6 February, 1971 at Kuamut

* Rainfall Station; its probability has a 5~year

recurrence,

Design drainage discharge has been esfimafed*

=taking the extent of catchment area,. required

drainage time and run—off coefficlent into

caccount as follows:
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4.5.7

Extarnal érea 1 5.0 1litre/s/ha

Existing canal in the

paddy field t 5,45 litre/s/ha
lLateral drain : 8,4 litre/s/ha
Sub lateral drain : 10,9 litre/s/ha

11) Drainage method

Since design high water level of the river after
regulation by the proposed reservoir is lower
than the elevation of proposed paddy fleld, the
gravity can be adoptable to drain the excess
water from paddy field to the river,

Labour Requirement

Labour requivement for the pfoject in full operation
stage is estimated to be about 4,000 persons.

The project personnel could be classified into 3
categories: 190 of staff and specialist, 580 of skilled per-

sonnel and 3,230 of semi~skilled persoanel.

Among these categories, the staff and specialist group
will need to be the highly experienced personnel in the field
of office management, marketing, company management, and
technology concerning rice production and processing. They
will be recruited from the whole area of the country because
of the high qualification personnels required.

The skilled personnel group will be required enough
experiences in office works and/or workshop such as accoun-

-tant, clerk, mechanics, ete. They could be recrulted from

Sandakan and/or Kota Kinabalu.,

The semi-skilled labour group could be recruited in the
Basin itself after some training for farm machinery opera- -

tion, irrigation farming, processing plant operation etc,

Benefit

At the full operation stage, 239,360 tons of milled rice
and 31,680 tons of rice bran will be produced by the project.

On the basis of the unit prices of rice and rice. bran,
M§1,242/ton and M$417/ton respectively, the gross production

value is estimated at M$310 millions. The net production

value of the project is estiinated to be M$177 millions by
deducting the production cost of M$125 millions (M$2,854/ha)

and damages cost of M$8 millions due to the flooding over a
20-year return periocd from the gross production value.
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The first stage production will be obtained in the 6th
vear from the commencement of project construction, and 15th
year of 1ts will be reached to full production stage of paddy
through stepwise land development., The unit prices of rice
and the annual benefits of this period will be shown in
Tables 4-6 and 4-7. :

_31_.



46
40_6.'1

4‘6.2

- HYDRO POWER DEVELOPMENT

Future Demand and Supply Area

To cope wirh growing power’ demand SEB has been trying
to enhance the existing diesel power station and 1s also - . .
planning to build hydro power and hatural gas power station .
etc.

The future power demand in the whole Sabah State, and
in such major’ cities-as Sandakan, Tawau, Lahad Datu in the
East Division are shown in Table 4-8, o :

Among. these major cities, Sandakan ‘has been’ selected as
the supply area based on the following reasons:

- The nearest- city to the proposed Balat power
station, :

- ' Generated energy of 3.5 % 103 kW at tha power sta-
tion for the future demand at Sandakan of 68.3 x

. 103 KW in 1990.

" Power Generation

Selection of Generating Type

The following three generating types nay be taken - up
for the Balat power station.'

'1) Run—of—river type

2) Regulation pondage type
3) Reservoir type

Our of these three types, the run—of~river types has
been adopted because of economic advantage over the other
twWo. (Refer to Fig. 4-15) :

Power Generatlon

_ To identify the optimum scale of Balat power station,
the discharge ‘duration’ data in 1975, which corresponds to

the ‘average of the years (1970-1979), was adopted. Power
generations cost by use of the run-of-river type facilities:

was calculated for four alternative cases of each instelled
capacitv of. power generator.

. The optimum generating capacity which has ultimately
been selected as the most economical alternative is follows.

!(Refer to Table 4~9)

450 m3/s.

Maximum dlscharge :
Effective head _ ot 8w
Maximum generated output - - 31,500 kW

Annual generated energy 168 x 109 kWh
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4,6.3 Transmissioﬁ Liné

A transmission 1ine from Balat power station to:
Sandakan will be" constructed for a distance of about 100 km
‘along the: proposed ‘access road of Balat dam and the existing
main road ds shown in Fig, 4-16. Generated power will be
conveyed by a 132 kv three-phase, three wire transmission
system.

h.6.4 Benafit =

The value of Bélat hydfo power station is evaluated
based on the cost of the lowest—priced alternative, thermal o
plant. . :

In this study, a gas fired steam station with the capa~
c¢ity of 350 000 kW (/1) will be &dopted for the ‘alternative.
The capacity value and énergy value of the.alternative plant
have been éstimated at US$68/kW. and US$0.019/kWH, respec—
.tively. Annual benefit is ‘estimated at US$ 3.7 million

which consists’ of capacity benefit of US$ 0 7 million and
. energy benefit of US$ 3.0 million, :

g;

'f_ HASTER PLAN FOR.POWER SYSTEM DEVELOPMENT - INTERIH REPORT,
June 1980 SAMA Consortium" : :
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5.1

5.2

5.2.1.

CHAPTER V PRELIMINARY DESIGN
GENERAL
Based on the'optimum”size of the related facilities
which have ‘been studled in Chapter IV, preliminary design

"has been done. The preliminary design discussed in this

chapter includes the. Balat dam and the related facilities,
agricultural facilities, irrigation and drainage facilities.
and hydro power station with transmission line.

-2 o

DAM AND RESERVOIR

“Dam

The Balat dam comprises the main dam and four sub dams.
The main dam which is located on the Kinabatangan River will
be built to shut down the river water and the sub dams
which are situated on the right side of the main dam to
close saddles for storing the reservoir water.

The followings ‘are the'principal features of each dan
which is decided on the basis of the study results mentioned

below and 5.5.2 Spillway,

- Main dam : Sub dam ‘

' No. 1 No. 2 .. No, 3 HNo. 4
Height (@) . 46 16 42 10 26 . &
Length {m) _ - 530 540 550 - . 120 780

Dam volume (m,) 2,150,000 330, 000 1,830,000 20,000 990,000

The ag§regate total volume of these. dams will be
5 320,000 m

GEneral plan, profile and cross'section of the dam and
appurtenant structures are illustrated in Figs. 5-1, 5-2
and 5 3.

Dam Type '

'As for dam type, an earthfill dam w1th a rip-rap slope

was selected for the following reasons:

l)-‘Bedrocks around the damsite. consist of sandstone:
bed and mudstone bed. = Alluvium in Quarternary -

which is composed of very thick sedlment, covers o ég
these bed rocks. Mudstone and Alluvium sediment
cannot withstand a concrete dam. '

2) 'Construction materials for an earthfil] dam are
_ available around the damsite, but it is difficult.
to obtaip rock materials around this ares.
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5929‘#3‘

Freeboard

. The fleeboard of 3.0 m provided above the design flood
water level of 43.0 m is adopted for safety of dam body in

due conslderation of reservolr water level raising caused by'
aving in reservolr, upstream side slope of dam.

Dan Foundation

. Alluvial deposit of more than 36 m deep is present at
the location of the foundation of Balat dam., To cope with
this condition various methods of the ‘dam foundation were

" studied and an impermeable blanket method was adopted as’

economically most advantageous ‘and easier in construction

execution.

Spiliway

The design flood discharge of 15,500 m3/s which
corresponds to probable maximum flood at Balat damsite is

adopted for spillway design., A free overflow type of
spillway was adopted to discharge the flood from the
viewpoint of avoiding the man—made flood and easier main—
tenance of the facilities..-

‘ Taking the topographic conflguratlon of the dam31te in

- consideration, two spillways are required; .one to be located

on the right'side of the main dam, and the other between No.

1 and No, 2 sub dams, The overflow portion of the respec—

tive spillway is 300 m wide and 6 m water depth as shown in
Fig. 5 ?. : . .

Outlet Facilities

‘The two outlet facilities are to be comstructed, the’

‘one 1s to control the flooding . water and the other ‘to main—"

tain Normal Water ‘Level (N.W. L ).

K Both are located in parallel on the Iefﬁnside'of the

: main dam, - The flood control facility is designed for _
¢controlling a 20—year probable flood of 5,400 n3/s down to

900 m3/s, and has a overflow portion of 5.0 m in width and

'28.5 m in depth. The outlet facility to maintain N.W.L. is
"'designed for a dlecharge of 450 m3/3 and consists of three

outlet pipes. (7 m in diameter), each has an emergency gate
and main gate. This facility is also to be utilized for
power generation. (Refer to Fig. 5-4)

Dlversion Works

_ ‘The diversion works are required for construction of
main. dam and No:. 2 sub dam and no diversion works for -

construction of other three sub dams which are loeated in

higher elevated area.
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5.2.5

The diversion works consist of temporary diversion
tunnel and coffer dam. Two different discharges for diver—

sion work design are adopted because of different construc~
tion perLod between of main dam and of No.2 sub dam.

A discharge of 20-year probable of 5, 400 m3/s is
adopted for diversion work design of the main dam and is
diverted by a coffer dam having a crest elevationm of 22 m,
and by two temporary diversion tunnels of.8 m in diameter
and 950 m in extension which are located in parallel below
the left abutment of the main dam. :

A discharge of 5~year probable of 3, 500 m3/s is adopted.

"~ for diversion work design of No.2 sub’ dam and will be

diverted by a coffer dam having a crest elevation of
EL.27 m, the diversion tunnels mentioned above and cutlet

faecillity of the main dam.

Access Road

. The access road for transportation of construction

: ﬁatérials and equipment is to link the damsite to the ‘main

road running between Sandakan and Kota Kinabalu. The length

" of the access road is about 48 km The access road may

require two bridges.
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5.3.1

' _AGRICULTURAL DEVELOPMENT' '

lrrigation and Drainage Facilities

The required facilities are- showr In Table 5-1 and-
typical layout of field structures are iliustrated in

Fig. 5-5..

- Irrigation system

Irrigetion water’ is: supplied by 23 pumping stations.
Fach station is:installed with 3~4 numbers of _
inclined mixed Flow pump of 500-~900 mm diameter. All
irrigation canal has been designed as unlined earth
canal and its canal density is 64 m/ha. Other
~related structures such as secondary and tertiary
canalg, diversion and so on are provided in accor-
dance with the DID Manual.

- Drainage system |
All drainage canal is elanned as unlined earth canal
and its density is 33 m/ha. The sluices with flap

gate are provided at the ends of the main or lateral
drains.

_~ Road network'_

The gravel metaled farm roads and non-metaled on—farm
roads are planned with the density of 14 m/ha and

20 m/ha, respectively, to enable the effective mecha-
nized farming practice.

Farming Facilities

Each farming tract Will require some facilities for
paddy production, the main facilities being office

- buildings, workshops, warehouses, tractor shades, rice
: mills, pillot farm, etc.__

: These facilities will have to. be constructed at compra-~

 tively higher altitude ‘in each tract in. order te avold the

fleod.

"Prcject Office

.. The head office will be constructed as a centre of the
project management, and it will ‘be installed with main

" office spaces, meeting rooms, waiting rooms etca_ The capa-.

city of the office is estimated for about 550 pereonnel.

The branch office with including waitiug room will be
constructed in each tract.
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The éapacity of each branch office will be for about
280 personnel.. The required spaces of head office and
each branch office are as follows. :

Head office ' 1 1,500 m2 1 place
Branch office 600 m2 10 places

WarehGUSé

The warehouse for storing farm inputs and others will
be constructed in each. tract in conjunction with project
office, The. installed capacity of the warehouse will be
about 1,500 tons of fertilizers; 250 tons of chemicals and
other farming materials such as.spare parts of machinery and
lubricating oil.

“Warehouse N 2,500 w? 11 places
Workshop
The workshop will be constfugted in each tfact.for
repair and maintenance of farm machinery and irrigation
pumps.
The workshop fac1lit1es Wlll include machinery tools

for repair and maintenance such as lathe, welding units,

grinding machine, drllllng machlne, alr compressor,
hydraulic press ete.

_:Central'workshop' s 2,000 m2 - 1 place
Braunch workshop T 1,000 m? 30 places

Tractor Shed

The tractor shed for farm machinery will be constructed

in each tract. About 60 tractors, 2 combines and about 150
units of attachments will be accomodated in the shed.

Tractor shade : 2,000 m2 r_.il”placeS‘
Rice Mill .

As for the post hatvest of paddy, the rice mill will be
conatructed in each tract, : '

3,400 m2 11 places
1,000 w? 11 places

680 m? 11 places
6 ton/hr = 11 places

Rice mill building
Storage

Power house
Milling capacity

'

e 43 wn

Others

_ : Among other facilities required shipping wharfs are
indispensahle for transportation purposes.

Shlpping wharf 50 mz_ ' ; 11 plaéeé
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S;3f3 Farm Machinery

As for the farm machinery.of paddy cultivétion, four.
wheel tractors and big combine harvesters will be introduced
as the plime moved machinery,:

Total number of main machinery and its attachment
including some standby units are as follows:

Wheel tractor’ : 600 units'
Crawler tractor : ~150 units
Combine harvester : © 250 units
Disk plough : 250 untts |
Rotavator . : 350 units
Drill seeder : 150 units .
Power. duster : 250 units -
Dump truck L

250 units .

R

=30 -



5.4

Sn!}ol

5.4.2

5.4.3

HYDRO POWER

Power House -

~'The power house is to be constructed on the left side
of the river downstream of the outlet faéility of the pro-
posed Balat dam. Three generators will be accommodated in
the power house which is built with reinforced concrete, 20
m in length, 48 m in width, 20 m above and 15 n below the
ground level.

The power house and water way are illustrated in Fig.
5"6. )

Generating Equipment

Each one of the proposed hydraulic turbines which has
been designed under coéonditions of 150 m /s of discharge each
at 8.4 m design head, will be of bulb type, tubular tur-—
bine .

The selection of the turbines has been made by con-
sidering the under-mentioned items.

Normal water level : EL.17.5 m
Low water level : EL,16.5 m
Normal tall water level : FL., 8.0 m
Effective head : 8.4 n
Head loss : l:lm

Three generators to be provided for the power station .
will be of horizontal shaft, and rated at 11,000 kVA, 3
phase 50 Hz. each. :

Transmission Liqe

_'The_steel tower for the 132'kV transmission line will
be-installed at every 250 m, for a distance of about 100 km
between Balat power station and Sandakan. The conductor

selected is 160 mm? Aluminum Cable Steel Reinforced "(AGSR)
considering corona discharge.
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CHAPTER VI CONSTRUCTION SCHEDULE AND COST

. GENERAL

" In this Chapter, construction schedulé and cost as to
dam, agricultural facilitiea and hydro power, will be
described.

In working out these construction plans, careful con-
sideration of and evaluation with such itens as the local
availability of construction machinery ‘and material, their

‘prices, the facilities and capability for vepairing of the

machinery and equipment. to be mobilized for construction
works, the conveniences of thelr transport to the job sites,

and other necessary items relevant to construction work has

been made.

. Lumbers, bricks, stones, fuels and oils which are
necessary as the construction materials in general are

almost entirely obtainable 1ocally, but the structual steel,
iron/steelpipes, water ‘gateés, valves and other materials

which need to be of high ‘precision and good quality will

:‘have to be imported. Cement 1s partly imported and partly
purchased 1ocally. ' . . : _

Construction schedules proposed in this report are
those which have been worked out essentially from the tech—

nical viewpoints and, therefore, it is necessary to review
then from the standpoint of actual implementation: and to

- make some amendment or alternation.

DAM

ConStruction Schedule

'Construction schedule of the main work of Balat dam
will follow the stages as mentioned below, ' :

Diversion Work Octi. 1985 - Mar. 1987

- Coffer Dam ;- Apr. 1987 - Sep. 1988 -
- Outlet Facilities : Jan. -1987 ~—. June 1990
-~ Maind Dam : Oct. 1988 ~ Dec. 1990
-~ Sub Dam : Jan. 1990 ~ Jun. 1992
- Spillway . : Jan. 1988 =~ Jun. 1992

An entite cbnSttuction peried'co#e:ing all etagea above
will be for 10'vears-and is shown'in Fig.'6-1;' o P

While Lhe excavation work will be continuously done all
through the vear, embankment and concrete works will be done

‘exrept ralny days (above 20 mm daily rainfall) and holidays.
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6.2.2 Cost Estimate

Construction Coat

- Total construction cOSt of Balat dam éompiises ﬁain
civil works, land acquisition, engineering cost plus 10/
physical contingenciesa :

The total cost will be US$201 million, out of which
08597 million is in foreign currency and US$104 million in
local currency.

The construction cost by kind ‘of works 1s shown in
' Table 6 ~1. :

Operation, ‘Maintenance an&'Replacément'Cost-

The dam operation and maintenance cost will comprise
the personrel cost, operational machinery and equipment,
vehicles, boats, administrative cost and miscellaneous. . As
an.annual operation and maintenance cost for the whole
period of the project life, US$0.15 million is estimated.
Replacement cost of the gates after 35 years from the ini-

" tial dam operation is US$7 & million.
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6.3

6.3.1

6.3.2

AGRICULTURAL DEVELOPMENT
Construciion Schedule
As‘fofﬂthe conétruction schedule of the nét cultivation

area of 44,000 ha, a rapid development schedule was adopted
from the economic view point and the paddy could be planted

:ag early as technically possible following protection from

flood damage through dam construction.

During the dam construction period, paddy cultivation
in the off-season will be possible without any £lood control
measure because the habitual flood will occur only in main
seasons. '

Therefore,‘single cropping in the off season will be:

’ implemented t111 1993 year when the Balat dam construction
“is completed, and after completion of the dam, double

cropping will be implemented as projected.

“To. fully develop the net cultivation area’ at time of-
the completlon of Balat dam, an entire construction period .
for agricultural development excluding the detailed design
phase will be at least 8 years. The construction schedule

'covering all the stages 1s shown in Fig. 6-1.

- The net development area. will be divided into 7-por-

‘tions for steépwise development, - Each portion will be deve~

loped within three years including jungle clearig, land
levelling, construction of pumping stations, office and rice_

_mill buildings etc. .in order.

=Cost Estimate

Construction Cost

i Total construction cost comprises agricu]tral develop—“A
ment, resettlement, land acquisition, engineering cost plus

- 10% physical contingencies.-

The total cost will be US$460 million, out of which ,
Us$280 million is in foreign currency and US$180 million in

local currency.'

The construction cost by kind of works is shown in’

'--Table 6-2.

-Production Gost'-

Production cost including operation and maintenance
comprises . nécessary input for the cultivation, labour force

-fuel, spare parts, etc. ’

As an- annual production cost for the whole period of

-~ the project life, US$54 6 million is’ estimated.
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6.b.1

6.ha2

Replacement'Ccet

: The equipment and machinery to. be replaced consist of
pumps, gates, rice mills, farm machinery, equlpments for :

operation and maintenance.=

. Total replacement cost for entire’ period of prOJect
life is estimated at US$685 1 million. :

'HYDRO P_OWER .

Construction Schedule .

The comméncement of commercial operation of power

‘_generation is scheduled simultaneously with the completion
of the dam consrruction." :

- Construction schedule:oi'pcwer station is formed
faking time required for the following mattere into con-
eideration. : .

l

Manufacture of powar generating equipment o _
Transportation of the equipment to the project eite.‘ :
Installatioun of the equipment o
Construction of outlet facility of main dam.

The total. time required for the above is estimated at 3'_
years.. The commencement - of ‘the construction of transmission

"1ines will ‘be in time with the completion of inetellation of

the power generating equipment at the proposed site. .

The constructien schedule ie shown in-Pig.'G—l.

Cost:Estimate

'ConetructionfCost. ‘

The construetion cost for the hydro power generation
comprises station house, civil works, generating equipment,

-transmission Iine, engineering cost plue 10z physical con-
'tingencies. S . _ -

The total cost of US$4O 3 million coneiets of US$34 1

-million in foreign currency and’ US$6 2 million in local

currency.

" The breakdOWn of the construction cost is shown in
Table 6 3.

'.Operetion, Maintenance and Replacement Cost

The operation and maintenance coet will comprise ‘the’
perscnnel cogt; operation of machinery and equipment
vehicles, administrative;cost and miecellaneous. The annual
operation and maintenance cost is estimated at US$0.80

 millionm for ‘the whole period of’ the project life.

Replacement cost of.the generating equipment after 35 years
from the initial operation is US$19 million.‘
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RESETTLEMFNT LAND ACQUISITION AND HOUSE EVACUATION

' Resettlement

The resettlement scheme will be required for the
follow1ng background : :

1) The area where 850 houses are’ located will. be sub—
merged by dam construction. Consequently the inha~
bitants in the area must be resettled.:

T 2) 4,000 labour forces Which consists of 770 skilled

' 'and 3,230 semi-skilled labourers will be needad for
- the management and operation of agricultural pro-
ject proposed in this project. And zll of them
-will be settled

In this study, 770 skilled labourers are assumed to be

-.‘“settled from Kota Kinabalu, while 3,230 semi-skilled -
- labourerg will be raised from: amongst the settlers from sub-

mergible area of Balat ‘dam and the inhabitants of other
areas in the- Kinabatangan River Besin. o

The required facilities for resettlement consist of i)

"settler's housing including quarters for management and

administration staff, ii) schdol, hospital, mosque, and

:_shops, 111) transportation, and iv) electric power supply

fasility.:

The resettlement cost is estimated at US$16 4 million.

' Land Acquisition

The 1and of 520 kmz 1n the submergible area must be

_acquired for implementation of the progect.

Moreover, acquisition of land meant for: roads and irri-.

'gation facilities provided in the: agricultural development

area 1s necessary. . The area to be acquired emount to BZ ofﬁ

: the total agricultural development ared.

The ‘cost required for land acquisition is estimated at

US$ 32 2 million in total.

;House~Evacuation

In the'submergible area,'the“number of ﬁouses:to'be

:_ evacuated is estimated at 850, The house evacuation cost is.
' estimated at US$1 1 million.
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7.1

7.2

CHAPTER VII PROJECT EVALUATION
CENERAL

- This. chapter deels with the economic evaluation of the
project. -The project would substantially reduce flood

~damage by construction of the dam and increase the agri-
“eultural production through the conversion of the present

f]ood prone area to agricultural use. Hydro power sector
which will support the demand in.Sandakan city would be
taken into consideratlon in the project.

_The economlc viability of this pfoject will be eva-
luated as a package of development plans for flood control,

Cagriculture and hydro power generation, by means of calcu-

lating Internal Rate of Return.

The ass essment of econonic viability of the project
will be made on the basis of the terms of the implementlng
schedule mentioned elsewhere 1n the foregoing.

“ Sensitivity analysis is also made w1th regard to any
change in the implementing schedule and the expected quantity
of rice produced.

Malaysian Rlnggit ‘and Yen are converte& to US Dollar at
the exchange rates of M$ 2,30 to US$ 1.00 and ¥230 to USS
1.00. 'The: project life for the economic evaluation is fixed

at 50 years.

.PROJECT COST

The total project coet is estimated at US$1 050

"gmillion, on the basis of 1981 prices, of which US$622
- milliom is in foreign currency, and US$428 million is in

local currency. The quantity of works is estimated on the
basis of ‘the preliminary design which, has: been p1epared
during the study period..  Unit prices. ‘and the costs of
equipment required for. the oroject implementation are in
line with the recent bid prices for similar works. These
and duties are includéd in these prices and costs..'Physical-

- contingencies of 10/ ‘have been applied to all the works and
“equipment costs. Price contingencies ‘are also taken into

account at an anmual escalation rate of 7% for forelgn
currency and’ for local currency. :

. The progect cost is classified by work item glven as
follows. ;

S (106 us$)
o Z;Foreign : Local
Work : . portion  portion Total
Dam & Reservior = 141.3 . - 147.1 288.4
_‘Agricultural development 422,3 ©,270.9 0 693.2
Hydro -power development 58.1 - . 10.6 68,7
Total . _ 3 621.7 428,6 1,050.3:

_Table 7~l'shews'the'annual'diSbUrSement of the project
cost. o o S ‘
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7.3

7.3.1

ECONOMIC EVALUATION-

Project Benefit

The project benefit may be classified into primary and

secondary benefit. The actual figute has been presented
only for the primary benefit,

1) .Primary Benefit

The benefit of this project.nill accrie from £lood
control sector, agricultural developmenL sector and

-also power generation sector.

Annual_benefit_derived from each sector which has

.been calculated in the monetary terms are sim-

marized in below. .

(x106Us3)
Sector S _ . Annpual benefit
F‘ood control | ot ”0;29t
Agricultural development H 17,04
Hydro power development H 370
Total - : B 81,03

The flood controi'Benefit Will begin to accrue in

1993 that is, after completion of Balat dam due to

‘:”1ts regulation effectiveness.

‘As egricultural development will be expanded stepw

wise during a period of 10 years, the agriculture .
benefit can be expected to accrue from the area

after completion of all the related works,

. However, the annual average benefit will not be

. :2‘).7__.

. brought about immediately. thence forward. “‘The"

built-up ‘period of agriculture beriefit is assumed

to be five years after completion of the related

works, during which time the benefit will increase
1iner1y. ' : _

'Benefit from power generation is to acerue in 1993
"when all the works required for power generation

are completed.

The benefit of each: sector is assumed to accrue in

'.annual terms throughout the project life.

Secondary Benefiti

Some benefits expected from the project ere to’ be

n'identified as the secondary benefits.'

5 They include such benefite as - promotion of

recreation/tourism, provision of’ infrastructure,

-and development of . fishing culture by using the

reservoir, and some portion of the cut~down trees
in: the course of land clearance may ‘also be. uti—“'
lized as the timber logs for 1ocal uses
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In addition, the project will contrlbute much to
saving of forelgn currency..

Though the State of Sabah has imported about 63 000_
“tons of rice in 1978, the project area is expected
to bring about surplus production of rice within a.
short time. - After completion of the project, rice
production will increase by 239 x 103 tons, which:
© will contribute in saving forelgn currency in
" ‘Malaysia through reduction of rice import. If all
- this production 1s consumed in: whole Malaysia, the -
' _foreign currency can be saved by US$129 million per
annum in full~operation stage of Lhe rice
production.

7.3.2 FEconomic Cost

Estimation of costs required for materials equipment -
and engineering services, which are to be procured by inter-.
national competitive bidding, is based on the international
‘price levels. The local cost is estimated on-the basis of
the prevailing prices for similar warks which are now golng
on in and around the project area.

. The construciton cost includes that for construction of
dam and its’ appurtenant facilities, agricultural develop~
_ment, and hydro power generation, 'The total economic :
construction cost is estimated at US$705.3: million, which is
composed of foreign currency portion of US$410 5 million and
“local currency portion of US$S$294.8 million equivalente :
These costs are summarized belo*.

- e (x106 Us$)
REC IR RO Foreign- Local
-Work" ' g portion' portion.' Total
c.Dam & reservoir S 96 8 106.2 203.0
- Agricultural development 279.6 - . - 182.4 462.0
_ ;3'Hydro power development 4.1 6.2 - 40.3
: Total P : 410,5 294 3 g 705.3°

_ Table 7—2 shows the annual dlsbursement of the economic
'.construciton CcOBL, . . : . .

Cost Allocaiton

To identify the equitable cost for each purpose, the ST
:'economic cost for ‘dam construction has been allocated " @
~ according to the .share ratio of -capacity for flood control

and agricultural development. The result of cost allocation

is as follows.- :

| R I <x106 USS>
;Sector '_' R Foreign . - :Local .
' ' . portion ~ . portion “TPotal .-
_‘Flood control S 94.4 103.5 - 197.9
- Agricultural development 254 00 2,7 5,100
- 6.8 - '106,2 = 203,0 -

Total SR _ 9
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The cost for power generarion is excluded from the cost
for dam: construction, since any reservolr capacity will not

'be allocated for hydro power generation,

Cost Estimate by Purpose

Based on the above allocation ef the dam construction

- 'eost, the total project economic cost can be further -

7-3&3

classified by each purpose as follows.

(x106 yss)
_ : Foreign . . Local
Sector - B portion portion = Total
Flood control o 94.4 - -103.5 = 197.9
Agricultural development  282.0. - 185.1 467.1
_Bydro power development -~ - 34.1 - R T 40.3

Total S A10.5 . 294.8  705.3.

'_Operation and Malntenance Cost

' 'To assure the benefits throughout the project life, the'
related facilities should be successfully operated and

jsafely maintained, The annual cost for operation ‘and - main-

tenance is estimated at US$55 55 million, which is composed _
of; . S . ) . :

Work - Annua17¢ost,(xip§'us$)
. Dam &Reservoir - . . . 0,15
'Agricultnrai development i} ‘ 54460
‘Hydro power development S o7 0480
Sfotal o 55,55
S S e

. Replacemcnt Cost ".._-'

Facilitles related to the project are to-be replaced

"periodically ‘to attain their. original purposes during the

project’ life; the facilities to be replaced and their costs,
..are summarized as’ below.-' : ;

. Total ‘cost (xlO6 US$)

Dam E L e ".fr L 7 4

Agricultural development {685 1

Hydro power development ©o 1946

Internal Rate of Return

Evaluation of the project was made by means of calcu—f

;lating Internal Rate of ‘Return on the basis of the estimated
©benefit and’ economic ‘cost’ including operation and main-
'tendnce cost ‘and” replacement cogt, - 'The Internal’ Rate of

:'3Return 18 calculated at 7 1/ assuming a project life of 50

'years.-



7.3.4

7.4

Sensitivity Analysis

. Sensitivity analysis has also been made on the asgsump-
tions of 1) reduction” of the expected rice production, 2)

extention of construction petiod and 3) increase of
constriction cost.

The results are'summariZed‘below; - o _IRR (%).

1) Rednction of rice ploduction ( 10/) 5.5
2). Construction period (10 years extention) 6.4
3) Increase of constpuctionrcost (+10%) - 5.6

SOCIO-ECONOMIC IMPAGTS

in eddition'to the benefits stipulated in‘theﬁeponomic
evaluation, favourable socio-economic impacts are antici-

'pated from the implementation of the project._

Improvement of local Lraneportation will result from
the construction of. the access road to damsite and of farm
road. The expanded road system will not only promote the
economic activity ia. the region but also contribute to
inter~regiona1 transportetlon and communications. n

" The enhanced economic act1v1ty through the increases of
agricultural production, and the improved living condition
by the completdion of the flood control measures, will also

'substantiaily facilltate soelo—economic stability in the

region.

Furthermore, agro-based.industrialgactivities'wili_come
to flourish with the increase of agricultural production,
mechanized farming and provision of infrastructural facili-
ties. : :

. However, 1mnlementation of the progect requires _
acqu1sition of a considerable land for the ared of dam and -

reservoir and.over 850 families will have’ to be moved. out

- elsewhere even through they may be fully compensated  for

their lands aund quarters._ The community 1ife of the people.

living in the adjacent area wiil elso beé seriously affected.

Therefore, restoration ‘of - the local communities and
resettlement of the displaced people néeds to be implemented

'._very carefully for the successful implementation of the pro-

ject.

The river channel will also be expected to play a part
of the transportation system for’ the pdssengers, connodities
and the timber logs, while the role ‘for the timbér transport
may reduce in- parellel with the dwindling of the timber pro-

duct, However, as the river navigaiton ‘will be interrupted

" by dam construction, the access road will take over. some

portion of the role of the rive; channel.
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. CHAPTER VII1  CONCLUSION

The Kinabatangan River Basin Deve;opment Project hasg

been formlated for the purpose of development of the
riparian areas of the basin into agricultural land by flood

control of the River and of power generation to meet. ever

increasing dnmand in the east coast area.

It 1s identified that the project is technically

feasible but not so high in its economic viability with a
.7.1% of Internal Rate of Return. Besides, a vast initial

ittvestment for jungle clearance, establishment of:

infrastructure, immigration of workers'as well as flood

control will be required to orderly develop the area which

" 18 now covered with unexploited forest_having a small popu-

lation. It cannot be recommended, “therefore, that the'pr0~
ject will be put into execution for the moment, although it

can be greatly expected to serve as a vital role to enhance

..the productivity of the eéntire Kinabatangan River Basin and

also to promote the regional economy of the State of Sabah.
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Table 3-2 PRESENT LAND USE

- Unit ¢ Acre

Group 1970 _ - 1979
Rubber | 1,993 1,383
0il Palm 4,197 12,457
Coconut : 2,627 - 2,251
Cocoa 0 1,074
Paddy (Wet) - : 26 . 110
Paddy (Hill) - | 3,200
" Maize ' . - . ' 473
Ground.Nuts ' ‘ : - ' : 59
Sweef Potato - R - . 200 .
Mixed Horticulture 2,810 -
Agficultural Land ‘ 11,661* : _ o 23,624

- Not available

% . Except shifting cultivation areas

Source: The Present Land Use of the Sandakan Residency,1970

Crop Acreage Sabah 1979
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-~ Table

42 COMPARISON OF THREE DANSITES

Unit : million US$

Milian~

Deramakot Balat

?j ' : Damsit_e :
Kuamut
Cost (C) 1,380.0 820.1 ' _}07.4
Benefit (B) 60.7 59.4 - S8.1
| 0.04 0.07 0.08

®) / (©
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Table 4-5 FARMING SCALE AND BENEFIT

Case 1 11 11
1. Farming Form ' Small Scale Medivm Scale Large Scale
Operation Unit - 15 ha/group 3% ha/group 400 ha/group
3. Manpower 1.2 ha/man _ 4.5 ha/man : 16 ha/man
(0.87 man/ha) (0.23 man/ha) (0.06 man/ha)
Planting Method Transplanting Dril}l sowing Drill sowing
5. Main Machinery Power tiller x 3  Tractor (25HP) x 2  Tractor (75HP)} x 5
Binder . x 3 Clawler x1
Thresher %x 3 Small combine x 2  Big combine x 2
6. Machinery Invest~ 2,210 - 2,380 2,638
ment (M$/ha) :
7. Yield _
_Paddy (ton/ha) 8.0 8.0 ‘8.0
Rice (x 65%) 5.2 5.2 5.2
Bran (x 9%) 0.72 0.72 0.72
8. Prbducti_on Value
Rice M$1,242/ton 6,458 . 6,458 ' . 6,458
‘Bran - M$417/ton 300 ' 300 : 300
Total 65,758 6,758 6,758 -
9. Production Cost 4,156 3,822 : 2,854
- (MS$/ha) , : o
Labour cost 2,150 1,610 300
OM - machinery* 457 663 1,005
Farm inputs etc. 1,549 1,549 1,549

10. Net Benefit (M$/ha) 2,602 2,936 3,904

* Excluding depfeéiation cost of farm machinery
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Table 4-6 FECONOMIC PRICE OF RICE

item _ - Unit  Rice
-Projectéd 1990'W0rid.Market Price ii. _ US$/ton | 575
Quality Adjuétment /2 _ _ % . 80
Projected Price | Uss/ton 518
Shipping'§ Handiiﬁg_. - | ~ US$/ton E 33
FOB/CIF:P¥ice,.Sahdakan | Uss/ton 551
‘Equivalent in M$ (x2.3) - ﬁ$/t6n 1,267
Domésﬁic'Trénsportlﬁahdling _ _ M$/ton - 25
Férm ééte:ECOn0m1¢ Price o :H$/ton ' 1;242

/1 Mid—Year Updating of. Commodity Price Forecast, IBRD, June _
1981, : '

/2 The produced rice in the project has allltt1e=high.percen~

tage of brokens, its price is assumed to be 10% lower than
Bangkok FOB price of Thailand 5% broken rice. :
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Table 4-7 NET PRODUCTION VALUE UNTIL FULL PROCUCTION STAGE

Unit : 1,000M$

Construction Gross Production Total Production Net Producfion

Year /1 Value Cost Value
1987 6th 4,587 2,854 1,733
1988 - 7th 21,346 12,843 8,503
1989 8th 40,576 22,832 17,744
11990 9th 62,276 33,821 29,455
1991 10th 86,445 42,810 ‘ 43,635
1992 11th 112,378 52,799 59,579
1993 12th 265,421 125,576 139,845
1994 13th 283,945 - 125,576 168,369
1995 14th 297,529 125,576 171,953
1996 15th 306,174 125,576 180,598
1997 16th 310,496 125,576 184,980

/1L See Fig. 6-1
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Table 4~8 TFUTURE POWER NIEMAND

Unit: MW
Year Sabah | Sandakan Tawau Lahad Datu Semporna
1981 93.7 | 20.3 11:4 3.¢ 0.7
1982 112.0 i 23.5 13.7 3.5 0.9
1983 113.0 E 27.3 16.4 83 11
1984 157.0 | 3.4 19.5 4.7 1.3
1985 - 185.0 5 36.1 23.2 5.4 1.6
1986 | 2109 | e1.2 27.4 6.1 1.9
1987 1238.3 E 46.9 32.4 6.9 2.3
1988 | 266.9.] s3.5 8.2 7.9 2.7
1989 296.3 E 60.5  44.7 8.9 3.2
11990 328.9 | 8.3 52.3 10.2 3.7
- : S SNE S—
1901 | 361.7 E
1992 | 397.9 |
1993 437.7 E
1994 | 477.2 i
|
71995 - 0201 H ‘No figure available
1996 - 566.9 E
1997 517;9-i
P 1998 |  667.3 E
: 1999 720.7 i
2000 778.4 |
% _ !

Source : Sabah Electrieity Board ( SEB ) f
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Table 4-9 COMPARLSON OF UNIT CONSTRUCTION COST PER KWH

Maximum Discharge'(mB/s)
Effective Head (m)
Maximum OQutput (kw)

Annual Energy
Output (100 kwh)

Unit Construction
Cost per kwh (US$)

400 450

8.40 8.40
28,000 31,500
159 168

0.142 . 0.141

500
8.40
35,000

175

0.154

550
8.40
38,500

182

0.179

- 63 -




" Table 5-1 .MAIN COMPONENYT OI' TRRIGATION PROJECT

1. Pumping Statioﬁé(lnclined Mixed Flow Type) . 23 places
Dla. 500mm x3 units ~ Dia. 900mm x4 units (130~590 HP)

2. Irrigation Canal

Convey_Canai (Steel Pipe Line Dia. 1200mm~ Dia. 1,800mm) : 10 km
Main Canal ' o - (50-160 éusec.)_ 158 km
Secondary Canal : ' ' | (32 cusec.) 461 km
Tertiary Canal o (1.2 cusec.) - 2,244 km .

(Total 2,830 km)
Related Structures

Check Gate (50-160 cusec.) ?0 nos.

‘0fftake = | (32 cusec.) 161 nos.
Turn out (Type I & II) - | (1.2 cusee.) 2,200 nos.
End check _ o : o {1.z2 cuééc.) : IZ,QOO'nos.-
g@ Divisiénjﬁqx - L o ZB,GQO nos.
Main Sybhon - . ' (50-160 cusec.) . 12 nos.
.Secondary-Sybhon (32 cusec.) - 13 nos,
Secoﬁdafy'CfOSSing Structures . (32 cusec.) . 550 nos.
Tettiary Cfoésiﬁg;Struﬁtures : : " (1.7 cusec.,) :13;200 nos

3. 'Drainagé Canal

Existing Channel Improvement ' : 88 km
Lateral Drain - _ : : (210 cusec,) 231 km
Sub Lateral Drain : - (20 cusec,) . 1,122 km

(Total 1,455 km)

Relatedetru¢ture . _
End Sluice - - _ o (210 cusec.) 9 nos.

Drain#ge_Conduit S ' _ | (210 cusec.) ' 550 hos.

4. Road & Bfi&ge

Farm Road {gravel ﬁetaied)‘-- B _ o _ _ : :.J' : 635Zkﬁ.

On-farm Road = , AL | 935 km

Bridge B ' ' o : . . 27 nos.
5, Land Acquisition ] ' - B .4,700.hé.
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Table 6-1 CONSTRUCTION COST OF BALAT DAM

3

Unit: 10° US$
: _%oreign Local .
Work Item Currency  Currency -jotal
1. Main Work
Access Road 2,900 3,400 6,300
‘Diversion 10,000 6,900 16,900
Dam Body 11,000 12,000 - 23,000
Spillway 24,200 21,200 45,400
. Outlet 21,900 11,700 33,600
Preparatory Work 7,000 5,500 12,500
Sub Total 77,000 60,700 137,700
2. Land Acquisition and - 30,800 30,800
House Evacuation '
3. Engineering Service 11,000 2,800 13,800 .
4, Physical Contingency 8,800. 9,400 18,200
96,800 103,700

Total

200,500
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Table 6-2 AGRICULTURAL DEVELOPMENT CcOSsT

3

Unit: 10 us$
. Foreign Local
Work Item ' ' Currency Currency Total
1. Main Work .
Jungle Clearing & Levelling | 38,600l 33,600 71,600
Irrigation, Drainage, Farm .
Road, Related Structres . 63,400 75,500 138,900
Preparatory Work | - 10,100 10,900 21,000
Sub Total 111,500 120,000' 231,500
2._ Agricultural Pr#duction Facilities
Buildinés & Equ1pmeﬁt for : o .
- Office, Workshop and Pilot Farm 14,400 2,500_ 16,500
B - Ricé Mill & Farm Machinery 99,300 15,300 114,600
Sub Total = L — 113,700 17,800 131,500
3. Resettlement. Scheme ; - 16,400 16,400
4, Land Acqﬁisition . - 2,500 ._ : 2,560
5. Engineering Service « 29,000 7,300 36,300
6. ﬁhysical Contingency | 25,400 : 16,400 - 41,806
Total R . 279, 600 180,400 460,000
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Table 6-3 HYDRO POWER DEVELOPMENT COST

Unit: 107 uss$

' 'Eqréign Local
Work Item Gurrency ' Currency Total

1. Main Work

Civil Works 800 700 1,500

Power House 1,900 900 2,800

Cenerating Equipment 18,200 1,400 19,600

Transmission Line 4,900 1,500 6,400

Preparatory Work 2,600 400 3,000

Sub Total 28,400 4,900 33,300
2. Engineering Sexrvice 2,600 700 3,300
3. Physical Contingency 3,100 600 3,700

Total 34,100 6,200 40,300
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