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Table

I1I-2 COMPARTSON OF THREE NOMINATED DAMSITES

Unit : 100US$

Damsite Milian- Deramakot , Balat
Kuanmut

Cost (C) 1,380.0 820.1 O 707.4

Benefit (B) 60.7 59.4 58.1

(B) / () 0.04 0.07 - 0.08

IT1-15"




Table ITI-3 CONSTRUCTION COST OF BALAT DAM

tnit: 107 US$

\ Foréign— Loéall .
Work Item _ - Currency . Currency Total
1.  Main Works o _
Access Road S 2,900 3,400 6,300
Diversion - 110,000 6,900 16,900
Dam Body . | . 13,000 - 12,000 23,000
Spillway 24,200 21,200 45,400
Qutlet Facility 21,900 11,700 33,600
Preparatory Work 7,000 5,500 12,500
Sub Total o . 77,000 60,700 137,700
2. Land Acquisition and - 30,800 30,800
' 'House_Evhcﬁétion ' : : '
3, Engineering Service . 11,000 - 2,800 - 13,800 -
4. Thysical Contingency =~ 8,800 9,400 18,200
Total - 96,800 103,700 200,500.

: fiiiélﬁ'-



@iog 97 01 B

3TswRg (T)3meml

%4 4T B9ay 3W2WyIT) ST VI
NHM uy ®ely 2R SNy
TBON ulsey @ie

QREOET . — : )
, . 0L O eareea {Zyanamn

TOT'E T4 SH7EwRd ATERTR
TEe'S To  Sarewed LUTLIN

GOE 0TI EOTHIRC JOMRURIaC
DEL'OTVYD a9Tsweq Seorvd

SELISHYE AT8ISS0d A0 &VHW NOILIVOOT 1-171°8Td

T11-17



:TBAIZIUI ANOIUOH

S5 H o umﬁm“.wupmamm

SILISWYI CEIVNIWON 40 ZOHH¢OOJ. Z-111 '81d

- I11-18



AzBn389. 9] WOIF IDUEBIST(Q

& L. i L A - L

w08y 00w : ost . . U0L

.weg 3eTRg mmmonoumm :

o

0ce
v

SRR,

T CRNRSEY

N

NaRa

5

Lo v vy myiny
[Ny

JRVINY, "7 QI
M HVONYNIA e m = —
CHOQOONOL — e B

WU e e

7 : _
IHOIEY ANACYD AZ ONAJHYY 40 NOILNEINISIa £€=-11I7 * 814

L ONVIIW e
HONVOVLVBYNIY e ).

" OF

foy

" 0T

USTITABTY

111-19



“TPSIP podaomgns UL So500y IO avquny

000T " vos

IHOIER ANNOYS XE VEYY QESUEREAS NI SHSNOH 30 WAERON 4~IIT

0t

0%

0%

0%

*31

k3

LS

UoTIBRAR[Y

111-~20

TN



i oC

B3G§ NING.

oY

o¢ oz 0T ©°

IATY 1<

AiPpuUniog UTSBF ! =m-—

eo1y pediswqnyg i g

aNEDHT

....\l_. .. : | \m;m\. . ,%u:Emsx

O )

- "¥ ueyoTq
~

.
st P —— ..I\\..F...I.l.\s.li\\

WYQ IVIvE A9 VIEV QEONEREAS S-1II 811

11121



.‘Mmbmu 133 MO
Tea9] a931BM TBWAOHN
ToA®7] 133BM 9BaBYDIng

12497 I23BM poold uBiseqd

K

| e
e > w T * ST1Z*0
AT m . €6 uhmE&ﬁmm
ITHTS Mﬁ -
Lo R R &¥c1 | e ‘
1 830y . wgroT *Id SR

o (0T X 02170
UOTIBZTTTIN I238MH

T GT X 0"
U 0T X0

WGt /T i L TTUMCN

ol X €g9*
¢ mOH ¢99° Yy
Poolg

w X *h
¢ 601_ QSL

‘weq ugey

w g /e 1d TRS

wQ gy T4 "T'ATLA

/.

Ww (5 gy jd ase4o weq

XII0VVD FOVOIS MIOAYASTY 20 NOIIVIOTTY 9-ITT 914

11722



(

{ Nsm

W QIX
€9

Eoly SoBJINS IgeI01§

) 000°T 006 008  00L 009 00S . 00% 00s 002

00T
sWnNTOA PFEIOISG
) 000°0Z  CO0‘8T 000°9T 000°9T 000°ZT 000°0T 0008  000°9 000°%  000°7
A
L
W0SToT TTTMTT 7 A
SW0STLT TN S 5
| 7
- -
s
9@2&&\\\ .
007 € "Th's &
TO0ET 1A 4 B
.«MO? il

VANV ZOVAENS GNV HWATOA FOVEOLS “NOTIVAHTHE L-I1II -8tz

01

{0z

ot

0%

09

UOTIBAITH

I11I-23












NI

Ly

%)

(el
\ N
i m AL

g
2 ‘ . \
e . / , \i. ‘-
N ¥y [ . ) ..
W, A K .. .
N . E i ) K
“ GR ll P \ : N
AN £ FAN —T Y NN
) NN .

W« ,
(AN NS RN

Fa A






¢

0S8 O 07 &2 W D

wiids 0or fOC o0 o0 &
,

A

oy BlOM 230G :
|pADag g puSg
puag

sunls pAp -
BuOIE PUDG

foid B 1§

andoan

L]

x

BEBOE

|BART S0JOM 1OMION

12087 J0108 UBIH 1

TWHN
TaH

1Ay 8704 POOI UBIESD. T 20

WVQ 40 SIXV ONOTY EI1J0¥d 6-III *5T4

thz.

UOTIVADTYH

11125



meJ 1831300

. o <

. T_ T - T 1 ) @ . )
I m.o«. Ce Oz 01 ¢ uteig @ TOAPT I93EM MOT T TUMCT
. Ho0y @ T2A9T 191BM TEWION :  “T°M°N

wopuey @ 19497 I231BM o31eydang : “ITMS =

2300 (T) TeART Z938M pooig YsIseg : "TMtid . .

- NEOET | PRI

. : : T8ABID,Y RUBS, - © o _ o670 ]

o T o o . . T g s e . e ._o..o.....Q.Aoq... ° ¢ . e o® 2 n.n.o. . ® se B

. L T o Tpueg L R R
005 LT T .
7 600°2Z T

050 0T g00°7f  TAS & .

_ ) - 000° ¢y TR 4d & _

000"5%% 14 *S°ID dea-dra wooy ]

0 o_.o.ﬁ |

3 |

Wvd 40 NOTLOHES~8S0¥D TVOIdAl  OT-III

"5Ta

05~
o
e
| =
05 B
. g
=
i
=]
=5
001
(w) " 18

L1126



-aadeep ITIIS ST Ishel

e

sTgeewaed 2U3 u2sR ‘maTqoxd of

-

$S0 OT® 972 "T77 _
o 1800 WOTIDNAISUC)
W 006°0sT Tt

_39uBTE 3O PUNTOA

- sd0apag
R AR P T v
o=t U Ypfer | etqeamaed .t v, -
N c.@. . o.ﬁ.... - L ) ..-.Q.. .. n.... .. “-.J. .. "

I STqEsEISduL

JoRueT
ﬁamz.mﬂmmmﬁuwmﬁwn;mxwomnmm._ a w 
$sn 0T Tvg e e e m___,h__._ R row
. as . . [PEAERERI N R 7 N, PR
*deop 1503 UOIIONIISUOD o

ST TTEM 2Y3 °J0UM MRI IR

Spaooei TOIIONIISUCD TEBhidY

w goOcHT et

TIEM 330-3MD jO BRIV

.HHNB MMOiHﬂO mSOJGHUﬁO

hvom.ﬁmq.

..mmmv ‘08, m._n . mxu,ouﬁwn
mau muﬂumpou uﬁmEvam io
M&hM4 mw@wmahw& U3 mumss

UOT3INO3Xa 30 S8TITNOTIIICA

§50 QOTX 276 """

3800 GOHUUﬁMumEOU

B 000%00L

eunyos IusweoeTdSIq

"TI0S mﬁﬁwmaummsu
uswamumﬁgmﬂmfllfr

mxuopﬁmm

¢

.. - H.Wbﬂd.

. Apog Emn

USUBiL 330-310

Sy aewey

350D UOTIDNAISLOY § AaTIuEnY

. g9ansedy

STHNSVAK IEUHI 50 WOSI¥VAHOO TI-TIL

V814

I11-27



x10%uss

Conétruc_tion' Cost of Dam

215 L

200 |

'190' -
- 400

220,

210 -

205 |-

195 |

Fig., 111-12 SELECTION OF SIZE OF SPILLWAY

. S T 1

.. 500

S 600 - 7000 800

©Wideh of Spillway <

CIT1-28

1900 m




TR PR TP U L VD

. 31oN

_xw!ﬁrii\\_

205 g L e o

ROILOAS-35080
| ~  AVATII&S TTON
NOILOES-SS0¥D ¥ WIIZ0¥d AVMTIIdS €I-I1I. 314

e bk e |

.»-alfl.l:ill'.
g -

ueiseanig

uerleaciy

veyyesey

[CTIL LTS |

“TT1-29



A1I7I0V4 137100 40 Nvid 41-II1 “BTd



royg

npag

1pa58 dedie yEqruTy

ﬂf,wmsmg.maM.

- . AR

- .,._A.,. ] .... .
Cwexey 1Tyug - Fdy

QVOM SSEDOV 40 dVR E1N0Y¥ ST-III

=

‘813

o o ]
Fanweny - 8dy 0 -

w02

prdntey-Sdy
by

I11-31

— H._..;l | -




AVMITIGS]

wve ans

WYG NIVW

CSHHOM
L 137800

W

WVYG 434300

NOISHIAID
¥3ATY

AHOLVEVS I

avod $5300v

-I11-32

NOILISINOIY
ANyl

SOV —

e o e ————— ——

R ELPELIN-E

ubis3q

i
pelioag

ID1AM3S
ONIEIINIONT

e wa—

 S—

—

o190 104

NOLVEVS3 8D

Uo11oN.415u0) Jog

ubisag p2

—

S/ 3

o L v

dY3A W
2661

HY3aA uiol
1661

1 L4 v

[l IV 4

d4V3L U8
0661

o L ot

4v3L uig
6861

H

oL 4 ¥

HYIA Ui
8261

L

TR

d¥3A Wig
£86T

o Lo

¥v3A wig

- 9861

il It

4VIA Uiy
G861

L ¥ | L+ H

P

HV3A pag
%861

[+ LA 4

uvIA- puz
£B61

W3Ll HHOM

WV IVIvd 40 JTICIRIS ZOHHUDM.HmZOU 9T~IIT " 914









2.3

'2*4

3.2

3.3

3.4

3.5

b4,

IV. CONTENTS OF FLOOD CONTROL

GENERAL .l.‘.ﬂlﬂ!‘l..ll.ﬂIVQOGCOOGDU..090_&0'55&'93.

fRESENT CONDIfION:...e..;.q.q.a.«................
RIVER.BAéIﬁ....f;so............;ao........;yn..;.
RYVER CONDITLON «00eosenescsesconronsssasscnsanes
2 _.ﬁiver:Chanﬁél=;...ea........qeq..;...;....

1
2 Present Flow CApacity esvcosscescesssccrasas
3 Riparian FacilitieBscscrocoonsencosssnssons

RIVER WATER UTILIZATION o cnrvscescoscsceoccsasse

FLOOD DAMAGE l..bl!ll.'vﬁllt..;.ﬂ.‘ﬁ..b.ﬂ!l!l.,o.

FLOOD, CONTROL «vsevecasevsssrosssssnsosvanssonsss
FIJOOD CONTROL SCALE l_ﬂ!“.o.&'..‘ﬂ..o"‘e.ﬂBQ.I‘I!GIII

STANDARD PROJECT FLOOD ssssavveesesoensansrossons

FLOOD CONTROL MEASURE ;-nn{fooo;otoogo{o;;oc-iooo

OPTIMUM SHARE OF FLOOD CONTROL sevessesensssnnnne

DESIGN FLOOD teetossessansavsesovennassascesvene

FLOOD CONTROL BENEFIT co.oo--oqeoe'--sooooooeoooie

V-1




~LIST OF TABLES
" Page
Table IV-1  MAJOR TRIBUTARIES OF THE KINABATANGAN RIVER.... I¥~10

Table IV“Z F1.00D DAMAGEu;anbaoeiaa--éé-vooboooauna.onl--;- Iv-11
Table IV-3 ANNUAL EXPECTED DIRECT FLOOD DAMAGE REDUCTION.. IV-12

LIST OF FIGURES

Page

Fig. 1v-1 PROFILE OF THE KINABATANGAN RIVER AND: S
- : TRIBUTARIES..--onooos-lnonaae-u-ooeoua.a-.neooc. Tv=-13
Fig. IV-2  LOCATION OF CROSS-SECTION SURVEY..sessseessonees 1V~14
Fig., Iv-3° CROSS-SECTION OF THE RIVER CHANNEL«ssssasscvesas LV=15
Fig. IV-4  CHANNEL WIDTH DISTRIBUTION: «esesvsooonnasssrsnss LV=15
Fig., IV-5 PRESENT FLOW CAPACTTY e ¢onoscacesosasoasssnssaves 1V=10
Fig. IV-6  INUNDATION AREA IN THE LOWER BASINssseoversecoes IV-17.
Fig. Tv-7  STANDARD PROJECT AND DESIGN FLOOD DISTRIBUTION, . IV-18
Fig. IV-8 LOCATION OF POSSIBLE FLOOD CONTROL FACILITIES... iv-19
Fig. IV-9  LEAST CONSTRUCTION COST OF DAM AND _
RIVER IMPROVEMENT..;..,...........a.........,... 1¥-20

Iv-ii



1,

2.

]

'uENFRAL

The riparian area of the Kinabatangan River suffers
every: year from minox flooding and the lowlauds in the Basin

are habitually inundated during rainy season. F¥lood control
-scheme, therefore, 18 the prerequisite for smooth implemen—

tation of future development plan in the project area.

On the basis of the field reconnaissance over the area,

the topographic survey which have been conducted by the
authorities concerned of Government of Malaysia, and other

data, the analysis of flood ¢ontrol sche#e has been made

- about (1) the selection of ‘optimum flood control measures,
(2) optimum share of design flood between these measures and
(3) flood coutrol benefit. :

PRESENT CONDTITION

RIVER BASIN

' The Kinabatangan River Basin covers a. great part of _ :
Kinabatangan District, one of the three Districts of Sandakan
Resldency, on the East Coast of Sabah qtate. .

The Kinabatangan_River with the catchment area of 16, 800

_ ;kmz drains the eastern part of Sabah State, which is’ demat—
‘cated within 4°30' = 53°45% North Latitude and 116°25' ~
"118°40" East Longitude, ‘The main stream of the’ river has 1ts

gource in the Witti and’ ‘the Trus Madi ranges, both of which

are braaching out- from ‘the Crocker Range, the physical spine
of the State. The length of the river is about 560 kmg

The upper Kinabatangan River is named the Mllian River
while it is flowing down through ‘the" mountainous region

_being joined by many tributarles and neets the Kuamut River
‘at’ Kampoung Kuamut; the catchmeut areas of the Milian and Lhe
“Kuamut are 6,825 km? and 3,140 kmz, ‘respectively, ‘The river

flows: down in the midst of - the Basin joining with the Lokan
River and other tributaries and drains into the Suly Sea.:'

'Numerous tributaries are contributinﬂ to make the

Kinabatangan a mighty river which may ‘be likeried to.a trunk
of ‘glant tree with countless branches (refer to Table IV-I

—and Fig, IV-l).

o 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. - Remarkable meandering in the middle :
and’ the 1ower reaches ‘helped developing an extensive ‘Alluvial
plain due to seédiméntation. ‘At the estuary is: extending a

. yast deltalc zZone through which ‘several channels branching
off from_the river are running down.towards the sea.

V-1



2.2

2:2.1

2.2.2

REVER 'CONDITION

River Channel '

The existing river course heavily meanders in the middle-
and lower reaches. The ‘actual river length measured

along the meandering course ‘indicates the increasing rate of

about 1.5 times compared to the sttaight reaches.

Since the river has formed itzelf by driviug through the
silty soil formation i{n alluvial plain, the cross-sections
present mostly. single cross—section with nutura] ‘eroded -
valley of which banks rise about 10 m or more high above the
river bed. Flgs. IV-2-and IV-3: show the location of cross-
section survey and representative Cross— sections of river
channel, which has been: conducted by the’ duthorities con-

~cerned of the Government of Malaysia, respectively¢ On the

other hand, as illustrated in Fig. IV-4, the river width
along the river ranges from 150 m to 200 m.

_ River longltudlnal gradlent appears to be about 1/10, 000
in the stretch from Balat to Bukit Garam/Barik Manis,
1/15,000 from Bukit Garam/Barik Manis to Sukau and 1/20 000
from Sukau to the estuary.

Present: Flow Capac1ty

. The minimum and average values of the present chaunel
flow capacity downstream of Balat are estimated at 1,500 n3/s

'__and 1,800 m3/s tfespectively, by uniform flow calculation,

22.3

© 2.3

assuming that the coefficient of roughness is 0.03. The
dlstributlon of flow capacity is given in Fig. IV*S.

Riparian Pacilitles

" Riparian facilities are scarce along the Klnabatangan
rlver, except perhaps scattered floating stages for small
boats, and piers for the ferry connecting Sandakan and Lahad

" Datu.

RIVER WATFR UTILIZATION

The Klnabataugan River water is being utilized for navi-
gation, irrigation and domeﬂtic use., However, the consump-

' tion of river water for irrigation and domestic use is’

extremely scarce.

River water utillzation in. the basin is almost eutirely

for navigation. River fishing ‘boat, passenger boat, cargo

boat and .tag boat are ‘named -as kinds of boat- for navigation.

V-2




2.4  FLOOD DAMAGE

- Floods occur almost every - year in Lhe Kinabatangan River
_ Basin.; Once in several years, a largeascale flood causes
‘loss of life, and considerable damages to the houses, crops

and fowls,  Therefore, they give great damage and much inconr
venience to inhabitants of the Basin.

AlthoUgh_the,actual conditions of the flood damage can
' not-be -exactly known because of lack of record, it is said
* that flood 1in 1963 was the biggest in the past few decades
: and lasted nore than one month;

, According to the comparably well—reccrded ‘data during
the recént ten odd -years, flood damagée in January 1968 was
the biggest, i.e., 8,000 people affected, 193 houses washed
away and 700 houses’ damaged. Table IV-2 shows the flood

“damage’ during’ recent years but they were not estimated in
'monetary termse

“The inundation area of 20—year flood with discharge of
- 6,000 m3/s at Barik Manis is estimated at 107, 000 ha, which
'zis illustrated in Fig. IVw6. .
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3.

3.1

3.2

FLOOD CONTROL
FLOOD CONTROL SCALE

Design flood for flood control in the. Kinabatangan River
basin is proposed in magnitude of 20-year prohebility in due
consideration of the following matters. . :

An, appropriate magnitude of the design flood is
generally determined taking into  account . economical and
social aspects. Attenilon to the socidl aspect should be

- paid more than that to the economical aspect on a ground that

(1) ‘it is recommendable that flood control scale of rivers in

,Malaysia be standardized in a nation«wide level con51dering

equal. distribution of welfare, and (2) since such intangible
benefits as reduction of loss of humaun life, reduction of

.disease, etc. which might ‘have. occurred during and/or after

flood, are not incorporated in Justifyiug economical viabi—
lity of the flood control project, the magnitude of the
design flood might be estimated less than the pracLical.

The standard for appropriate design flood scale in
Malaysia, as describe below, has been set forth by the Survey
Tean for National Water Resources Development Project.

" Average

Return Period ' Annual Damage Population .
(M$ 1000/ km) ' (persons/km)
1) 100~year Large (20 over)’ . Severe flooding -
: 5 . ' with casualt
2) 50-year: ‘Large (20 over) Densely population
- : (500 over). :
3y - 20-year Moderate (20 under) Sparsely populated

(500 under)
Judging from prospective developed conditions of the
Kinabatangan Rive basin, item 3) above canr be ‘applied for the
Kinabatangan River.

STANDARD'PRojECT'FLOOD.

The flood discharge of . 20—year return period has been

decided on the basis of hydrological andlysis in the hasin"

(refer to Hydroiogy Sector)}. Eventually, the standard
project flood discharge has been determined as follows:

'. Balat damsite : 5, 400 m3/5
Barik Manis : 6,000 w3/s
Estuary" T 6, 000 m3/s

Fig V-7 shows the distribution of standard progect
flood. :
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3.3

_FLOOD CONTROL EEASURE

The measures of flood control for reducing flood damage
are. enumerated ag’ folloWS' .

l)- Dam

2) 3Floodway

"3) . River. imprOVement ineluding ringwlevee, and
' 4) ’Retarding basin

These methode may be adopted either independently or

For the flood control it is topogxephlcally extremely '

difficult to find an area suitable for a retarding basin to

regulate a flood of 20-year return period along the
Kinabatangan River: And also a floodway works has been Ffound

less advantageous than dam construction or river improvement

works from thé]viéwpdint of the construction costs

Thus, the river 1mprovement and dam construction wvere
eelected as the appropriate flood oontrol measures.

The followings are_the findings of comparative studies
on a dam, a Floodway and river improvements:

Dam

Based on ‘the findings of the study under "Dan” Sector,
Balat is selected as the optimum damsite taking technical
feasibility, economical advantage and social impact inte
account. (Refer to Fig. IV-B) o

When the proposed Balat dam'ie cohstrueted with the
scale enough to control a flood of 20-year return, a

'construction cost of US$200 million approx. will be required.

Rlver Improvement

When the method of river improvement ie only adopted _
from estuary to Balat dameite,‘about 200 km along the River
to ¢onfine a flood of 20~year return. period with discharge of

6,000 m3/g at Barik Manis, the cost of river improvement is

relatively high compared with “that of the proposed dam.

The earthwork (excavation of river channel and

o embankment) volume and cost of river improvement work'is
" estimated at 210 milliOn cubic meter and US$370 million
“‘approx. respectively. R

. " The ring-levee which is expected to be effective eould

not be identified due to lack of precise topographical MaPe.

The comparative study for poseible application of ring~levee
is therafore exoluded.
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3.4

?loodway

Ko the basis of the findings of the field reconnaissance
over the area and the topographic map, scale 1:50,000, the
proposed floodway as shown In Fig. Iv-8, starting from
Sebangan, located on the left bank -about 200 km upstream of
the estuary, and northeastwards, emptying into the Sandakan
Harbour via the channel of the Bode River, is deemed
appropriate among some alternative cases.

It 1is- estimated that the excavation volume and construc-
tion cost of the proposed floodway will amount to 260 million
cubic meter and US$640 million app*ox. respectively,

. The proposed floodway cannot control a flood in the area

'upstream of the diversion point, while the proposed dam and

river improvement can.

.. Besides the above, the comblnation measure of river
1mprovement from Balat to Sebangan and the floodway has been
studied in order to fac1litaLe the same flood control effec—
tiveness as:the dam or river improvement.' The excavation
volume and eonstructlon cost. of ‘this.’ combination measure will
about 330 million:cubic meter and US$770 mlllion ‘Approx.
respectively.

-OPTIMUM SHARE OF FLOOD CONTROL

For the standard progect flood of 6,000 m3/s at Barik

__Manls, the optimum share of combination between dam and river
.1mprovement ‘work will be determined on the basis of economi-

cal performanceﬂ ‘To select the optimum share of combination,
the total construction cost was calculated for each alter-
native case as shown below: .

Discharge at Regulated discharge
 Barik Manis “by ‘dam
Case 1 1,000 m3/s . 5,000 m3/s
Case 2 11,500 m3/s . 4,500 m3/g
Case 3 2,000 m3/s. : . 4,000 m3/s
Case 4 2,500 m3/s - 3,500 m3/s
Case. 5. 3,000 md/s - o 3,000 m3/s

“In. the construction cost estimate mentioned above, the
dam is assumed to be a single-purpose dam meant for flood
control. As for-river improvement work, it is assumed that

' banking and excavation of the existing channel are’ b391cally
employed.

V-6,




3.5

_ Fign V=9 Bhows the relarionship between Lhe construc—
tion cost and the diecharge to be confined in the river chan-
nel at Barik Manis, derived from the calculatioa results for

each alternative case.”

Based‘upon this relationship, Lt has been arrived at
that the river channel should control a discharge of

1,500 m3/g in view of striking the most economically

balanced combination of dam construction and river improve-
ment work in:the total cost. . As the result, the flood
control would be taken care of by the danm, and river improve-
ment will not be required, Since the present river can accom-

_ modate the flow of I, 500 m3/g, -

‘DESIGN FLOOD

Baééd'oﬁ‘the aforementioned studies, the distribution of
design flood as shown in Fig. IV-7 will be made as follows:

Before regulation Aftér‘regulétidn
of dam - - . of dan
‘Balat = 5,400 md/s . . 900 m3/s
Barik Manis 6,000 . 1,500 '

Estuary - 6,000 : 1,500

v-7"
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FLOOD CONTROL BFNE?IT

Flood - control benefic is’ defined ‘as the flood’ damage

" veduction in the area downstream of proposed damsite due to

implementation of the project. The annuval benefit is given
as the reduction in annual damages; ‘and annual damages are
obtained by multiplying the total damage potential by the
probable flood rates

) Flood damage consists of direct damage indirect damage
and intangible damage. JDirect damages are defined as the
monetary expenditure required, or which would be required, to
restore the flood damaged property (buildings and interior
effects and farm crop) to its pre-flood condition. Indirect
damages include thie net monetary cost of evacuation, reloca-
tion, lost: wages, lost production and lost sales.. Intangible
flood damages are defined as flood effects which -cannot be
measured in monetary terms. In this. study, only the direct
damages to buildings and interior effects and the Indirect
damagea are assessed and evaluated. :

The maan antual flood damage is determined by summing
up the potential direct damage (from floods of different fre-
quencies) plus the potential indirect damage (estimated by
applying an indirect damage rate)

~ Annual flood control benefit is estimated at US$290
thousand by calculating the total flood damage potential
under with and without the’ projeet conditions.

The estimated annual damages to bulldlngs and interior
effects in the project area are tabulated below and its
breakdown is shown in TaBle IV-3.

s
=y

(unit: 103y83)

Expected Danmage
Without. With
_ the project the Project
“Building & Interior . Direct T257 5
" Effects T indirect 39 _ 1
L _Totadl : 206 : . 6
Damage Reduction (Benefit) T A0h - 6 700

The damage estimation is baged on the following

aqsumptlons.

1) Buildlngs-and interior effeete

The damage rate of 0.2 to’ buildlngs and interior
effects was constantly applied- for the flood damage
estimation, regardless of the difference of flood
discharge. :

V-8




2)

3)

Farm Crops

The agricultural area existed in the project area at
present is tooc small that damage estimatbion to farm

crops was excluded in this study.

Indirect damage

The indiréct damage to buildings and inteiror
effects is fixed at 157 of direct damage. .

Iv-9
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Table TV-1 MAJOR TFRIBUTARTES OF THE KINABATANGAN RIVER

‘Confluence from 'Catchﬁent

Tributaxy Estuary, km. Length, m. Area, .
Lokan 220 150 1,460
Ruamut | 298 180 3,140
Karamuak ' 357 : 90 680
Imbak a0 70 . 460
Tongod 396 60 660
'Pinangah 434 130 1,300

V=10
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© Fig. IV-O LEAST CONSTRUCTION COST OF DAM AND RIVER IMPROVEMENT
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1.

2.1

CENERAL

As for the egrlcultural'development plan in this pro-
ject,, the study is conducted from: the sooio—eeonomic and
technical view points. :

‘As the result, a plan for paddy production under irriga-
tion is proposed in the net area of 44,000 ha which is to be
relieved from:flood damage after dam cOnstruction.

An overall approach has been made in conducting the
gtudy is in several sectots concerning agriculturdl develop-
ment such as the soils, existing agriculture, land develop—
ment plan, agricultural production plan and the development
cost, .

SOILS
SOIL, sﬁiTAsILITY'

The description of d, variety of the types of soils and

 their parent materials available in the atrea 1s found in “"The

Land Resource Study, ‘The Soils of Sabah, Vol. 2, Sandakan
and- Kinabatangan Districts", and "The: Land Capability :

'_Classificaiton of Sabah" has also been- compiled from the

results of the soill survey and related studies in the past.

Acoording to these repofts, the Rinebetangan River'Basin'
holds very extensive agricultural soils: which are classified’

~into five groups from thelr agricultural suitability. Group

i solls which have no. limitation for agricultural development”
does not occur. in the Kinabatangan Basin area., Group 2 solls
with high potential have a wide distribution in the Basin.

“(For details, refer to Table V-1 and Fig. V-1). The other

two classifications,- Group 4 and Group 5’ soils, -are not
suitable for agriculture. The former.is to be intended’ for

'mining and the latter has no practical use (refer to Table

: The details of classification are as follows.
_1) Soil Suitability Group 13 Soils'with-no limitstion-

s These ate generally deep, permeable and Well aerated
solls with good reserves of moisture;. they are gither
Cwell supplied with plant nutrients or. readily respousive;
. to fertilizers, They are. developed on. level or almost
leve} land where the upper slope limit is 5%, . -Having no
limitation-to agricultural developiient, the soils are-

-Hcspable.of'growing'a“Wide range of'crops. C

T2y Soil Suitebility Group 2; Soils with few minotr
limitations_f'

The 1imitations may include, along or in com-
bination," imperfect or poor drainage with a, waterteble
gccurring for a significant proportion of the year,

. “within 120cm (481in) of the surface, rock or similar
: “_impenetrable materials occuring between 50cm (201in) and

Cy-i



120cm (48in) of the- sulface, extreme coarse tegtures,. ot
moderate slopes generally falling within the 5 to 15°
range which would not require any expensive form of
antierosion conttrol ot shallow peat deposits never more
than bOcm (20in) in depth. Although a wide. range of
crops can be grown on such soils; the choice is generally
more restricted compared to Group 1 solls.

3) Soll- Suitability Group 3, ooilb with one serious
“1limitation :

“This include% soils which are a little 11mited for
agricultural deveJopment ln compartson with Group 1 and
'Group 2° S0ils because they are on sharply sloping land
in the 15 -~ 25° range, soils on .deposits of peat varying
in depth from 50cm (20in) to 120cm (481in), very poorly:
drained goils in which swampy conditions sometimes pre-
vail, very poorly structured soils, or solls with a very
'restricted rooting space due to rocks at shallow depths
i,e. within 50cm (20in) of the soil. suxface, or solls
'showing acate plant nutrient deficiencies, This group-
‘also lncluded ‘alluvial soils subject to regular river
floods, and unless ‘the flooding is controlled they can-
not be Lecommended for agricultural development.

4) Soil Suitability Group 43 Soils with more than one
serious limitation

This would commonly include, for example, shallow
~501ls developed on sharply sloping. sites, or “‘shallow.
‘so0ils with acite mineral deficiencies’ and highly
“indurated subsurface horizons such as found in many pod-
zols, also very poorly drained’ soils ‘which because of
thelr especidlly low-lying mature on main river: flood
plains receive the maximumn effect of floods, and’ saline
solls in which, permanent swampy conditions prevail..
“Thesé . dlsadvantages greatly restriet the range and yleld
of crops, and result in a considerable risk element for
agricultural entexprise, even under a high standard of

management’.

5) Soil Suitability Group 5 Soils with at 1east one
vely serious 1imitation.

Thls wouid 1nclude soils developed on Steep lands in
'_which slopes greater than 25% predomlnate, extremely
stony, rocky ‘and’ boulderﬂstrewn soils or bare rock,:
soils with toxic levols of certain elements, and’ peat
soils. deeper than 120cm (481in). Agriculture on such’
solls would generally ‘be prohibitive, but they have a.
wide range of capabillty for forestry, bydrological or
wildlife and conservation purposes.




2.2 S01L GROUPS 2 AND 3

‘The land which occupies an’ extensive area in the middle
‘and lower reaches of the Kinabatangan River Basin consists
mostly of the solls which belong ‘to Group .2 and Group 3, but
it will have to be taken note of that some of this land 1s
subject to habitual flood damages at present,

The details of soil associations belong to Soil Group 2
"and Group 3 are. as‘follows (refer to Figs. V-1, V-2 and V-8):

_Soil Group 2 _
1)y Rumidi Association (26)/l

The majority of soils are’ formed from mudstone and
gsandstone often An the form of mixed colluvium.
Mudstone and Bandstone are particularly common near the
Sungai Segaliud ‘Sungai Dumundong, Sungal Koyah and
north of "the Labuk roadi The miscellaneous rock types
are rarely. extensive but tuffite is:common near
. Sandakan, at’ Sungal ‘Manila and ‘east of the Sungai _
Samawang. Pebble deposits occur sporadically and are:
considered to' be remnants of former terraces., In addi-
tion, alluvium occupies the main valley floors-'this is
normally fine-textured, but coarsemtextured deposits
oceur: adjacent to sandstone hills. o

“2) J511abukan Association (25)

- The sails are. developed on those patts of the Tanjong
and: Sandakan Formations: where mudétone is predominant,
“bat-is’ 1nterbedded with sandstone. ~Quarti and sandstone
pebbles, often in the form of stonelines, occur sporadi—
onge: more extensive terraee deposits' they have heen.

".observed ‘north’ of the Kinabatangan at. Lamag, north of -

- 8andakan ‘and ‘in the Lokan valléy. - In addition’ both
- fine~ and coarse—textured alluvium ‘oceur on the valley

'floors.' :

' 3)..-Lungmanis Association (22)

.'Parent materials comprise mudqtcne and rare: sandstone-
'they are. bedded ‘inthe’ Lungmanis, Latangan, Lamag and
© Lusierau’ areas but elsewhere occur in-slump formation. .
-Sporadic pebble deposits on low hills at Dagat and in -
" the Koyah and Segaliud valleys suggest. that some areas
may well be terrace remnants, - Fineutextured alluvium
; occurs ‘on’ the alluvial flats. : '

71 ¢ Key number o



4)

5y

6)

7)

Tapang Association (20)

Parent materials: are. considered to be old alluvia

derived mainly from basic:and ultrahasic rocks which
form the surrounding hills, these daposits are fine tex-
tured and stoneless. .Outcrops of basic rocks are con-—
fined to incised lower slopes and t¢ low hills above the

general terrace level._

'Semporna Association (21)

The parent material is toral]ine limestone of the Togopil
Formation. - This outcrops on minor hillocks and valley
sides and fragments also occur on the soil surface.

Thﬁgku_Asseeiatien an

‘It occurs on a low level coastal plain rising very gra-

dually to the west. The goils are formed on calcareous
alluvium which is predominantly fine-textured and

~underliain by cdoral or coral debris. The depth of this

alluvium is aobut 120cm (Aain) and outcrops of coral are
confined to the. sides of minorx. streams and. stream beds.
Deposits of more receut alluvium occur adjacent to the

-largex streams.:
'Tuaran Association (4)

. In general ‘the levees are formed from coarSEutextured

deposits of sand with layers of silit of variable
thickness and. frequency, neander scrolls consist of low
ridgés and swales -and they are ‘composed of alluvium

. which is predominantly medium= to fine-textured, being

8)

9y

goil (

finer in the. swales; meande1 scars comprise infillings
of fine-textured alluvium and old cut-off are in dif-
ferent stages of infilling with predominantly fine-~ .
textured dep031ts. :

: Labau Association (iﬁ} L

_Palent materials are- predominanrly moderately fine —to

coarse~textured, often stony,_alluvium derived wholly
from sedimentary rocks except in the Kuamut valley,
where it is derlved in. part from 1gneous rocks.

-Karamuak Association (9)

-Parent materials compr;se mixed dlluv1a derived form

basic, ultrabasic and sedimentary. rocks. . This 1is of

“variable texture, is rarely. stony and- lacks concretiﬂns. 
Qoarse-textured, alluvium with pebble beds is restricted

to marrow floodplains, levees and eyots.

Group 3

By

Dalit Association (31)

Parent materials compr:se interbedded reddish browa
sandstone and mudstone on the low hills and mainly

'_ v-—4 .




2) -

3

‘coarse-textured alluvium on the flats, Tn addition, in
“the Mananam Plain some low hills are composad of medium-
.textured old alluvium representing terrace remnants.

Tenghah Nipah Association_(SZ)

. Parent materfals comprise interbedded coarse soft :

' sandstone and mudstone of the Ganduman Formation. 1In the
‘narrow valleys coarse- and medium"textured alluvia have
been deposited._ -

'Kalabakan Association (29)

;It is Eormed on low hills and ridges with a relief _
'j_amplitude of about 60m (200£ft) and slopes in the 10° to

20° range. These hills. are composed of mudstone and

sandstone 1dentical to those in the Silabukan

Association; mudstone 1is dominant, but sandstone: is more
common than in the Silabukan Association. .

:Kretam Association (33)

Parent materials comprise . sandstone, mudstoné and
miscellaneous rocks in the Kuamut, Garinono and :
Chert Spilite glump formations.- Sandstoues are dominant

. and profiles formed on stony sandstone Lolluvium are

5)

6)

widespread._ The miscellaneous rocks include serpen-
tinite, spilite, tuffite, gabhro, dolerite,. limestone

" and chert. These occur as erratics in regolith derived ;

latgely from sandstone, as minor: outcrops, cappings, or

as distinct knolls With steep slopes and stony surfaces._i

Dagat Association (35)

Parent materials inelude tuffaceous rocks mudstone,-~

sandstone and ‘slump’ deposits. which are includeo in the

Ayer Formation. Tuffite, which is dominant between the

. Segama and Tabin, varies considerably in particle gize
~and constituents and in many cases has the ‘appearance of
a soft ‘white sandstone.. Black mudstones are’. &ominant to

the east of the Tabin. The: majority ‘of profiles are -

. formed on deposits of colluvium in the east of the:

Tabin.. The majority of profiles are formed on deposits

of colluvium derived from these rocks ‘and soils derived
_.from rocks in situ are comparatively rare. o

'Sinarun Association (16)

Parent materials comprise deposits of mediumw to fine_f*=

. textured, someétimes pebbly, alluvium which overlines o
‘mudstone and sandstone. The majority of Tow hills have
'cappings of alluvium and the mudstone and sandstone

cutcrop on the lower slopes' on some’ hills. cappings of :
alluvium ‘have been completely removed. Alluvium in the
valley flats is nnadium--w or coarse~textured.:,"



2.3

2.3.1

7 Braﬁtian Association (12)

Old alluvium 1s the dominant parent material and. thia
.normally rests uncenformably on interbedded sandstone
and mudstone; rarely arve the deposits thin enough for
the rock to be exposed in soil profilea. The alluvium
is mainly medium, rarely fine, in texture and in p]aces

- contains variable amounts of pebbles. Deep pebble depo-
sits 418b ‘oceur, ' The pebblas are mainly of quartz ‘and
sandstone biit in. addition are formed of chert in the
Kuanut area, acid igneous rocks and chert ‘at Tomanggong
and basalt “in the Mananam Plain. Alluvium at floodplain
level varies from coarse to fine in texture.

8) Kinabatangan Assoc1at10n (5)

Parent materials comprise mediumu and finemteerLed
“alluvium. - Coarse~textured alluvium occurs adjacent to
sandstone hills, from which it is derlved and to the.
east: of Dewhurst Bay, coarse-textured. deposits of old
beach bar formations are overlain by fine»textured allu-
vium,

.9) Usukan Association (g)

: Parent materials congist of coral debris overlylng
-coial the coral debris 1nc1udes shells and shell )
fragments, varying from medium to coarse gravel in size.
gSwales and back—swamps are infilled with medium- to

- “coarse-textured’ alluv1um, which also contains abundant

" coral fragments, .Small rock outcrops. may ‘also occur;
examples include agglomerate on Selingan, - sandstone on
Libaran and chert to the north of Libaran.'

SOIL ASSOCIATION AND AGRICULTURAL DEVELOPHENP

”Each soil association in and around the project area and

Cits suitability for agiicultural development is ‘summarized as
_follow : : L

Uhsuitable Lana

Land which is con51dered unsuitable for agricultural :

"development incéludes Yand with very severe slope limitations;

land with severe diainage “and flooding 1jmitations and land
with severe nutrient 1mba1ancee“'The most soil associations

T are inoluded in Group & and Group 5 (see 1ab1e V 2) .

2.3.2

Marginally buitable Land

Large areas of the Kinabatangan District consist of land
Whlch is marginal-in terms of’ suitability for’ agricultura]
development, but as in the ‘case of land which ‘has very severe

:_limitations some of these marginal areas are already being
- used for: agriculture. “Eight soil’ assoc1ations are marginal

for agricultural development’ because they have slope limita- .

-ltions (see 1albe V~1)




. ':2a3c3 '

Thelﬁtentian'Association'1s'formed on terraces in
varying ‘stages of dissection with moderate to steep slopes.on

terrace edges. The terrace tops are generally level and’ only
- where Gleyic. Podzols occur-isg the land quite unsuitable for
development minor limitations common to-all sites result

from the strongly leached and acid Acrisols with additional

'limitstions of stoniness where pebble deposits occur.

The Kretam and Kalabakan Associations have short

fﬂmoderate to steep slopes and additional minor limitations.

The Kretam Assoclation has stony soils dnd 1arge boulders. are
common’ in" gome areas, g further hazard' to development is the

;unstable naturé of the’ parent material which 1s prone to

slumping ‘when disturbed “fox- ewample, during road construc-
tion, 011 palm has’ been planted howaver, at Tomanggong and

"Ylu Dusun ‘and’ while growth is- good problems of erosion are
_being experienced on steeper slopes at Ulu Dusun.ﬂ Mudstones

4re more: common in the" Kalabakna Associaiton, but’ slopes are

" modeérate to steep and the presence of Luvisols is only a

marginal advantage over “the: Acrisols of ithe Dalit
Association.  These Associations, which aré marginal in deve=
lopmerit terms,-are ‘most suited for tree crops and both rubber

'and oil palm sre already established in parts.i

These soil associations above—mentioned are mostly
included in Group 3. : .

_Soitable Land

Land which ‘has’ only minor limitstions and which is emi~

“nently suitable for agricultural development is found inthe

Silabukan, Rumidi and Lungmanis Associations (see stle V1), -

The minor limitations to. the agriosltural use of laand 1nf

=the Lungmanis, Rumidi and Silabukan Assoclations are the slo-
pes of the hills and imperfect to poor: drsinage in the

valleys. Drainage limitations are more: significant on- allu—'

“vial flats in the Lungmanis Association, put’ while soila are:

similar to those In the Kinabatangan Association, ‘the rigk of
flooding ig less as most areas. occur at greater distances '
from the main rivers. ‘In the Sandakan hilly areas lave -been
planted with rubber and others are currently being planted

__with oil palm. K

These soil associations sbovevmentioned are included in

' Gronp 2. o

_ The Kinabatangan Association consists of generally
poorly drained soils with sporadic swampy conditions. and the
Tuaran Association comprises: a range of soils where addi—-

'tional minor 1imitations include those of excesslve drainage."
"It ig on.land: included in these two sssociations that the
- local people subgist on annual crops, but none of these’ asso~

- clationg can be recomnended for agricultural development in

the. foreseesble future, . However, if measures are taken to o

. control flooding and largescale drainage ‘systems are’

installed then areas covered by the Tuaran and Kinabatangan

'.Associations could be made available for agricultnre, the '
_ area would be suitable for wet rice. R -

: _V"f'.7



3.1.1

.EXISTING'AGRICULTURE;

| STATE AGRICULTURE

The agricultumal sector plavs a relarively small bLL

_ increabingly Amportant part in the ‘external trade. econOmy.

However, in the internal economy it has a more- important role
in providing employment and a means of" 1ivelihood for a large
part of the population. As Tables V—3 and V-4 show, oil '
palm is by now the most. important c¢rop with rubber, coconuts
and cacao, the only other significant crops. 01l paln is.

.mainly grown on large private estates and Government eettle“

ment schemes,’ while rubber and coconuts are generally grown
on small to medium: sized holdings. " Cacao 1s a relatively new

T erop and its cultivation is at present limited. Iun the

central parts of the State, there is shifting culLivation.oi
rice, tapioca and maize, ‘Al though many people are involved,
this cultivaLion plays little or no part in the cash’ cconomyo

Export of Products

" Four- maior crops, except paddy, such as oil palm, cacao,

"rubber aund coconuts are concerned in export of primary agri-

cultural producte such as palm.oil, palm kernel, cacao beauns,
rubber and copra. : :

However, oil palm prodncts and cacao are increasing

-rapidly while rubber and copra productlion ‘has remained

fairly constant.  These figiures are supported by the planting_

area indicated in Table Vmé.;_

Imports of Agricultural Products and Materials

Agricultural Products

. The most 1mportant import commodity is rice of which
68,000 ‘tons were imported ia 1980 (see Table V- 53)@; Other:
imports of oelected agricultural products are maize, ground—

" nuts, sSugar, pineapples,'soya bean and chillies (see Table

v 5)

'Fertilizers and Chemicals .

The introduction of modern agricultnral technologies
requires more fertilizers and &hemicals, Therefore,

importing of those commodities. is increasing year by year

because there are no producrion factorieq in Sabah (see
Tables V-6 and V-7). :

Farm Machiner;

Farm’ machinery is: aloo 1mported from abroad However,

"_the.amount of imported machinery 15 still at a ]ow level (gee

Table V—S)
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3.2.1

3.2.2

3.2.3

fForestry
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* AGRTCULTURE~RELATED SECTORS

Liuestock'lnduStry :

_'Iheﬁliuestock induetry'is'at present'ueinly in the hands
of private small holders. Rural Development Corporation
(KPD) ‘has, however, become - actively involved in' recent vyears,

'particularly through the import of cattle and the introduc-
“tion of dairying. t' : :

- The introduction of. improved genetic material of
livestock into Sabah and the ‘subsequent establishment of
breeding and mul tiplication units have enabled private
livestock producers Lo partcipate in: the livestock industry.

" The kampon type poultry, pig, duck, goat and cattle could be

upgraded through the small commercial private farms in the

' rural areas, Livestock population flgures in the State are

given in Table V 9.'

There is a trend of change from the traditional
livestock raising practices to .the adoption of modern tech-
nology in ‘animal husbandry. ‘The availability of eredit faci~

- lities and marketing agency has also. injected new hope for

progress to those livestock producers ‘who are aware of the
need to. supply more animal’ protein among the rural folks and
the populace of the State in general._;- : :

. At pres:ent9 Sabah is practically self-sufficient in pork ..
(93?), in poultry meat: (934), and in eggs - (907). Only abour

' 25% of mutton requirements are supplied by locally raised

sheep. About’ 244 of beef is imported and 80% of it are live

cecattie - imported for slaughter ‘ffom ‘Australia. /1 'The number
: of livestock slaughtered in 1979 are “shown in Table V—IO.

'Inland Fishery

Environmental conditions are suitable for tﬁe culture of
several indigenous species and for the culture of high value:
exotic. species.; The ' Department of: Fisheries has been ecti-_
vely encouraging the development of fresh—water fishponds,
offering grants to those who build new ponds ‘and subsidizing
the import, production and distribution of fish” era The
number of’ ponds, ‘their total area, and the number of figh fry

: '-distributed annually have all’ ‘been’ increasing steedily over
~ ‘the ‘past 18_years (see Tables_v—ll,.velz,.lea and V-14).

g Forestry is the most‘important single g or in terms of

Sabah Regional ?lanning Study (SRPS), Final Report 2,
Productive Seéctot Studies.
: aource. SRPS : -

V-9
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