6. PROPQSED DAMSITE AND RESERVOIR AREA

6.1 General Description of the bamgite and Reserv01r Area

The proposed Berls dam81te is located in the narrow valm
ley of the Beris river, a left bank tributary of the Muda
rlver, 1.6 km upstream of the confluence of the Muda rlver and

the Beris rlver The riverbed is at El, 50 m.

A paved road linking Alor Setar, Nami', Slk and Gurn: (the
Naml Slk road) crosses the Muda river near Naml._ An unsealed
all- weather road branchlng off from the above mentioned road
'near Nami follows the left bank of the Muda river and leads to
_Kg. Kuala Beris, whlch is located near the confluence of the
Muda rlver and the Beris rlver. The right abutment of the
propoeed Beris dam is accessible from Kg; Kuala Beris by a

jeepable road on the right pank of the Beris river.

The reserv01r area extends into a hilly region to the
southeast of the damsite with peaks ranging from E1. 200 m to
El. 450 m.ﬁ Upstream area of the proposed reservoir is featur-
ed_by'mildly uhdulatinq terrain of low relief; through'which

runs the eastern patt of the Nami-Sik road.

‘The damsite and reservoir area are situated in the geo-
'logical orOQihée:of'Triassie_SemanggOl Formation, which con-
sist'of sandsﬁones;'shales, gritty sandstones and conglomera-
tes, . Instru51ve granlte is encountered at the upstream end of

the reserv01r area.

Sandstone and shale alternation covers much of the reser-
v01r areas 'Lenses of the gxltty sandstone and conglomelate
are exposed in the v1c1n1ty of the dam51te and on the right
-bank of the Charok Sungkai rlver, a right bank tributary. Mt.
Dada Ayam (EL. 447 m) on the rlght bank is composed of the

same geological formations,



The geologlcal structure of the reserv01r area exhibits a

north to south trend as presented in the general strike of the
bedding planes, though considerable dev1atlons are obsexved_
The dip of the strata varies in gradlent and direction. It is
bellevod that the boundary between the upstrtam granite zone
and the Semanggol Formation is a fault contact of northeaster-
ly and eashwwest trends., Also, a probable fault runs north-
westerly through the saddle damsite, 500 m to the north of the

main dam51te.

Although the slopes in the reservoir area appeér to be
covered with thick residual soil, these'lepes_are generally
of mild inclination. It is improbable that any rapid large
scale land slide would geopardlze the safety of the dam and
reservoir. There is no evidence of 90351b1e leakages through

- the bedrock in the reservoir rlm, which is sufficiently thick,

6.2 Geologidal Exploration

Geological exploration for the Beris dam and reservoir
area was carried out between December 1982 and March 1983; as
a part of the pre~feasibility study for the proposed six dams
under Paft 1 Study. For the Beris dam, two alternative dam-
sites were considered; the present main damsite was called
Damsite No.2 and the other site located 750 m upstream of.the
present main damsite was named Damsite No.l. Both 51tes are
located narrow vallies apparently suitable for concrete dams,'
but Damsite Wo.2, with the larger reservoir area will requlre
a saddle dam. A probable fault passing through the Dam51te'
No,1l and the saddle. damsite was detected during core drllllng
of 200 m in total length. 1t was then_judged that Damsite
No.2 should be selected because treatménﬁ.of the faﬁlt wdﬁld
be much easier for a lower saddle dam (Dam51te No.2} . than for

a higher dam (Damsite No. 1).

The gecological exploration in Part 2 Study including core

drilling and seismic exploration was condﬁcted between



December 1983 and March 1984 to examine the foundation geology
of Damsite No.2, the saddle damsite and some guarry sites.
Ou# 6f 18 holes of 520 m in totai length of drilling, 11 holes
totaliing 310 m in drilling iength for the main damsite and an
alternative quarry site were financed by the Government of
Malaysia and the remaining 7 holes of 210 m of drilling and

2,100 m of seismic exploration were undertaken by JICA.

6.3 Geology of Damsite

- The river channel, 20 m in width, adjoins mountain slopes
of 30° on both banks. If frequently expcseé.bedrocks such as
qritty sandstones and congiomerate, while the river deposits
are shallow and at a steep slope of about 1/100. Thére afe
small scale talus deposits near the brooks which ére located
50 'm upstream and 250 m downstream of the proposed dam axis on
the left bank. ©On the right bank, there are no brooks but

gritty sandstones and conglomerate outcrops.

The Triassic Semanggol Formation of gritty sandstones and
conglomerate, sandstones, alternations of shales ahd fine
grained sandstones 1s overlain by alluvial aeposits in the
vicinity of the main damsite. Gritty sandstones and conglo-
merates are dominant at the main damsite -and contain many
frégments of slate and quartzite of less than 2 ¢cm in dia~
meter. They are highly resistant to weathering because their
matriXes and fragments are hard and well cemented, Sandstones
are also hard aﬁd resistant to weathering, .derived from coarse
-qréihed quartzite. Shales occur in far remote area from the

main damsite.

:_'-The bedding plane strikes at N45E and dips ZONW,.approxi—
mately parallel to the left bank slope. Joints develop at
intervals of 2 m to 3 m parallel to an perpendicular to the

~ bedding plane. No sign of fault was observed,

Topsoil of extremely soft, unsaturated c¢lay containing

rock fragments and 1 m in depth covers the surface of slopes,



tending thicker in higher parts of slopes Riverbed and other

areas of outcrops ‘of sandstone and- conglomerate lack this laym
er, ‘Residual soils of very stiff clay containing many rock
fragments are located under the topseil to a thlckness of 1 m
to 2 m. The upper weathered zone of 1 m to 3 m in thlckness_
comprises strongly weathered rocks accompanled by freguent
‘cracks and jOlntS. The lower weathered zone of apparently
fresh but weathered rocks is about 1 m thick at the bottom of
the valley but increaes in thickness to 10 m towards the upper
portlon:of the elopes. The fresh rock zone of alternatlng
sandstone, conglomerate and’ grltty gsandstone has rather fre"
guent Jjoints but the gritty sandstones in the right bank are

almost monolithic,

According to water . pressure tests in the bore‘.hdles}
these rocks are sufficiently Qater tight;_generally‘shOWing
Lugeon values of less than 10 eXcept'in surfacial sections.
High Lugeon values of more than 100 were measured in a depth

of more than 15 m near the toe of the proposed dam.

Judging from the results of this-geologiCal exploration,
a concrete gravity dam should be built on the tbp:Of the lower
weathered zone. The required average excevation"depth=will be
7 m in the léft abutment, 5 m in the fight'abutment'_andv4'm
- in the riverbed section reSpecti\fely° If a fill type dam is
selected, the foundation of the 1mperv1ous core also should be
at the top of the lower weathered zone, but the shell zone
could be placed on the top of upper weathered zone. The per-
meability of the rocks is generally small but it is relatively
hlgh in fractured or heavily weathered rocks, which ocecur: lo—
cally. Curtain groutlng along the dam axis should prov1de

reasonable waLer tightness,
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6.4 Geology of Saddle Damsite

~ The proposed saddle damsite is located 700 'm to the
northwest of the main damsite., The lowest ground'of the sad-
dle is at El. 70 m, The topography of this site is gentle,
and the overburden of topsoil and residual soil is 4 m to 10 m

in depth.

The bedrock in the left abutment is. mainly composed of
sandstone and gritty sandstone ‘with subordlnate inter-bedded
onglomerate, but  that in the right abutment is alternations
of shale and fine'grained sandstone. Core_samplee'were gene-—
_rally in poor condition. 'Particnlarly“weak shales and sand-
'etone werefrecovered in_fragile condition in sections below 10
m_infthe middle of the proposed dam axis, very-likeiy indicat-
_ing'the'presence of a fault zone perpendicular to the axis,
‘Another fault zone is suspected in the right abutment, where a

low velocity zone was detected.

Topsoil and residual soil develop at a depth of 5 - 6 m
in the left abutment and 3 - 4 m in the tight' abutment.
Sttongly weathered rocks involving stiff clay constitute the
.upper weathefed zone of 1 - 5 m in thickness. The lower wea-
thered' zone of apparently fresh rocks but bearing latent
cracks is 8 - 15 m thick in the left abutment, but 5 - 10 m
thick-in'the rignt abutment. Fresh rocks underneath are ra-

ther intensively cracked.

_ Permeability.is generally low; Lugeon units are lower
than 15 in most test sections. The fault zone inferred in the
middle of the dam axis and superficial weathered =zone show
rather low permeability, persumably beoause of the clayey ma-
terial included, The' rather high 'permeability detected in
deep zones near both ends of the proposed saddle dam crest was

“attributed to open cracks in fresh hard rocks,

A rockfill dam is definitly more economical than.a con-

‘crete- - gravity dam at the saddle damsite, because of the flat



topography. The impervious core should be built:on top of the
lower weathered zone, which can be reached by eXcavation of

-~ 12 m in depth on the left abutment and 5 - g m.in depth on

5

the right abutment. Excavation for - the foundatlon of the
shell zone of the embankment is only 3 m on an average to t0p

of the upper weathered zone,

The relatively highly pervious zone can be improved by
conventional cemeht grouting. In order to seal possible see-
page passages in the lower weatheled zone, curtaln grouting 15
recommended of about 20 m at close 1ntervals. The inferred
fault zone in the middle of the dam axis is assumcd to be com~
pbsed of several minoy faulte,'con31derlng that it was not
revealed by the seismic exploration.V These feﬁlts shoeld'be'
treated by slush grouting or if requlred with dental concrete
with grouting. A sxmllar_treatment should be given to the

inferred fault on the right abutment.

6.5 Construction Material

I+ is estimated that the as-built volume of required con-
struction materials is. 60,000 m3'of concrete aggregate, 80,000
m? of rockfill, 20,000 m> of filter and transition and 25,000

3 . _
m~ of impervious core.

Soils and earth materials were investigated by test pitt.~
ing, sampling and laboratory tests and rock materials were

explored by core boring and seismic survey.

(1) Impervious Soils

Residual soils in the vicinity of the propbsed Beris dam-
site originate from either sandstone or shale, and alldvial

deposits rarely occur,

Two  borrow pit 51tes for 1mperV1ous 5011 materlals are
proposed on the right bank of the Beris river downstream of
the proposed damsite, borrow pit site 1 (Bl) is located 0.8 -
1.5 km to the west of the saddle damsite and borrow pit site 2



{B2) 0.3 - 1.1 km to the northwest of the saddle damsite. The
depth of soil varies between 2 m and 5 m from the ground sur-

face and the available volume was estimated to be 400,000 m3
for Bl site and B2 site.

Bl site is an area of shale originated soils of inorganic
clay of high plasticity or inorganic silt, which will have
poor trafficability in the rainy season, be difficult in mois-
ture_COntrol and will be weak in shear. These soils contain
fine ‘particles, sugdesting liability to shrinkage cracks.
These soils are not recomnendable as impervious core material

because they would need costly blending with coarse material.

The soils at B2 site are of sandstone origin. They are
silty sands, clayey sands or sandy clays with low to medium
plasticity.' These soils are recommended as impervious core
material because of better engineering properties than the
shale originated soils. In order to sustain adeguate traffi-~
cability, it is recommended to compact these soils in drier
side of optimum moisture content. The cohesion is fairly high
~but the internal friction angle is rather small, An internal
'ffiction_angle of 22° and cohesion of 5 t/m2 are preliminarily

recommended as design values,

{(2) Sand and Gravel

Sand and gravel deposits are scarce in the vibinity of
the proposedrBeris damsite, but relatively large déposits were
found at 3 places in the Beris river and at one location in
the Muda river. The materials in the Beris river occur shal-
low deposits about 1 m thick, and in the low flow channel.
They aré generally well graded with a maximum size less than
10 mm. Sand and gravel in the Muda river are medium to coarse
sands occuring in 2 m thick deposit in  the river channel.
They are well graded with a maximum size of 10 mm, The avai-
lable volume, 10,000 m3 each in the Beris river and the Muda

river, is too small to meet all requirements.



{3) Rocks

Three quarry sites were investigated and are proposed.

Qouarry site 1 is located on the upper half of the left
abutment slope of the main damsite. The rock consists of con-

glomerates and sandstone which are intensively weathered to

‘more than 40 wm in depth.

Phe core samples taken from bore holes show that the
rocks  are very cracky and badly deteriorated by subsurface
'weather;ng. Consequently, it was judged that the rocks at the
quarry'site 1 {Ql) were not suitable for concrete aggregate

materials.

Qﬁarry site 2 (Q2) is located on the ridge'of El. 130 m
to 150 m between the main damsite and the saddle damsite. It
is about 200 m distant from the saddle damsite and 500 m from

the main damsite.

The rocks are mainly conglomerates, but a Sandstone.layer
5 'm thick is located about 20 m below the ground sUrfaceg The
thickness of topsoil is only 3 meters and hard fresh bedrock
is encountered immediately beneath the topsoil., 'The'qﬁality
and quantity of the bedrock at quarry site 2 (02) were judged
to be satlsfactory both for concrete aggregate materlals in
the main dam and its appurtenant structures, and for embank-~

meﬁt materials in the saadle dam,

Quarry site 3 (Q3) is located on the left bank slope of
the Beris river about 200 m downstream of quarry site 1 (1),
The geology of the site conelste of two bedrock zones, sand-
stones with thickness of 20 m from the ground surface and
" conglomerates developing beneath the sandstone zone. The

thickness of topscil is about 3 m.

The quality of sandstones 1is relatively.hard'and 1ese
cracky compared with that'in_quarry site 1 (Ql). The conglo-

merates are, however, cracky. The efficiency of excavation in
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quarry site 3 (Q3) will be poor, though the quality of rock is
much better than that in quarry site 1 (Ql). |

Consequently, the quarfy site 2 (Q2) is the best quarry.
site for the construction of the Beris - dam followed by the
quarry site 3 (QB}. The available volume was estimated to be
400 x ‘1O‘m3 at quarry site 2 (Q2) and 200 x 103m3 at gquarry
site 3 (Q3).

6.6 Land Use in the Proposed Reservoir Area

‘The proposed Beris reservoir area is covered by a forest
reserve in its northwestern half and forest largely developed
for rubber cultivation by smallholders in the southeastern
half. The Nami - Sik road passes to the porth- northeast ac-
ross the southeastern part of the proposed reservoir area.
There are three v111ages along the above—mentloned_road. They
are Kg. Batu Seketul ({population: 500) , Xg. Sg;'Batang {pop.
1,600) and Kg. Terenas (pop 500). Residential areas and mix-
ed cultivation areas and paddy fields are located 1in and
around the villages. Most publlc facilities are located in
Kg. Sg. Batang. DA low voltage power line. is under construc-

_tion for electricity supply to Kg. Sg. Batang. A map of
present land use in the proposed reservoir area 1is shown in

Plate 1.

The reservoir surface area was estimated to be 1,597 ha
at the maximum water level of El. 87.7 m of the recommended
plan. Present land use is classified into rubber plantations
of 492 ha, paddy'fields of 143 ha, residential and mixed cul-
thathH areas of 261 ha, unalienated forest of 561 ha and

a]lenated fOIeot of 140 ha.

If the prdposed reservoir is created, 336 houses out of
510 will be flooded; 54 out of 100 in Kg. Batu Seketul, 231
out of 280 in Kg. Sg. Batang and 51 out of 130 in Xg. Terenas,

and the Nami-Sik road will be submerged over a length of 4.2

km,



6.7 ¥Flood Analysis

" pccording to hourly rainfall records at Jeniang for 1953/
54 -~ 1982/83, a large storm rainfall never lasted more than 24
hours and most rainfalls. occurred during. the 1n1tla] few hours
of each storm. The highest 24-h rainfall was 184 o in the
above-mentioned period Analysis shows that ‘the 24~h probable
rainfall is 100 mm for a return period of 2 years, 165 mm for
a return period of 20 years, 206 mm for a return perlod of 100

years and 323 mm for a return period of 10, 000 years.

Probeble max imum prec1p1tatlon {(PMP) iﬁ the catchment
area of the Berls dam was estimated . by the method rccommended
by WMO (Ref 3). A rain storm recorded at the Malacca Airport
on June 6, 1979 was the largest that occurred in . the west
coast between 1979 and 1983. 1Its 24-h ralnfall was 283 mm and
deW'point was 24°C, A dew point of a little less than 27°C
was the hlghest one lasting for 24 hours recorded at the Alor
Setar airport since 1972. PMP in the catchment area of the
Beris dam was estimated to be 350 mm in terms of point rain-

~fall, by maximizing and transposing, the above~mentloned storm
rainfall assuming a maximum dew point of 27°C in the catchment

area.

An unithydrograph at the Beris dam site was.derived from
recorded floods at the Jeniéng hydroiogical.staticn'by means
of the dimensionless hydrograph method (Refs. 4 and 5). Hydro~
graphs of ?robable floods and the prcbable'maximum.flood (PMF)
were derived by applying the unithydrcgraph to the estimated
probable rainfall and PMP, with certain assumptions on'hydro?
graph, areail reduction factor of rainfall, rainfell.loss and
base flow, The resulting flood hydrographs show that dis—
charges would increase to a peak in 8 hours after the beglnn
ning of storm rainfall in the catchment area, thereafter they
- would come back to the same order of magnltude as before the
storm by 24 hours from the beglnnjng of the storm rainfall.

The estimated peak discharge was 194 m /s for a return period
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3 o :
of 2 years, 364 m /s for a return pexiOd of 20 years, 481 m3/s

for a return period of 100 yearS, 817 m /s for a return period
of 10,000 years,

14'

and 897 m /s for .the PMF as shown in Table



7. DESCRIPTION OF PR=OPOSED FACILITIES

The recommended design of the Beris dam and related faci-

lities is shown in Plates 2 to 4.

7.1 Scale of the Project

The scale of the Beris dam prOjeCt was determined on the
ba81s of the profit maximization crlterla, in: which the net
benefit of a project was maximized at the optimum scale of the

project.

The construction cost of the Beris dam and related faci—
lities was estimated For reservoir normal high water levels
(HWL) of El. 77 m, El. 83 m, EL. 85 m and El. 88 m, respec-
'tiVely, assuming that the main dam would be a concrete gravity

dam and the =zaddle dam would be a rockfill dam.

The storage capacity Which:would_be_utilized'for water
regulation "the active storage capacity", lies between HWL and
low water level (LWL). The top of the Sedlment depos;t in the
reservoir was estimated to be at El. 65.5 m, assuming that
sediment would be deposited horizontally at a rate of 26.9 x
103m3/y for 100 years. The elevation of LWL waé”détermihed at
such a height above the top of the 100-year_sedimen£ deposit
as required for the operation of an outlet Ifqr ‘releasing
.wate;, The storage capacity beloﬁ LWL is “the dead storage
capacity". The active storage capacity is.estimated, when HWL
and LWL are fixed.

The net regulated outflow from the Befis dam was estimat-

ed to be 32 x 10%n> for HWL of El. 77m, 52 x 10°n® for HWL of

El, 83 m, 66 x 10°n” for HWL of 85 m and 68 x 10°n® for mWL of
88 m, accordlng to the operation rule described in Section
4,3, as an average annual vgiume for the years of hydrologiéal

record (1961 and 1983).



The unit benefit per net requlated outflow was assumed to
be between M$0.59/m3 and M$1.31/m3.

The present value'of'benefits and costs were calculated
for discount rates of 8% and 12%.

It 1s recommended that HWL be set at El. 85 m, because
the net benefit would be maximum at this elevation as shown in
Fig. 5.

At the recomménded scaie, the maximum water level (FWL)
would be at El. 87.7 m, HWL El. 85 m and LWL EL. 69 m,' The
réserVoir surface area would'be 16 km at FWL, 13 km at HWL
and .2 km2 at LWL. The gross storage capac1ty would be 153. 4 X

106m3 including a flood storage capacity of 42.1 X 106m3, act—
1ve storage capacity of 102.4 x 1O6m3 and dead storage capaci-
6 3

‘ty of 8.9 x 10°m™.

7.2 Diversion Facilities

' Foundation excavation and concreting of the main dam must
‘be conducted in the dry. For this purpose the river would be
diverted through a diversion tunnel and the dam foundation is
kept dry by  being protected from flooding by upstream and

downstream cofferdams.

- A divérsion'tunnel of 215 m in length and 1/54 in slope
would. be driven through the right abutment of the main dam.
It would have a concrete lined horseshoe shaped cross section
of 5.0 m in.diameter A gate slot would be provided at the
_1nlet to the tunnel to install a fixed roller gate for closing

the tunnel. Permanent closure would be made with a COncrete

plug sysémi

The upstream cofferddm would be a concrete graV1ty dam
about 10 m in helght with the crest at El. 62 m. The down-
stream_cofferdam would be a rockfill dam about 3.5 m in height

with the crest at El. 51.5 m.-



The diversion tunnel would be capable of discharging 200
m3/é, under free flow conditions, if the upstream water sur-
face is at El. 61.8 m. This discharge caoacity'which approxjw
mately correSponds to the peak dlscharge of a 2~year flood
follows normal practice in concrete dam construction. A larq-
er flood may overtop the upstream ‘cofferdam as well as the

main dam at the stage when only the lower portlon of the dam

is completed.

The upstream water surface may rise, if a }arge flood
takes place while the ‘main dam is already hlgh Mo cdfferdam
would be requlred for the saddle dam, however, because even a
20~year flood would only raise the upstream water surface to
£l. 64 m, which would still be 5 m lower than the lowest

ground surface at the saddle damsite.

7.3 Main Dam

The proposed main dam would be a concrete gravity dam of
41 m in the maximum helght, 150 m in crest léngth and 55.2 x
10°m> in volume. )

The crest elevation of the dam would'be.El. 89 m, which
allows for wave height above FWL. The cross section of the
dam is based on a basic_triangle_of vertical upstream face and
a downstream slope of 1:0.8. The effective width of the crest

i 6 m.

Curtain grouting would be conducted at varying‘depth of 6
m to 36 m at the upstream toe of dam, in order to provide a
water tight curtain in the foundation rock. Short hole grout-
ing would be carried out over the dam foundation to consoli-
date the surface of the foundation, An inspection gallery
would be provided near the upstream toe of the dam. Drain

holes would be drilled for the reduction of uplift pressure.

A rockfill dam waé designed for consideration as an al-

ternative to the proposéd concrete dam, In this'design,“two



lines of diversion tunnels of 5.0 m in diameter would be dri-
ven through the right abutment and a chute spillway would be
provided on the left abutment. A concrete dam is, however,
recommended’ as against a rockfill dam, since there will be a
cost saving'of 25% in terms of the construction cost at 1983

constant prices,

7.4 Spillway

A spillway would be provided to release water which can-
not be retained in the reservoir. It is proposed that the
Spillway be provided in the central section 6f-the main dam.
A non-gated ogee crest would be set at El. 85 m to coincide.
with HWL. The downstream slope of the dam would be utilized
as the chuteway. A concrete lined stilling basin type energy
dissipator 31 m in length is constructed downstream of the toe
of thé'dam. The bottom of the apron and the base of the stil-
ling basin would be El. 45.2 m with an abrupt rise to El. 49 m
at the downstream end. The width of the spillway would be 20
m, being limited by the width of the valley. A bridge would

be provided over the crest of the spillway.

Any faiiure of a dam impounding a large volume of water
such as the pfopdsed Beris dam may jeopardize human life as
well as various properties. The discharge capacity of the
Spiilway.has béén, therefore, so determined that the rise in
thenréServoir water surface does not eﬁdanger the dam even in

the event of the PMF.

The proposed reservoir area of 13 ki’ covers mostly flat
land, out of ilG.ka of the catchment area, Flcod outside the
reservoir area will rush down steep slopes. When they enter
thehreServoir, they will propagate as surface waves which will
be-felﬁ almost instantancously at the damsite. Furthermore
fainfail on the reservoir surface will tend to increase water
1evél:immediétely.f'Ih consequénce, the travel time of a flood

after creation of the reservolr will be much shorter and if



the reservoir effects are disregarded the peak discharge.Would
be much larger than. pefore. The. peak discharge would be 900
m /s and rising phase would be 8 hours if PMF takes place
under without-reservoir condition as described in, Sectlon 6.7.
on the other hand the peak dlSCharge would be 14, 200 m /s and
the rising phase 1 hour if PMF occurs under with- reservoir
condition. These figures were calculated on the assumption
.that the reserVOLr water surfaCe would remain at a fixed ele-
vation all the time only for the purpose of deSan. In an
actual reservolr, the flood would partly be retained in the
reservoir causing a rise in the water level and partly run

throuqh a spillway.

A flood routlnq study has shown that PMF w1th a peak dis-
charge of 4,200 m /s would railse reservoir water surface from
El. 85 m to El. 86.9 m causing a maximum outflow of 111 m /s
through the Splllway, 5 hours after the beginning of flood.
In determining the FWL of the reservoir and the discharge ca-
pacity of the spillway, a PMF occuring 24 hours after a 100~
year flood is assumed according to a recommendation.of'the_US
Bureau of Reclamation. The peak discharge of 100-year flood
was estimated to be 2,500 m /s under with-reservoir condition.
in this case, the maximum reservoir water level was El. 87.7 m
and the maximum outflow was 200 m3/s. The cleardnce of the
spillway bridge and dimensiens of side walls and enefgy'diSSih

pator were determined for an outflow discharge of 200 m3/s.

7.5 Outlet Works

Outlet works would be provided on the face of thermain
dam, in order to release water from the reservoir to the'down-
stream river course at varying rates between 0.2'm3/s-and 15

3 .
wm~/s as required by downstream water users. .

The outlet works would con51st of two sets of fa0111t1es
each capable of releasing 15 m /s, the maximum . release rate of

the system, even if the reservoir water surface was at ILWL.
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Each set of facilities would comprise an intake shaft with the
bottom at El., 55 m on the upstream face of dam, a steel pen-
stock of 1,5 m in diameter embedded in the dam body, a guard

valve and a hollow jet valve of 1.5 m in diameter.

In the intake shaft, a fixed trash rack and an intake
stop log gates would be provided. An intake stop log gate is
commonly used for the closure of a penstock pipe by using a

monorail crane installed on the dam crest.

_ A valve house would be constructed near the downstream
‘toe of the dam c¢n a backfilled area.behind the side wall of
the stilling basin. Tt would house the guard valves and con-
‘trol devices for all the valves. The hollow jet valves open
to the stilling basin over the side wall. In order to release
small di3charges, a high pressure slide gate valve of 0.6 m in
diameter would be installed at the end of a branch of the pen-

stock in each of the outlet facilities.

7.6 Saddle Dam

The proposed saddle dam would be a zoned rockfill dam
with a central earth core of 28 m maximum height, 160 m in
crest-iength and 121.6 x 103m3 in volume.

The crest elevation of the dam would be El. 90.5 m, which
will alloﬁ 0.9 m of pervious fill above the core zone and 1.9
m of freeboard iﬁcluding wave run-up (0.9 m) above FWL of ELl.
87.7 m. The upstream slope would be 1:2.3, downstream slope

1:1.8, and crest width 8 m.

Curtain'gfouting and blanket grouting would be provided
in the foundations of the core section. The faults inferred
in the middle portion and right abutment would be treated by

slush groutlng or, if requlred with dental concrete and grout-

ing.



7.7 RélpcationIRoad

A new road of 11.9 km in length would be required alofig
the eastern rim of the reserv01r as 'a relocation of the Nami-
S5ik road. The road would be de51gned as an asphalt penetra—
tion macadam pavement of 5.5 m in effectlve w1dth, A 300 m
bridge would be cbnstructed across a narrow portion of the
reservoir' This would consists of a 6.5 m Wlde 20 m span preu

cast PC glrders.

7.8 Hydropower Development Study

A swmall scale hydropower development wouhi be'p0551ble,
for the Beris dam pro;ect by utilizing potential of’ outflow
dlscharge when the reservoir would be - operated to meet. the
downstream water ‘demand. The power station: would be able to
be operated approx1mately for 7 months a year and the annual
energy output of the power statlon was estlmated ‘to be 4,05
GWh on average with an -installed capa01ty of '3, 000 KW. . The
net present value of 1ncremental (B~C) in’ case of the power
statlon being added was, ‘however calculated to be negatlve ‘at
the interest rate of 8%. The hydrOpower development -at the

Beris dam is not economlcally justified.
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8. . CONSTRUCTION SCHEDULE AND COST

8.1 Construction Schedule
8.1.1 Time schedule

It is estlmated that pre- constructlon activities 1nclud"
ing detalled deblgn, pre qualification’ of tenderers, tenders
and contract negotlatlon w1ll take 21 months, i. €., the cone
structlon work would commence at the beglnnlng of June 1987 if
the detalled de51gn were started at the beginning of September
- 1985. Constructlon work should be completed in 31 months by
the end of 19289, allow1ng 12 months for initial filling of, the
. reservoir before oommisSioning of the Beris dam at the begin-

ning of the 6MP period.

The construction schedule for the project is shown in

Fig. 6.

8.1.2 ConStruction works

Major construction works of the project would consist of
preparatory works, river diversion works, main dam works, sad-

dle dam works and relocation road works.

Construction facilities required for the dam would in-
clude access roads, power and water supply systems, telecom-
mﬁhicatiohe,'temporary buildings and heévy construction faci-
lities such as’ 'a cable «crane, concrete batching and rock
Crushing plants. The 'layout of these construction facilities

'is”shown in Plate 2.

For _the riverx dlver31on 'works, the qﬁahtity of tunnel
excavatlon is estimated to be 7.3 x 10 m3 and which should be
'completed in 2 months by a-2 Shlft system so as to divert the
-rzver water to the tunnel in January 1288 when the water stage

of the river is low._



he foundatlon treatment of the main dam would be carried
out by means of cement grouting. The total grouting length of

5.52 % 103 m would take & mOnths.

 The dam concrete of 55.2 x 10 m3 totai velume &ould take

19 months. Temperature control will be necessary for mass

concrete. If natural cooling is relied upon without any artl_
ficial cooling, the minimam lift interval will be 5 days.

fhe embankment of the saddle dam would be 121.6 3'103m3

in total volume which 1ncludes 22,3 x 103m3'for eore; 18;6 X

103m3 for filter and tranSLtlon and 80.7 x 1O3m3 for rock ma~

terials, The bedrock of the saddle dam would be treated by

ordinary blanket and curtain grouting.

8.1.3 Construction equipment and materiéle

“The pr1n01pal items of constructlon equlpment required
for the constructlon works are listed in Table 15. The requir=

ed construction materlals were estlmated as shown ln Table 16,

8.2 Cost Esmiate.
8.2.1 Assumptions
The following assumptions were employed for the estimate
of construction cost:
(1) Costs estimated at end of 1983 prlce levels..

(2) Cost calculated in terms of the Malay51an Rlngglt

for both foreign and local currency portlons.
(3} Exchange rates are:_US$1 0 = MBS§2.312 = %231, 6

(4) Price escalatlon rate assumed to be 5% per annum for

both foreign and local currency. portlons

8.2.2 Basic cost
The main construction cost were cstimated on a unit price

basis., Unit costs were computed from basic labour, ‘material
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and equipment costs and production rate estimated in the. con-
sturction planning, and were compared with recent tender rates
in Malaysia.

Tables 17 and 18 show current daily labour wage rates and
major material costs.

8.2.3 Construction cost

“The construcﬁion cost is a sum of the direét construction
cost; the indiredtrqost and the'contingéncy. The direct coét
is caiculated_by applying the unit construction cosﬁs to the
wo;k Quantities=derived from the proposed design. The indi-
rect cost includes the land compensation costs, and governmeht
administration ahd'engineering-services cost, The CQntinQenéy
consists of physical contingency and price escalation allow-
ance, The physical contingency is assumed to be 20% of the
diréét and indirect costs, while the price escalatioﬁ is as-
sumed  to be 5% per annum for both'fofeiqn and local compo~‘

nents.

Interest during the construction period was not included

in this estimate.

The construction_cbst was estimated to be M$96,590,600”in
tbtal comprising M$20,450,000 for the foreign currency portion
and'M$76,140,000 for the local currency portion'as shown in
mables 19 and 20.

An estimated disburéement_schedule for the constrﬁction
cost is given in Table 21 according to the construction sche-
dule, in‘which'an advance payment of M$5,000,000 for civil

works was assumed,

8§.2.4 Operation and maintenance cost
‘The annual operation and maintenance costs of the Beris

dam weﬁe estimated at M$160,000 in total as shown in Table 22.



9, LAND ACQUISITION AND ENVIRONMENTAL STUDIES

9.1 Land Acquisition Cost

Land acquisition cost will cdnsist'bf compensétion costs,
and relocation costs of public facilities. Compénsatioﬁ costs
include payment for purchase of égricultural lang, alienated
forest to private personnel and relocation of families. Pub~
lic faciiities' to be relocated will include a part of the
Nami-Sik road, a low voltage power line, a mosque, a school, a
surau, a cemetery, a hospital and other public buildiﬁgs;
‘Amony these the relocation costs of the Nami~Sik road and low
voltage power line have been excluded here from the land ac-
quisition cost as they have been included in the direct con-

struction Cost.

The land acquisition costs were estimated on the preseént
market prices and information provided by the Kedah Economic
Development Authority {(KEDA) and the State Valuation Dépéfﬁf
ment. The relocation cost of families are classified into
three classes, based on the type of hOuse; class A: wood and
concrete, class B: wood, class C: bamboo. The estimated land

acquisition cost is shown in Table 23.

9.2 Resettlement Plan

Tt should be noted that the resettlement plén in this
Study was preliminary because a socio—écoﬁomie'study had not
been conducted and a definitive resettlement plan shodld'be
prepared on the basis of the résulté of the detailed socio-
economic survey which should be ‘completed byu.the..detailed :
design stage. In this study, it was assumed that new land:
would be developed to allow the same land uses as at preéeht

in the proposed flooded area.

In view of the importance of maintaining village communi-~

 ties, the following criteria were assumed: (1) . the whole of



89. Batang village (280 households) would be resettled in the
new area even though some houses in this village will not be
aﬁfécted by the reservoir; (2) all families of the submerged
houses'(54 households) in Batu Seketul village would be reset-
tled in the new area; (3) the houses not affected would remain
because they can be kept within the village community along
with the relocated houses owing to close location; {4} sub-
merged hduses in Terenas village (51 héusehblds)'would be ab-
sorbed'into_the community center zone of Terenas village which
will be not affected by the Beris reservoir, and no resettle-

ment plan was proposed er'submerged houses in this village,.

The proposed resettlement area for residential/mixed cul-
tivation area and paddy field is located to the east of the
Namifsik'rgéd about 3 km to the northeast of Kg.. Batu Seketul,
The present-land use in the area of 400 ha comprises 100 ha of
forest reserve and 300 ha of rubber farms. A mosgue and other
public facilities would be located in the proposed resettle-
ment area. . There are rubber farms along the proposed reloca-
tion road of the Nami-Sik road. There are prospects that
1,000 ha of potential land for rubber farms could be secured
' froﬁi the  foreét reserve adjacent the above—mentioned_'rubber
farms and on the western side of the existing Nami-Sik road
near the proposed resettlement area. It is proposed that 500
ha of thesé rubber fafms be developed for resettlement. The

resettlement cdst was estimated as shown in Table 24,

9.3 Envirvonmental Studies

fSusPendéd solids will increase in the downstream river
cbﬁrse:ahd_increased heavy traffic will be a problem during
thé_conétrﬁction period. There may be some interuption of
river flow during initial filling of the reservoir. These
adverse effects can be mitigated by installing a sedimentation
pond, by controlling traffic.and by providing a temporary by-
pass_chahnel. After the'completion of the Beris dam, flood

" discharges will be significantly reduced owing to large flood



space in the reservoir, and the eutrophication and other ad-

verse effects to wildlife are Unlikéiy_to ocour.,
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10. FECONOMIC ANALYSIS

10.1 Assumptiohs

The proposed Beris dam will benefit all water ‘users in
the Kedah-Muda-Perai river system and no exclusive water users
will be supplied by the dam. Benefits attributable to the

prbposed-Beris_dam were, therefore, estimated based on a unit

value of the water output.

The output of the Beris dam will be allocated to benefi-

ciaries as described in Section 3.4,

All'bénefits éhd CoSts were estimated on the basis of
price levels at the end of 1983 for an evaluation period of 50

Years starting from the beginning of 1984,

10.2 Economic Benefit
10.2.1 Irrigation benefit

The economic irrigation benefit is defined as an incre-
ment of the economic net production value of paddy attribut-

able to newly déveloPéd water resources and to the improved

water distribution system,

It is aésumed.that all water demand and avaiiable water
remain at’the level of 1983 under the without—projeét condi-
tion. On the other hand, under the with-projéct condition it
is dssumed that,'tertiafy ‘development in the MADA area and
minoy ifrigation deﬁelbpment'will continue and that water de-

- mand will increase as projected.

Under the without-project condition, it is assumed that
water supply to the MADA area will be limited on average to
- 70% of the total area for off-season cropping to avoid the

délays of ‘a fiked'crOpping schedule. In the rainfed paddy



cultivation areas outslde the MADA area, it 1is assumed'that

there will be no minor 1rr1gatlon development.

Under the with—-project condition, it is assumed that; new
tertiary development project will be executed in the MADA area
follow1ng the completion of on901nq Muda 11 pIOJECt the whole
of the MADA area will be provided with tertiary system by
2000. the existing minor irrigation schemes diverting irriga-
tion water from the main styreams of the Kedah and Muda. river
and the MADA main canal will be fully 1rr1gated thloughout the
year; minor irrigation projects will be developed where avai-
lable water in tributaries can meet more than 50% of the water

demand for the off-season cropping.

(1} Crop yeild

According to paddy statistibs, the averagé paddy'yéild
was 3.3'tén/ha for the off-season cropping in 1982 and 4;3
ton/ha for the main season cropping in 1982/83 in the MADA
area. It is 2.2 ton/ha in the rainfed areas and 3.2 ton/ha in
the minor irrigation scheme areas in other paddy cultivation

areas of the Region.

In the MADA area, paddy yield of the dry season crop has
recently shown a sharp decliné.due to the.outbréak_of pests
and diseases under continuous growth of the crop all=the yéar
round. With the introduction of one month fallow period in
the fixed cropping schedule, the average paddy yield for the
future under the without- -project condition is assumed to be
4,0 ton/ha for one crop season, ‘There is no incentive for
farmers in other areas to increase paddy productibn under

without-project condition.

If sufficient water is made available throﬁ§h new water
resources develoPment and tlmely distribution to farm plots by
the improvement of tertiary canal systems, paddy ylelds can be
maximized under a reasonable cropping pattern. Coupled with

the optimum application of fertilizer and water, this cropping



pattern'enables agronomic control of pests and diseases and

growth of longer varieties with higher yieid.

It was assumed therefore that the paddy yvield in the MADA
area will be 5.0 ton/ha on average for one crop season when
sufficient water is available and tertiary development has
been provided, For the minor irrigation projects scheduled
for development after 1984, the avefage paddy yield was assum-
zgd to be 4.5 ton/ha on average for one crop season when suf-
ficient water is available and tertiary canal density is 45
m/ha.

on existing minor irrigation projects which'depend on the
discharge of tributaries -for their irrigation water, it was
assumed that the average crop yield would remain at the pre-
sent level of 3.2 ton/ha for one ¢rop. season since no struc-

tural improvements are likely to have been made.

(2} Wet production value

The economic farm gate price of paddy was estimated to be
M$548/toh at 1983 constant prices as derived from the IBRD
projected international price of rice F.0,B. Bangkok for the
period of 1990 - 1995, A 10% discount in quality and an aver-
age milling rate of 65% were assumed in the above estimated

price,.

The net production value of paddy was estimated from the
economic view point as the difference between the gross pro-
duction value and production cost including family labour cost
ahd gd#erhmént subsidized fertilizer cost., The net production

values estimated at 1983 price level are as shown in Table 25.

{3) Crop intensity
‘The schedule of double cropbing a vear in the MADA area
is always staggered due to the insufficient water supply and

lack of timely water distribution system, The period of every

two crops exceeds one year resulting in the presence of rice



plants in the MADA area throughout the year - Such a situation
causes cancellation of off- season cropplng every 6 vyears as
well as the occurrence of pests and dlseaSLs during the off-
season, - Consequently, the average ‘erop intensity was assumed
to be 170% in the MADA area under  the without- pro;ect condi-
tion, The assumed crop 1nten51ty for minor 1rr1qatlon schenes

ranges - from 100% to 200% depending on water availability in

individual projects.

Under the with-project condition, the crop inténsity in
the whole MADA area was taken to be 200% on the assumption
. that minor topography will be solved by tertiary development{
For minor irrigation projects to be developed after 1984, the
cropping intensity was assumed to be 150% in a tributary basin

“and 200% in the main stream bhasin.

{4) Total net production value

It was estimated that the scheduled crop intensity would
be made possible as soon as sufficient water becomes avallable
but that paddy yield will be built up to a maximum 4. years
after that. In part of the MADA area where terfiary develop-
ment has already been conducted, the net production valué‘in
the final year of construction work was assumed to be
M$1,180/ha. The estimated total net production value in 2003
onward under with- and'without—project'conditions is shown in
Tables 26 and 27. | |

 In estimating rice yield under insufficient irrigation,
it is normally assumed that the crop area_is.reducEd_in pro-
portion to water available, as the relationship between water
applied to an area and rice yield on.the area.hés not: been
gquantified, The seasonal variation in water deficit can be
adjusted significantly by applying a réaéoﬁable bperatioh'ruié
of reservoir. The above-mentioned assumption'can,'therefore,
be justified=in'the Regidn.' Conseqﬁently, it WaS'assumed;that
the net productlon value in an area would be reduced in pro-

portion to the water deficit,



10.2.2 Domestic and industrial water supply benefit

N “The benefit arising from the domestic and industrial
water supply was estimated on the basis of the least costly
alternative_facilities method,

The_Tawar~Muda dam was selected as the 1east~cQStly al-
ternative to the proposed source facilities in the integrated
river system. The unit value of water was calculated to.be
the apnual'eqﬁivalent of the potential cost of Tawar-Muda dam,
dividéd by the potential net water output of the dam, assuming
-a'diSCQunt rate of 8%. The water output of a_dam is dependent
on the frequency and volume of the water deficit. The poten-
tial net water output of Tawar-Muda dam was estimated to be 37
x:106m3, if the dam was operated to cover the deficit in the
Kedah river where water deficit occurs every year. On the
other hand, the net water output'would'be only.16.8 b4 106m3 if
it was operated for the Muda-Perai river where the water defi-
cit occurs once in several years. “The unit value of water

calculated on the basis of the above-mentioned assumptions is;

For Kedah river M$0.24/m3-
For Muda-Perai river M$0.58/m3

The domestic and industrial water supply benefit of a
source project is computed to be the net water cutput allocat-
ed to the domestic and industrial water supply multiplied by

the above-mentioned unit value of water.

10.2.3 Recreation benefit

Alfhdugh the reservoir to be created by the construction
of the Beris dam will produce recreational benefits, these are

not included here for sake of simplicity.



10.3 Economic Cost
10.3.1 Ecohomic cost of source facilities

_ The financial cost of the Beris dam projeét was converted
to.the economic cost by means of the national economic conver~
sion factors prepared by EPU as listed in Table 28. The re-
sultant economic cost is shown in Tabls 29, The financial
land acquisition cost comprises the cOmpensétion cost for land
and investiment costs .for houses and public facilities. In
the economic analysis, the compensation cost for land is ex-
cluded - from the compensatlon_cost but aqucultural product;on

forgone due to flooding the land is counted as annual cost,

The sost of Tawar-Muda dam estimated in Part 1 Study was
revised by using the unit costs applied to the Beris'dam pro=-
ject in Part 2 Study. The costs of the other source facili-

ties are the same as those estimated in Part 1 Study.

The estimated economic investmeﬂt_sost and annual-cbst,
including O&M cost and production.forgone, are shown in Table
30 for the Jeniang system, the proposed Beris dam and the po"
tential dams. The cost of the Jeniang system was taken from

Ref. 2, and the cost of the Reman dam from Ref.6.

10.3.2 Economic cost of irrigation facilities

The financial investment cost of irfigatibn facilities
was estimated to be M$9,000/ha for the’teftiary'develbpment
for MADA area and M$11,500/ha for pump/gravity schemes.

10.4 Economic Internal Rate of Return

The net water output of the Beris dam was. alibcstéd to
the water users who cause water déficit as descrlbed in
Chapter 5. Table 31 shows the matrix of the net- water output
of the Beris dam for the three Alternatlves. Rows of the mat-
rix 1nd1cate the water output allocated to- water users who
should bear the cost of the Beris dam . rorrespondlng to the

water amount. Columns of the matrix show the.water output
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which would be sent to the affected areas, i.e. MADA and main
minor‘irrigatioh schemes in the Kedah river and main. minor

irrigation schemes in the Muda river.

For the calculation of the economic internal rate of re-
turn of the Beris dam, it was assumed that the Beris dam pro-

ject could claim benefits arising from the affected area.

The economic benefit to an irrigation project faced with
water deficit supply was estimated to be the net benefit, or
the incremental net production value less the cost of irriga-
tion facilities assigned in proportion to the water deficit
supplied by the water allocated to the total water demand of

‘the irrigation project.

_ The economic internal rate of return (EIRR) of thé Beris
dam was calculated tb be 14.8% for both Alternative 1  (Muda
priority) and Alternative 2 {even distribution) and 14.6% for
Alternative 3 (Kedah priority).  This is satisfactory for any
of the Alternatives. Thus the project is justifiable from the

economic point of view.

The estimated present values of benefit by purpose and
cost assuming a discount rate of 8% and value of EIRR are sum-

marized in Table 32 for_the three Alternatives,

The resulté of the economic analysis suggest that Alter-
native .1 - (Muda priority) is economically the best among the
'threé Alternatives in termé of EIRR and net benefit (B~C)}, but
ﬁhe difference between Alternatives 1 and 2 would be insigni-

ficant.

on the othér_hand, the target risk of safe supply would
be attained for bofﬁ the Kedah and Muda-Perai river systems in
AlterﬁativeHz; Ffom-the view point of'equality of the Region
as descfibéd in Section 5.6, it is recommended in this Study
that Alternative 2 should be adopted as the operation rule of

the Jeniang system,



10.5 Sensitivity'Analysis

The calculation of EIRR in the previous sectlon was based
on the most probable value of key factors. Sen51t1v1ty teqts
were carrled out to evaluate the extent of changes in FIRR if

key factors changed within a reasonable range.

The key factors and the percentage changes examined were:

(1) Investment costs ' . 10% ihCreasé
(2} Benefits ' | '20% decrease
{3} Delay in commisioning project one year

(4) Combination of (1), (2) and (3)

Table 33 shows the resulting EIRR and the_sénsitivity
indicator (81}, where 51 is defined as the percentage1changé

of EIRR due to the percentage'change in the factor tested.

10.6 Subsequent Project to the Beris Dam

As described in Chapter 5, the water deficit expected in
the integrated river system from 1990 onward cannot be removed
even if the Beris dam is implemented following the “ongoing
Jeniang system. Thus, other source facilities are necessary

in addition to the Beris dam project.

The economic feasibility of the Reman dém, Khlong Thepha
dam, Tawar-Muda dam and Merbok storage was individually'exaﬂ
mined, assuming that each could be implemented subsequent to
the Beris dam. The Reman dam shows a high economic feésibili-
ty but none of the others could be justified, which'suggeéts.
that they might only be impiémented after 2000. ' B

I1f the Reman dam is implemented followihg the Beris dam,
the water deflClt remalnlng in the Kedah Muda-— Peral river Syg-
tem is expected to be 72 - 86 x 106m3, Wthh is about 4% of

the total water demand in the river 5ystem.

Further removal of.water_deficit'by developing’one.of.thé

other pontential dams cannot be justified from the economic



point of view. It is, therefore, recommended that the water
deficit after implementation of the Reman dam should be dealt

with by means of water rationing,



11. FINANCIAIL ANALYSIS

11.1 Flnanc1al Cost Allocatlon

The cost of the Berlﬂ dam was allocated to puLposes whlch
were the causes of water deficit to be met by the Beris ddm
project. The separable cbsts-rEmaining benefits method was
applied as a cost ailocation rule since it is the_commOH prac-—
tice for water resources development project as discussed in

Part . 1 Study.

The capitél and O&M costs were allocated in terms of
their present value at a discount rate of 8%, The ;esults of
the calculation are shown. in Tables 34 to 36 for Alterhatives
1, 2 and 3, respectively. For all the.pﬁrpoSes, the benefit
is smaller than the corresponsing alternative cost. The éum
of the separable costs is 67 to 77% of the total construction

cost, indicating thé allocation to be highly ﬁse—driented.

The‘cdnstruction cost was allocated to the agéncies'conn
cerned for reference as shown in Table 37, aSSuming the fol-~

lowing relationship:

MADA : MADA main in the Kedah river o

Kedah DID  : all minor 'irrigatidn- schemeé ihclﬁding
MADA fringe- area, and’ river malntenanCe
‘flow in the Kedah river and part of minor
1rr1gat10n schemeb in the Muda river

Kedah PWD : D&I private and public in the Kedah riﬁer
and part of D&I in the Muda river e

P.Pinang DID :'part of minor. irrigation schemes in the-
Muda rlver

PWA

part of D&I prlvate and publlc in the Muda

river



11.2 Financial Farm Budget

In order to'assess the capacity to pay by benefited farm-
ers, a farm budget analysis was made for a typical farmer ope-
rating an average farm size under with~- and without-project
conditions-as shown in Table 38,

The annual net reserve or capacity to pay in the future
'undef with—prdject'conditién'woula increase markédly as com-
pared_witﬁ the condition without prdjeét implementation. The
increase in net reserve would also offer to the farmer's in-
cehtives for further development and a substantial capacity to

pay would be greatly in excess of irrigation fee,

11.3 Financial Statement
A1y Financial analysis for Federal Government

The finaﬁcial'statement:for the Beris dam project was
pfepared from the assumed viewpoint of the Federal Government

adopting'Alternative 2.

The cost of the Beris dam was allocated to the MADPA irri-
gation project, minor irrigation projects for the State of
Kedah and ‘domestic and industrial water supply for the States

of Kedah and Pulau Pinang.

- It was assumed that the cost allocated for these pusposes

‘would be financed under the following conditions:

Thelfbreign'currency portion of the investment costs of
the Beris:dam would be financed by an international financing
"agencY. The repayment ccnditions were assumed to be at an
annual:interest rate of 4% and a term of 25 years including a

7-year grace period.

The.investment costs allocated to MADA irrigation project

would be financed by the Federal Government,



The investment costs allocated to the minor irrigation
projects would be first pald by the State DIDs and then be

reimbursed by the: Federal Government.

The iﬁVestment costs allocated to urban water supply pro-
jects would be financed by a federal loan, while the rural
water supply projécts would be financed by a Federal grant.

The operation and maintenance cost- would be born'by;the_
purposa s own funds.

Table 39 shows the flnan01al cash flow from the v1ewp01nt
of the Federal Government. The annual peak of the fund re-
gquirement of the Federal Government is estimated to be M$34 45

X 106 at 1983 prlce levels, and which occurs in 1987,

' (2) cCash flow by purpose

From the v1ewp01nt of MADA, it is assuméd that the in-
vestment cost would be covered by Federal funds and that the
O&M costs of the Beris dam would be allocated to MADA and be
borh by MADA's own fund as shown in Table 40.

The analysis for the State DIDs is shown in Tables 41 and
42 for the minor irrigation projects. It is assumed'that_tHE'
State DIDs will be reimbursed from the Federal Government one

year later.

From the viewpoint of PWA for domestic  and indﬁsﬁrial
water supply, a cash flow table is shown in Table 43, Becuase
of repayments of the loan to the Federal Government, ‘a peak
deficit of M$0.42 x 10 occurs in 1990, ' h |

Table 44 shows the cash flow ‘for PWD of the State of
Kedah, Since the proportlon of rural farea in the State of-
Kedah is 65%, the repayment amount lS relatlvely small,



{3) Unit water cost

The unit water cost for irrigation project was calculated
on the assumption that the irrigation projects would bear only
the operation. and maintenance costs of source and direet faci-
lities, The cost per unit water volume was estimated to be
M$O0. 024/m in 2000 for MADA and MS$Q. 025/m for the minor irri-
gation pro3ects. Since the increase in income from paddy'pren
duction was estimated to be MS$O, 049/m3 to MSO. 059/m3, the far-
mers benefited By the project seem to be able to bear the 0O&M
cost as a water charge.

For domestic and induStrial water supply, the unit water
cost Waé'estimated'by:including investment and O&M costs. The
resultant unit water cost of the Berls dam for domestlc and
1ndustr1al ‘water supply was MS$SO. 26/m for PWA and M$O 24/m
for PWD. These costs are comparable with present water rates
for doﬁeetlc use. Being mixed with the costs of existing fa-
ciiities, these costs will push up the water rates in a long

run.
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12, SUPPLEMENTAI STUDY

12.1 ater Pemand and Supply Balance

As dlscussed in the prevtous sectlons, the exmstlng watel
deficit. in the 1ntegrated rlver system in 2000 would not be
able to be fully removed even if all the p0551b1e source faci-
lities would be 1mplemented by 2000, - As a supplemental study,
herein studied was the water demand_and supply balaQCe for.the
water demand under the condition that new iﬁinor irrigation

projects in the Region wduld net'be'impiemented‘after'1983.

If no minor 1rr1gat10n progect would be 1mplemented after

1983, the water demand w111 be reduced by 10 x 10 m3 in 1990

6 _3

and 40 x 10" m™ in ?000 for the Kedah river system compared--

with the condition that the new minor 1rr1gat10n, pr03ects
would be 1mplemented as scheduled For the Muda-Perai rlver
system, the reduction in water demand was estlmated to be 74 x
105 m3 for 1990 and 117 x 105 w3 for 2000.

Figure 7 shows the relatlonshlp among river runoff water
demand and water deficit for the supplemental case, - The

resultant wateér deficit was estimated to be 354 x 106'm3 for

1990 and 384 x 10° m® for 2000 for the Kedah river system and

7 x 10% n for 1990 and 12 x 10° m® for 2000 for the Muda-
—Peral river system assuming the existing dams and the ongoing
Ahning and Mengkuang dams were in cperation. The reduction of
water deficit from those with new minor irrigation projects

will be 4 x 10° m® for 1990 and 15 x 10° m® for 2000 for the

Kedah river system, and 5 x 106'm3 for 1990 and 11 x 105 m>
for 2000 for the Muda-Perai river system._'The pro?ortieh of
the reduction to the total water deflclt in the lntegrated

river system will be 2% for 1990 and 7% for 2000.

Table'45 shows the average annual water deficit-by'eausé

and by affected area for the above demand condition,
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12.2 Risk of Safe Supply and Remaining Water Deficit

As for the operation rule of the Jeniang weir, the ceil-
_1ng dlscharge for Alternative 2 should be revised to be 10
m /s due to change in water deficit in the Muda main stream
for the pgrpose of attaining the target risk of safe supply . in
the Muda river system. For Alternative 1, the Beris dam would
be able to meet all the water deficit in the Muda main stream
'for 2000 under the 23-year hydrological condition and it will
not be necessary to release water from Muda dam to the Muda
river. Table 46 ;shows the risk of safe supply in the Muda
méih’stream and Table 47 shows the avefage crép area in the
MADA area if the frequency of water deficit year is 5/23, the
proportion df:average.annual water deficit to the annuai de—
mand is 1% and the maximum proportion of monthly water.defiéit
ig less than 50% to_the.water demand of the planted area in
the sane month;. By the reductioﬁ of the water deménd, the
possible.off-seaSOn crop area of the MADA area will be improv-—
‘ed by about 3% of the total MADA area.

_‘Table 48 shows the net water output allocation of the
'Beris'dam for the revised water demand in comparison_with that
fﬁr the'prévidus water demand. The allocated water outputs to -
the mlnor irligation both in tributaries and main strcamé
would be decreased according to the demand reductlon and re-
Versely'that to MADA would be increased to the same extent.
The incremental water output to MADA would be 12 - 22 x 10% w?
in 2000 and the propbrtidn of the output to MADA to the total
oUtpﬁt of the Béris dam woﬁld be increased from 32 - 62% to 64

- 80%.

Table 49 shows the net water outputs and remaining water

deficit in the integrated river system.



12,3 EIRR and Cost Allocation
The economic internal rates of-returﬁ of - the Bérié.dém
for the revised water demand wefe-calculated to. - be 15.3% for
Alternative 1, 15,3% for Alternative 2 and 14.9% for Alter¥ _
native 3 as shown in Table 50, They are slightly higher than

those for the previous water demand.

The allocations of the cost to water users are shown in'

Table 51 for the three Alternatives,



13. LEGAL AND INSTTTUTIONAL ARRANGEMENT

13,1 Federal-States Agreements

The Federal Government in cooperation with the State

Governments, is g01ng to establish a legal system for the ef-
flcrent lmplementatlon of water resources policies and plans
'and-for'the promotion of uniformity among water~reieted laws
eﬁforced:bY'the'States, taking into. account recommendations
made by NWRS in 1982. ' o |

‘As interim measures until the above—mentioned‘1e§el'syse
“tem is establlshed it was recommended in the Final Report- of
Part 1 Study  to make agreements between the Federal Govern—
ment:, the State Governments of Perlls, Kedah and Pulau Plnang,
and MADA, in order to promote coordinated actions for the re-
glonal water resources development and management,_l e., (1)
the Master Agreement providing principles, (2) the Reglonal
Water Reqources Master Plan setting a target for water use and
source development, and (3} the Agreements on Procedures and
_Methods.  An outline of these agreements is Qescribed here-

Unaer.

13.1.1  Master agreement

Cphe . framework of the Master Agreement was proposed in

Part 1_Study as follows:

(1) "a Regional Master Plan shall be formulated and authorized
by the Federal Government_ and the Governments of the
- ‘three States, : |
(2) ‘the ‘allocation of water in the Region to each State shall
 be agreed upon by the three States, -
(3) :all gource fac1llt1es in the Region shall be 1ntegratedly

' operated accordlng to rules approved by the three States,
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(4)

{(5)

{6)
(7)
(8)

the costs for the development and operatlon and mainte-

nance shall be equltably allocated among the Federal and

the State Governments, ‘and
Federal Government shall show an arbitration proposal at

the request by any of the three States.

Herein the following matters are additionally proposed:

the priority to take'watef,

an implementation and management body, and
the establishment of a Federal-States Commlttee.

13.1.2 Regional water resources master plan

It was proposed in Part 1- Study that the Reglonal Water

Resources Master Plan should include the follow;ng matters-

(1)

(2)

(3)

the target envisaged:by each State for the'developmeht‘of'
domestic and industrial water supply,  irrigation and
river maintenance flow, o o
the target water demand which each_State intends to meet,
and | _ _‘ : |

the outline of source development projects to be imple-

mented in the Region in immediate future.

13.1.3 Agreements on procedures and methods

This agreement should stipulate the procedures and meth-

ods including:

(1)
(2}
(3)

(4}
(5)

(6)

the method of integrated operdtion.of source facilities,

‘the method of Jeniang system operation,

the method of cost allocation or amount to be allocated
to each agehcy; _ |

the monitoring of intakes, _

the procédure of reduction in off-season crop area in the
MADA area, and _ .

the method to save water in the case'of:drought,



13.2 Federal-States Committee

As an interim measure until the_institutionél system re-
commended by NWRS is implemented, it is recommended that a
Federal-States Committee should be establiéhed with the
objectives'to'establish'prinCiples and to coordinate actions

in case of extraordinary drought,

The member of the Committee should be representatives of
Federal EPU, as chairman, the Governments of the three States
and MADA.

The function of the Committee should be as follows:

A1) approﬁal of the Federalmsfates Agreements,

(2) -dec¢ision and arrangement of actions in case of an extra-
_ofdinary drought,.and

(3) decision on impértant matters related to regional water

resources development and management.

13.3 Executing Agency

A number of.agencies are concerned on both the sﬁpply and

" demand sides of water resources in the Region,

It is desirable to entrust the construction, operation

and maintenance of source facilities and monitoring of water

uses to a single agency.

In the absence of a specializéd agency, Federal DID is in

the nearest position of the executing agency, having been
undertaking a wide range oi water resources development and

| management. It is, however, more desirable to establish a
federal statutory body, which is neutral with respect to water
resoﬁrces use., It is recommended that the National Water Re-
sources Developmeﬁt and Management Corporation (NWRDMC) should

be established on the basis of the recommendation by NWRS,



The board of directors.bf NWRDMC shéll-qohsist of severa1
' directors and its chairman shall'be'appoihtéd by the Prime
Minister. The board shall approve the annual operation sch-

edule, annual budget and other important matters, -

The:Corpbration_shall have the head'office, regioﬁal con-

trol centers and site offices.

The deﬁélopment expénditure of sourcé féciiities shall be
transferred from theﬁagenéiés=Which aré fesponSiblé-for'thé
:implementgtidn of the facilities. Oéeration cost _shall' bé
charged to_thé agencies in accordance With the :ecurréﬁt cost -

shearing, which shall be approved by the 'Prime Minister.
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Table 3

PROJECTED POPULATION BY STATE

Area Population (103)
(103 km?) 1980 1983 1985 1990 2000
perlis 0.80 145 156 161 173 194
Kedah 9.43 1,116 1,161 1,189 1,264 1,412
puiaq Pinang 1.03 955 1,003 1,034 1,106 1,433
Othe;_sfates 318.82 11,526 13,491 13,164 14,866 18,220
Malaysia 330.08 13,745 14,811 15,548 17,409 21,259
Table 4  PROJECTED GDP AT 1970 CONSTANT PRICE
Unit: M$10°
1980 1983 1985 1990 2000
Perlis 193 226 249 363 m
Kedah 1,248 1,439 1,556 - 2,269 4,882
Pulau Pinang 2,073 2,561 2,936 4,048 7,698
Other States 21,896 26,584 30,513 43,932 83,895
30,810 35,254 50,612 97,256

Malaysia

25,410

83



PROJECTED DOMESTIC AND INDUSTRIAL

Table 5 _ : i
WATER DEMAND WITHIN THE REGION
Unit: 10% m3/y
1983 - .~ 1990 2000
D I Total D T Total D I Total -
Perlis 72 9 o 4 13 15 15 30
Kedah 41 13 54 62 . 23 85 99 100 199
Pulau Pinang 58 .80 138 81 107 188 142 188 330
Total 106 95 201 152 134 285 256 304 560
Remarks; Source denfan'd
D: Domestic water demand
I: Industrial water demand
Table 6 PROJECTED IRRICATION WATER DEMAND
WITHIN THE REGION

. Unit: 10° mi/y

1983 1990° . 2000

MADA 1,209 1,278 1,243

Fringe 23 21 21

Minor 493 549 695"

Total 1,825 1,848

1,959



Table 7

Basin

- 1983

ANNUAL WATER DEMAND

1990

Unit: 106 m3

2000

D&l Irrigation

D&I Irrigation

D&I Trrigation

Kedah River
Tributaries

() Upstream of

Pelubang 0 2 0 9
- {2)  Temin 26 1 28 2 41
{3)  Downstream of '
Pelubang 1 2 1 2 1 3
Sub-total 2 30 2 39 3 64
Main
-(4)  MADA (Main) 9 1,309 16 1,278 44 1,243
: {(Fringe) ¥ 23 0 21 Q 21
(5) Others, 24 ¢ " 39 1 93 5
Sub~-total 33 1,332 55 1,300 137 © 1,270
Fotal 35 1,362 57 1,339 140 1,334
Muda~Perai. River
Tributaries -
(6) Muda River 10 30 10 66 15 100
(7} Perai & others 2 7 3 G 10 : 11
sub-total 12 37 13 72 25 111
- Main _
(8) Muda River 10 223 21 239 59 240
{9) Perai River 8L - 135 107 119 186 119
(10) Pinang Island - 60 0 84 0 147 0
Sub-total 151 358 212 358 392 359
Total . 163 395 225 430 417 470
Grand Total 198 1,757 282 1,769 557 1,804



AVERAGE ANNUAL WATER DEFICIT BY

Table 8
CAUSE BY AFFECTED AREA
Unit: 108 w3
- 'Affected:hréa.by Water Deficit
Kadah River System Muda-Perai River System
Cause of MADA HMain ) Main minox .-
Water beficit main minor D&I  Total %edah P.Pinang D&I  Total
1983 Kedah System
: MADA main 383.3 6.7 0 390
Main minor 6.9 - 0.1 9] 7
Tributary minor 6.9 0:1 0
D&I ) 4.9 0.1 0 5
Total 402.0 7.0 0 409
Muda-Perai System
. Kedah:'Main.minor 0.8 o] _ 1
Tributary minor ' 0.2 0.8 Q- 1
D&l 3 0. 0. 0 0
. P.Pinang: Main minox : ‘ 0 4
D&I : ' 0.2 . 0.8 0 1
Total ' 1.5 5.5 0 7
1990  Kedah System
MADA main 338.2 5.8 3] 44
Main ninor 6.9 0.1 4] 7
Tributary minor 6.9 0.1 0 7.
D&l : 0 0 ' 0{¥46)
Total 352.0 6.0 3] 358 (404)
Muda-Peral System
. Kedah: Main minor 1.0 2.0 0 3
Tributary minor 1.4 2.6 o} 4
D&T . 0.7 1.3 ‘0 2
. P.Pinang: Main minor 1.0 2.0 0 3
D&l - : 0 0 0- ‘0. (+5)
Total 4.1 7.9 0 1207
2000 Kedah System
MADA main 332.8 Q 340-
Main minor 8.8 0.2 0. 9
Tributary minor 19.6 0.4 4] 20
p&r _ 15.7 0.3 0 . 16(+45)
Maintenance flow 13.7 0 - 14
Total ' : 390.6 8.4 0 399(444)
Muda-Perai System
. Kedah: Main minor 1.0 2.0 0 3
Tributary. minor 3.5 - 6.5 0 10
D&l 0.7 1.3 0 2
. P. Pinang: Main minox 1.0 2.0 0 3.
. bal 1.7 3.3 0 5 (+12)
Total 8.0 . 15.0 0 23 {35)

Remark; . Figures betwsen parentheses in row af D&i indicafe supply f . :' ' - nan
. rom Ahn ¥ Mengkuan
dam, those in row of total indicate deficit if Ahnin g4 o engkuand

operated.

..;.86...

g and Mepgkuang dams are not



Table 9  ALLOCATION OF OUTPUT OF JENIANG AND
BERIS TO CAUSE OF WATER DEFICIT

Alternative 1 Alternative 2 Alternative 3
{Muda Priority) ) {Even) {Kedah Priority)

Jdeniang Beris Deficit Jeniang Bexis Deficit Jeniang Berxis Ppeficit

1990
Kedah River System

MADA 178 4s 131 178 46 120 178 54 112

Main minor 4 1 4 1 2 4 1

Tributary minor _ - 7 0 - 9 - 7

el _ _ 0 0 0 4 0

Maintenance Elow [ 0 0 o 4] 0
Sub-total 182 53 123 182 54 122 182 62 114

Keadah

Main minor - 3 0 - 2.5 0.5 - 0 3

Tributary minor : - 4 0 - 4 0 - 4

D&I . - 2 0 - 2 0 - 2

Pulau Pinang

Main minor - - 3 0 - 2.5 0.5 -

D&eX - . . 0 4] - 0 0 - ] ¢
Sub-total _ - 12 0 - 11 1 - 0 12
Tetal - 182 65 123 182 65 123 182 62 126

2000
Kedah River sSystem
MADA 166 21 153 166 23 151 168 a1 131
Main minor 4 0 5 4 i3 4 4 1
Tributary minox - 20 0 - 20 0 - 20
D&l ) . ] 1 7 8 1 7 : 8 2
Maintenancé flow S 1 % 7 1 & 7 4
Sub-total 185 43 171 185 46 168 187 66 146
Muda River System
Kedah

Main minor - 3 0 - 1.5 1.5 - 3

Tributary miner ' - 10 0 - 10 0 - 0 10

D&I ~ 2 0 - 2 o - ?

Pulau Pinaﬁg

Main minor ’ - 3 1) ) - 1.5 1.5 - Q 3

b _ - 5 0 - 5 0 - 0. 5
Sub-total ' -~ 23 o - 20 3 - 23

motal . 185 . 66 171 185 66 171 187 66 - 169



pable 10  NET WATER OUTPUT'AND.REMAINING DEFICIT

Unit: 105 m3/y

1990 . . 2000 .
Kedah_ - Muda Kedah Muda
Alternative- 1
Target Deficit 358 12 399 23
Jeniang . 182 : 185
Beris o : 53 12 : 43 23
Reman | S _ 89 . 97
K. Thepha 28 | 30
Remaining Deficit | 6 0 42 0
Alternative 2
Target Deficit 358 12 - 399 23
" Jeniang 182 p 185
Beris - 54 11 46 20
Reman 89 197
K. Thepha 28 S 130 -
Remaining Deficit 5 1 ‘ 4 "3
Alternative 3
Target Deficit 388 12 399 23
Jeniang 182 187
Beris _ 62 66
Reman 83" 83
K. Thepha ' © 26 a 26
Remaining Deficit : 5 12 Y 23
Merbok | S PR 23
Remaining Deficit 5 - 0. .37 0

Remark; Average figures under 1961 - 1983 hydrlogical condition



Table. 11 ASSUMED FEATURE OF SOURCE FACILITIES

Padu+Muda Ahning Jeniang __ Beris
. -. . 6 . 3 )
Inflow (10° m”) 27/ 64 63028 109
Active storage. 5 i
' capacity (106 m3) 1,2094_. 200 2711 102
P /3 ' .
HWL (BL. m}) 97.65— 113 85
LWL {EL. m) 67.8— 72 . 69
Outlet discharge o
 Capacity (m3/s) 171 - 11742 5 - 40 15

Remarks; & /2: Pedu + Muda
& Zﬁ; Pédu
. . 3
Pedu only but Muda's is 20 m /s

Including Beris inflow

O T N TN
BN el

|~

Nack storage



.Table 12: WATER DEFICIT IN MINOR IRRIGATION SCHEMES IN
THE MUDA MAIN STREAM

‘Alaternatives

__No Project 1 2 3

1983 _

Freguency 8/23

Average annual deficit 33
Demand '

‘Monthly maximum deficit 65

~ Demand . ’

1990 _
Frequency 14/23 1/23 7/23 14/23
Average annugl deficit as nil . 0. 3% aa

Demand . :
Monthly maximim deficit 65% nil 10% 65%
Demand _ :

2000. 8
Frequency 16/23 1/23 0 8/23 17/23
A ' ficit ' :

verage_annpal defici 8% nil 1 g4
Demand i .
Monthly maximum deficit 00% 10%

‘Demand

90

nil

90%



+

Pable 13  AVERAGE OFF-SEASON CROP AREA IN THE MADA AREA

' Maxlmum proportlon of monthly def1c1- to demand: 50%

‘Bource _ Average Crop Area S
Facilities 1983 1990 2000
(%) (ha) (%) (ha) (%) (ha)
91ternative 1
Pedu + Muda 54 51,000
+ Ahning 60 57,000 56 53,000
+ Jeniang 80 76,000 72 69,000
'+ Beris 88 84,000 80 76,000 -
-+ Reman 97 92,000 90 86,000
+ K. Thepha 100 95,000 93 89,000
- Alternative 2
+ Ahning - 60 57,000 56 53,000
+ Jeniang 80 76,000 73 70,000
+ Beris 88 84,000 81 77,000
+ Réman 97 92,000 90 86, 000
+ K. Thepha 100 95,000 .93 89,000
Aiternative:3
+ Rhning 60 57,000 56 53,000
+ Jeniang 82 78,000 77 73,000
+ Beris 88 84,000 84 80,000
+ Reman 97 92,000 92 88,000
+ K, Thepha 1000 95,000 93 89,000
Merbok 100 95,000 96 91,000
'Remarks; Frequency of deficit year 5/23
Average proportion of annual. deficit to demand : 1%



Table 14  DESIGN FLOOD DISCHARGE AT
| BERIS DAMSITE o

Retﬁrn Period : Peak‘biéchdrge

(years) - (w3/s)
2 190
10 ' - 310
- 20 .360
50 430
100 480
200 530
1,000 ' 650"
"10,000 - ' ”jséo
| PMF 900

Remark: The peak discharges include the base
flow component.

- 92 -



Table 15 MAJOR CONSTRUCTION PLANT AND EQUIPMENT

Unit: nos.

30,

o Required
Mo, Equipment Capacity Wumber
1. Bulldozer with ripper 21 ton 2
2. Bulldozer .15 ton 3
3. Bulldozer .11 ton 2
4. Dozer Shovel 1.4 m3 o3
5. Wheel Loader 2.1 m? 2
6. _Dump Trﬁck 15 ton 6
7. Dump Truck 8 ton 5
8. - Truck Crane " 15 ton 'l.
9. ‘“Truck Crane 20 ton 1
10..  Agitator Car 3.2 n3 2
11, -~ Vibrator Rollex 7 ton 1
12. | Tamping Roller 4 ton 1
13. Macadam Roiler 8 ton 1
14.  Tire Roller 8 ton 1
15.  -Asphalt Distributor 1,000 1 1
16. Back Hoe 0.7 ﬁ3 1
17. Motor Grader 3.8m 1
18, Crawler Drill 10 m3/min. 2
19. Boring Machine 5.5 kW 6
20. Grout Mixer 600 1 x 2 2
21. Grout Mixer 200 i x 2 6
22. Grout Pump . 7.5 kW 6
23. Leg Hammer 2.7 m3/min 10
_24.' Two~Boom Drill Jumbc (Hydraulic) 10 kgm x 2 2
25. Rockexr Shovel Q.4 m3 1
26. Air Compréssor 10 m3/min 3
27. - Alr Compressor 5 m3/min 4
28.  Generator 300 kva 2
.29} Generator 15 kVA 5
7 'Cabié_Cranei 4.5 ton 1
31, :Crushingjpléht : 100 ton/h 1
32.  Portable Crushing Plant 30 ton/h 1
.33.. 'Conéréte Mixing Plaﬁt 0.75 m3 x 2 1
34.  Portable Concrete Mixing Plant 10 m3/h 1
35.; Water Tank Lorry ' 6 m3 2



Table 16

MATERIALS FOR CONSTRUCTION

94

No. e Unit '*Qdantitzf
1. Piesel o0il 1 _ 1;200,000_
2. Lubricant 1 19,000 .

- 3. Gasoline 1 20_0,00(} '
4, Grease kg 1‘,8(50
5, Dynamite kg 51,000
6. .Cement ton . ' 17,506
7. Reinférceméﬁt bar ton | 200
8. H-shaped steel . ton 40

9, BANFO kg : '.’57',600;

10. Electric power Kih 2,300,000

11, Retarder kg . 44,000

12. Diamond.bit ‘carat 2,250

13. .Cross bit .nos}. N 1,200 |

14.  Detonator nos. 70,000

15. Timber ton g '

700.



Table 17 LABOUR WAGE

Unit: Ms/4

No. : Categofy _ : - Wage
_l;“ Foreﬁan ] 60
2. Operatéf ' _ | 5d.
3. Assistant Operator | 30
:4,-'_ Driver ) '_ ' 16
5. Mgchahic o | : 40
6. Eiedtfician ' _ : ' 46
7. . Concfete Worker ' : | 25
8.  Reinforcement Worker 35
9. Carpenter. | _ .35
10. Power Operator : 50
1i. priller = - 40
12. Boring worker - _ 35
13, Grout Wofker : - | _ 30
14- ~ Common Labour ' : 20

© Table 18  UNIT PRICE OF MATERIALS®

_ Uniti M$
‘No. ‘Material ' Unit Price
1. Diesel oil lit 0.604
2. Lﬁbricéﬁt | ' T 1it | 2.45
3. Gasoline lit 1.08
4. Grease kg 3.88
__5. _ Dynamité kg 12.36
6. Cement kg 0.180
'7. ' Rétéfder kg 2,70
- 8. Reinforcement Bars o ~ ton 847
-9, .Timber'(Plaﬁk Square Log) - ton 393
10. i-shaped Steel, H125x 125 kg 1.23

11. Boring Rods : nos. 108

Remark; ?: Including inland traﬁsportation coét from the port of
o pulau Pinang to the site. :



Table 19 DETAILED CONSTRUCTION COST ESTIMATES (1/2)

Foreigh Cuxrency

local Currency

Total

Unit Cost Amounkt

Unit Cost Amount

Unit Cost - Amount

1.

2.

3.

4.

Remarks; (1) At 1983 price level.

{2} *: Including secondary cofferdam of 1.2x10% @3,

(3) **: Consisting af one hollow jet ‘valve (#1500}’ , one hi.gh pressure slide valve (#600) and ..
guard valve (#1506} for one set.

96 —

. Description : Unit Quantity (M8) (45103} (M5) (M5103) (M3} (15107)
River .Diversion Work s
Excavation, common nd 200 1.5 0.3 3.5 0.7 5 1
Exu:;:avation, weathered rock m3 200 3 0.6 6 .2 9 1.8
Excavation, rock n? 500 3.3 -2 16.7 10 20 12
Excavation; tunnel m3 7,300 is 110 75 " Eag 90 657
Conctete in open w? 320 25 : 215 69 240 77
Concrete in tunnel m3 2,100 75 158 195 410 270 567
Backfill- grouting m 220 15 . 3 155 ) 34 170 : Zl!'J
. Curtain and consolidaticn . )
grouting ' n 470 25 12 225 106 250" 118
Diversion gate ton 35 11,900 417 1,100 39 13,000 458
care of river L.S. "6 24 ' 30
Miscellaneous L.S. 73.1 118.1 194.2
Sub-~total 790 '1,360 . 2,150 .
Main Dam*
Excavation, common m3 7,100 1.5 1 3.5 25 36
Excavation, weathered rock m? 13,300 3 40 3 - 80 9 120
Excavation, rock n? 10,100 3.3 33 16.7 169 20 202
Concrete in dam md 56,400 25 1,410 105 5,922 130 7,332
Curtain and consolidation . .
grouting n 5,520 25 138 225 1,242 250 1,380
‘Measuring apparatus L.S. 80 20 100
Miscellaneous L.S. ag 742 830
Sub-total 1,800 8,200 10,000
stilling Basin
Excavation, comnon m3 .300 1.5 0.5 3.5 1 .5 1.5
Excavation, weathered rock m> 1,400 3 6 8 .9 13
gxcavation, rock n? 5,500 3.5 19 16.5 91 20 110
Concrete in open m3 2,700 20 54 170 459 190 513
Miscellaneous L.5. 12.5 6l. 2.5
Sub-total 20 620 710
River Cutlet
Concrete in open "m3 400 25 10 215 86 240 96
Trash rack ton 7 8,200 57 200 6 9,000 63
Emergency gate ton 15 13,800 “207 1,200 ‘18- - 15,000 225
Steel pipe shell ton 36 7,300 263 700 25 . 8,000 288
Release valve** . set 2 276,000 552 © 24,000 48 300,000 600
Miscellaneous L.S. 111’ . 17 o 128
Sub-total 1,200 200 1,400



‘Table 20

DETAILED CONSTRUCTION COST ESTIMATES (2/2)

Foreign Currency Local Currency Total
L ) . Unit Cost 'Amount (Unit Cost Amount Unit Cost Amount
Description Unit Quantity (M5) (M5103) (M3) {M5103) (M5) {M3103)
5. Saddle Dam
Excavation, cémman m3 27,800 1.5 42 3.5 97 5 119
Excavation’, weathered rock m3 12,600 3 38" 5 76 9 113
Excavation; rock m? 500 3.5 2 16.5 8 20 10
Embankment, core m} 22,300 3.5 78 6.5 145 10 223
Embankment, filter md 18,600 15 279 22 409 37 688
Embankment, rock w3 80,700 5 404 12 268 17 1,372
Curtain grouting m 4,250 25 106 225 955 256 1,083
Blanket grouting. m 1,500 20 30 120 180 140 210
Slush grouting m 1,070 20 21 129 128 140 150
Heasuring apparatus L.S. 60 20 a0
Misqellaneous .5, 40 238 322
Sub-total 1,100 3,270 4,370
6. Relocation Road
Road km 11.9 78,000 928 312,000 3,713 390,000 2,64}
Bridges (1 No.} m 300 1,200 360 4,600 1,380 5,800 1,740
Power line. km 12.2 7,500 22 7,500 92 15,000 183
Miscellaneous L.S. 140 525 666
Sub-total 1,520 5,710 7,230
7. Preparatory Works i.5. 1.000 3,040 4,040
8. . Compensation L.s. 25,700 25,700
‘9. Engineering and Government -
Muinistration . L.S. 5,900 2,500 8,400
{Pesign and Supervision)
" Sub-total 1 to 9 13,400 59,600 64,000
10. Contingencies .
Physical contingencies L.S. 2,680 10,120 12,800
Price escalation 1.5, 4,370 15,420 19,790 |
20,450 76,140 96,590

Grand Totél



fable 21  DISBURSEMENT SCHEDULE OF BERTS DAM PROJECT

Unit: Mslo®

Total 1st year . 2nd year 3rd year  Ath year Sth year
Amount (1985) {1986) {1987) {1988) . (1989}
!. River Diversion Works F.C. . 790 290 130 170
L.C.. 1,360 490 570 300
Sub-total 2,150 780 900 a9
2. Main Dam F.C. 1,800 950 850
’ L.C. 8,200 4,300 3.900
Sub-total 10,000 5,250 4,750
3. . Stilling Basin F.C. 20 90
L.C. 620 . 620
Sub-total ) o TG
4. River Outlet F.C. .1,200 120 " 960 120
L.C. - 200 : : -200
Sub-total 1,400 120 260 320
5. Saddle Dam F.C. -1,100 340 760
L.C. 3,270 X.030 2,240
Sub=total 4,370 2,370 3,000
6. Relocation Road F.c. 1,520 450 . 1,070
: L.Cc. 5,719 1,690 4,020
Sub-total 7,230 2,140 5,090
7. Preparatory Works F.C. 1,000 820 90 o0
L.C. 3,040 2,480 280 280
Sub-total 4,040 3,300 370 370
8. Advance Payment F.C. - 5,000 -2,000 -3,000
S o.e. -
Sub-total -
9. Compensation F.C. - .
L.C. 25,700 25,700
Sub~total 25,700 25,700
10. Enginesring Services and . :
| Governmesnt Administxation F.C. 5,200 700 1,200 700 1,400 1,900
{pesign and Supervision} L.C. 2,500 300 500 300 800 809
Sub-total 8,400 1,000 . - S1,7100 1,000 2,000 2,700
11.  Contingencies . - ] .
Physical Contingencies "F.C. 2,680 140 240 390 920 ‘990
L.C. 10,120 60 100 5,790 - 1,820 2,350
Sub~total 12,800 200 340 6,180 2,740 3,340
Price Escalation F.C. . 4,370 30 230 300 1,530 2,020
L.C. 15,420 o ] 90 7,490 3,020 4,790
Sub-total 19,790 120 320 7,990 | 4:559 6,810
Total F.C. 20,450 230 1,670 7,820 5,080 " 4,970
L.C. 76,140 390 690 . - 42,250 13,930 18,880
Grand Total 96, 590 1,320 2,360 50,070 18,990 23,850

Remaxks: (1) At 1983 price level

{2yY F.C. :
(3} L.Cc, :

Foreiqn currency portion

Local currency portion



Table 22  ANNUAL OPERATION AND MAINTENANCE COST

Remarks; (1} *: Including physical contingency (20%)

(2) At 1983 price level

M$1073
Amount
1. Opefatinq-Personnel
Chiéf Technician (1 person) 25
General Clerk _ (1 person) 10
Mechanical Technician (1 person) 15
Electrical'Tgchnician (1 person) 15,
Caretaker (3 persons) 20
. Sub-total 85
2. Administration and Maintenance
Civil works
- Total construction cost* of main dam, stilling 46
 basin, civil works of river outlet, saddle dam
and preparatory works x 0.2%= 23,070 x 0.002
Mechanicél works
- Total construction cdst* of hydromechanical 16
works of river outlet x 1% = 1,554 x 0.01
Sub-~total 62
/3. 'Miscellaneous 13
Total 160



Table 23 ESTIMATE OF LAND ACQUISITION CcosT

Unit Price Amount

Quantity (M$103) {M$106)
1. Compensation on Land
1.1 Rubber 492 ha 20 . 9.84
1.2 Paddy 143 ha 25 3.57
1.3'Residential/mixed )
~ cultivation:area "261 ha 25 . 6.53
1.4 Alienated forest 140 ha 10 1.40
Total 1,216 ha 0 21.34
2. Removal of Families
2.1 Kg. Batu Seketul
Class A . 7 nos. 20 . 0.14
Class B © 33 nos, - 12 0.40
Class C 14 nos. 5 5 0.07
Sub-itotal - 54 nos. 0.61:-
2.2 Kg. Sg. Batang .
Class A ' 'll nos. 20 : 0.22
Class B _ 172 nos. 12 2.06
Class C 48 nos. - 5 - .24 .
Sub-total 231 nos. N 2.52
2.3 Ky. Terenas '
Class A - 20 -
Class B 40 nos. ) 12 0.48
Class C 11 nos. 5. . 0.06
Sub-~-total _ 51 nos. - o . 0.54
Total : 336 nos. _ 3.67
3. ‘Public Facilities
3.1 Mosque 1 no. 120 0.12
3.2 School 1 no. 290 _ 0.29°
3.3 Place of worship (Surau) 2 nos. 30 0.06
3.4 Storehouse, public house, : . S o
RISDA hospital _ 4 nos. 40 0.16
3.5 Small public house 1 ng. 10 T g.ol
3.6 Cemetery 1l ne. . 50 0.05
Total _ _ 10 nos. _ 0.69
Grand Total ' _ = 25.70

- 160 -



Table 24  ESTIMATED RESETTLEMENT COSYT

. Unit Price Amount
Description Unit  Quantity {M$103) (M$1.03)

Land Acquisition Cost

1.1 Rubber Farm ' ha . 300 20 6,000

Development Cost

2.1 Resettlement Area ha 400 12 4,800
2.2 Rubber Field in ha 500 6 3,000
Forest Reserve :
Sub-total : 13,800
‘House " nos. 334 12 4,010

Public Facilities

4.1 Mosque ' nos. 1 120 120
4.2 School ' Hos . 1 290 . 290
4,3 Place of Worship (Surau) nés. 2 30 60
4.4  Storehouse ﬁos. 2 40 80
4.5 Public House nos. 1 40 40
4.6 RISDA Hospital nos. 1 40 ' 40
4,7 Small Public House nos. 1 10 10
4.8 Cemeteiy : nos. i 50 : 50

Sub~total 690

Total _ _ 18,500

-~ 101 -



Table 25  ESTIMATED AVERAGE PADDY YIELD AND
ECONOMIC NET PRODUCTION VALUE

Gross - : . Net

-:.ld - Production Production Production
- eld  Vaige, cost ' value
__Scheme | (ton/ha) - (M$/ha) . - (M§/ha) . ‘(M$/ha)

with Insufficient frrigation Water Supply

1.1 MADA : |
- Without tertiary 4.0 2,192 892 ' 1,BOQ
development. - :

1,2 Rainfed - 2.2 1,206 . 796 . 410,
1.3 Existing minor 3.2, 1,754 844 910
) irrigation . R . :

With Sufficient Irrigation Water Supply

2.1 MADA _ - :
- With tertiary 5.0 2,740 . 938 1,802
development : S s :
- Without tertiary 4.0 2,192 892, 1,300 -
development T

2.2 Minor irrigation

~ New projects . 4.5 2,466 916 1,550

Remark; Economic production value is-projectéd to 1995
onward at 1983 counstant price,
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Table 26

FLOW OF NET PRODUCTION VALUE WITH AND WITHOUT
PROJECT CONDITION FOR THE KEDAH RIVER BASIN

Unit: Mg10°

2032

210.34

R MADA Main Minor Tributary Minor

Year W/0 Wp. . I/B w/o  W/P 1/B w/0  wW/p . I/B
1982  210.34  210.34 Z 6,02 6.02 - 2.70  2.70 -
1983  210.34  210.3¢ - 6.02  6.02 - 2,70 2.70 -
‘1984. 210.34  210.34 - 6.02  6.02 - 2.70  2.70 -
1985  210.34 210.34 - 6.02 6.02 - 2.70 2.82 0.12
1986 ~ 210.34  210.34 - 6.02 6.02 - 2.70  3.14 0.44
1987 210.34  210.34 - 6.02  6.02 -~ 2.70 3.19  0.49

1988 210.34  210.34 L - 6.02 6.02 - 2.70  3.24 0.54
1989 . 210.34 210.34 - 6.02 6.02 - 2,70 3.45  0.75
1990  210.34° 252.40  42.06  6.02 8.80 2.78  2.70 - 3,70 1.01
1991  210.34  271.57  61.23  6.02 8.86 2.84  2.70 4.51 1.81

1992 . 210.34  276.96  66.62 6.02 8.91 2.89  2.70 4.62 1.92
1993  210.34 281.75 71.41  6.02 8.95 = 2,93 2.70  4.72  2.02
19__94= 210.34 - 287.14  76.80 6,02 8.95 2.93 2,70 5.05 2.35
1995  210.34 292.53  82.19  6.02 -9.05 3.03  2.70 5.24 2.54
1996 210.34  297.48  87.14 6.02  9.25 3.23  2.70 5.52 2.82
1997 210.34  303.03  92.69  6.02 9.29 3.27  2.70 5,60 2.90
1998 .210.34 308.92  98.58  6.02 9.38 3.36  2.70 5.65  2.95
1999 210.34  317.79 '107.65  6.02 9.48 3.46  2.70 5.84  3.14
2000  210.34 324.65 114.31  6.02 9.63 3.61  2.70 6.31 3.6l
2001  210.34 328.49 . 118,14  6.02 9.67 3.65  2.70 6.37 3.67
2002 210.34- 330.79  120.45  6.02  9.72 3.70  2.70 6.43 3.73
2003 210.34 331.56 121.22  6.02 9.73 3.71  2.70 6.47 3.77
431.56 121.22  6.02 9.73 3.71  2.70  6.47  3.77

Remarks; (1) At 1983 constant price.

(2) w/o
" I/B

. Without-project, W/P : With-project
Incremental benefit
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pable 27  FLOW OF NET PRODUCTION VALUE WITH AND WITHOUT
PROJECT CONDITION FOR THE MUDA RIVER BASIN

Main-Minor

Unit: M§106

Tributary Minox -

2032

29.54

Remarks; (1) At 1983 constant price.

W/O :.
1/B :

- 104 -

Withcut¥proiect;:_W/P : With-project
Incremental benefit ‘

Year 1/0 W/ I/B Wo . ___w/® - 1/B
1982 30.79 30.79 - 4.20 ~ 4.20 -
1983 30.79 - 30.79 - 4.20 4.20 -
1984 30.79 30.79 - 3.70 3.70 “
1985 30.64  37.69 7.05 3.66 4,48 0.82
1986 31.38  41.61  10.23 3.66 | 5.30  1.64
1987 130.44 44.21 13.77 3.66 - 5.47 “1.81
1988 30.44 46.86 16.42 3.66  5.65 1.99
1989 29.60 46.11 16.51 3.66  6.90 3.24
1990 29.54 45,80 16.26 3.66 8.29  4.63
1991 29.54 49.74 20.20 3.66 8.58 4,92
1992 29.54 49.81 20.27 3.66 - 8.85 5.19°
1993 29,54 49.85 20,31 3.66 8.99 5,33
1994 29.54 49.86  20.32 3.66 9.54 5.88
1995 29,54 . 49.92 20" 38 3.66 10.12 6.46
1996 29.54 50.02 20.48 3.66  10.90 .24
1997 29,54  50.04  20.50 3.66  11.10 7.44
1998 - 29.54 50.06  20.52 3.66 11.23 - 7.54
1999 29.54 50.19 20,65 3.66  12.31 . 8.65
2000 29.54 50.37 20.83 3.66 12,77 - 9.11
2001 29.54 50.51 20.97 366 12.98 9.32
2002 29,54 50.55  21.01 3.66 13.18  9.52
2003 29,54 50.57 21.03 3.66 13.28. 9.62
50.57 21.03 3,66 13.28 9,62



Table 28  NATIONAL FCONOMIC CONVERSION FACTORS

Cé?egory 3 ' ' Factor
Opportunity Cost of Capital 0.10
.Geheral Conversion Factor | _ 0.59
Rubber . ‘ | ' | 1,22

' Agriculﬁuralzinpgts . 0.86
Porﬁfhandling o 0.72E
.T;ansport services . 0.66
'CoﬁséfuétiOn'serﬁices 0.77
Cohstfuctiaﬁ:matérials . : ' 0.38
Transport equipméﬁt o 0.76
:fowe; and fuel _ 0.97

Public services . : 0.89

Source:  National Parameters for Project Appraisal .
in Malaysia vol. I to Vol. V; The Opportunity
cost of Labour (in Peninsular Malaysia)

Vol. III; Conversion Factors for Tradeable
and Non-tradeable Goods and Services, Economic
Planning Unit, Prime Minister's Department.
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Table 29  ECONOMIC COST OF BERIS DAM -

Financial Econonmic

Cost Conversion Cost
(M$103) . Factor (M$103)
1. Investmenf Cost - | o ]
River Diversion ‘ 2,150 . = 0.88° 1,890
Main Dam _
Excavation and.concrete . 8,480 0.88 7,460
Grouting | 1,520 0.77 1,170
sub-total ' 10,000 : 8,630
Stilling Basin 710 S o.88 . 620
River Outlet _ ,
Concrete 105 ~  0.88 90
Mechanical works | 1,295 0.88 1,140
Sub~total 1,400 o 1,230
Saddle Dam - | _
Excavafion and embankment 2,802  0.88 . 2,470
Grouting | 1,568 077 1,210
Sub-total 4,370 _ 3,680
Relocation Road | o 7,230 . .89 - - .6,430
Preparatory Works ' 4,040 0.88 3,560.
Compensationil : 4,360'. .:0.89 3,880
Engineerihg Serﬁipes and - 8,400 o 0.77 . 6,470
Government Administration ' :
{Design and Supervision) _ .
Contingencyl® | 8,530 | 7,280
Total 51,190 43,670
2. Anmmal Operation and Maintenance
(O & M} Cost
Personnel'Expehses . 95 ' 0.57 73
Administration and Maintenance 65 0.88 57
Total . o 160 | o130

Remarks; Zi‘: Excluding compensatidn cost on land

/2 : Excluding price escalation
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Table 30  KCONOMIC INVESTMENT COST AND
ANNUAL COST OF JENIANG SYSTEM,
PROPOSED DAMS AND POTENTIAL DAMS

Investment Cost Annual Cost

(M$106) (M$106/y)

Jeniang system o 6G.13 - 0.66
Beris dam | 43.67 0,93
Tawar-Muda dam ' 78.68 0.89
Khlong Thepha dam 72.00 1.40
Reman dam: ' 65.10 4.75
Merbok scheme (High) 99.77 1.40

(Low) 79,82 1,12

Remarks; (1) Values at the optimum scale
(2)  In 1983 constant price

(3) Annual éost consists of O&M cost and
production forgone
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Table 31

NET WATER OUTPUT OF BERIS DAM

Net Water Output'in'Affected Area

Unit: 106 n3

Altérnative 1

Alternative 2.

Alternative 3

Cause. of - Main Main Main-
Water Deficit MADA minor Total MADA minor Total MADA minqr Total
1920
-Kedah System :
MADA - 44,3 0.8 45.1 45.3 0,8 46.1 53.0. 0.9 53.9
Main minor 0.9 0.0 0.9 0.9 0.0 0.9 1.1 0.0 1.1
Triputary minor 6.9 0.1 7.0 6.9 0.1 7.0 6.9. 0.1 7.0
D&l 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sub-total 52.1 0.9 53.0 53.1 0.9 54.0 61.0 1.0 62.0
Muda-Perai
Kedah :
Main minor 3.0 -3.0 2:5. 2.5 .
Tributary minor 4.0 4,0 4.0 4.0
D& I ‘ 2.0 2.0 2.0 2.0
Pulau Pinang _ o
Main minor 3.0 3.0 2.5 2.5
D&I 0.0 0.0 0.0 0.0
Sub-total 12.0 12.0 ©11.0 11,0 0.0
Total 65.0 65.0 62.0
2000
Kedéh System
MADA 20,2 0.4 20,6 22.8 0.5 23.3 40.4 -0.9 41.3
Main minor _ 0.6 0.0 0.6 0.6 0.0 0.6 1.1 0.0 1.1
Tributary minor 19.6 0.4 20.0 19.6 0.4 20.0 19,6 0.4 ~© 20.0
D& I 1.0 0.0 1.0 1.1 0.0 1.1 1.9 0.0 1.9
Maintenance flow 0. 0.0 0.8 1.0 0.0 1.0 1.7 Ouo 1.7
Sub-total” 42,2 0.8 43.0- 45.1 0.9 46;0 64,7 1.3 66.0
Muda-Perail System
Kedah
Main minor 3.0 3.0 1.5 1.5
Tributary minor 10.0 10.0 16.0 10.0
D& 2.0 2.0 2.0 2.0
Pulau Pinang
Main minor 3.0 3.0 1.5 1.5
D&T - 3.0 5.0 5.0 5.0
Sub-total 23.0  23.0 20. 20.0 0.0
Total 66,0 66.0
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Table 32 RESULTS OF ECONOMIC EVALUATION OF BERIS DAM

Unit: M$10°

Alternative
! 2 3
Predent Value of Benefit
{r = 8%)
Kedah river system
MADA 31.21 34.52° 56.68
Main minor 0.84 - 0.84 1.48
Tributary minor 24.35 24,35 24.35
D& _ 1.16 1.30° 2.22
Maintenance flow . 0.93 1.16 1.99
‘Sub-total : 58,48 62.16 86.72
Muda-Perai river system
Kedah State
Main minor 3.62 2.15
Tributary minoxr 10.04 10.04
D&I 2.42 2.42
Pulau Pinang State
Main minor 3.62 2.15
DEI 4.36 4.36
Sub~total 24.06 21.13 0
Total 82.54 83.29 86,72
Present Value of Cost 37.32 37.32 37.32
{r = 8%)
Net Benefit _ 45.22 45.97 49.4
ETRR (%) ' 14.8 14.8 14.6

-~ 109 -



Table 33 SENSITIVITY ANALYSIS

EIRR . Sensitivity

‘ . () . . Indicator o

Change in . __ Alternative = Alternative _
) (%) 1 2 ‘3 r 2 3
Base Case o - l4.8 14.8 14,6 - =~ S =

{1) Investment costs and +10 13.8 13.9 13.8 0.68 0.61 0.55

G &M costs . o o .
(2) Benefits . -325 12.1 12,1 12,1 0.73 0.73 0.68

(3) Delay in Cdnstrﬁétioh one year  14.1 14.1 14.2 - - - -
(4) Combination of 11.0 1.0 1l.2 - - -

{1), (2) and (3}
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'Taﬁle 34

JOINT COST ALLOCPTION OF BERIS DAM,

ALTERNATIVE 1,

MUDA PRIORITY

(Proportion in %)

- 111 -

Unit: Ms10®
Kedah River System " Muda-Perai River System
River
: Tribu- mainte~ a3 : Cpriby- '
. i mi . D&I
(MADR - Main  tary nance e taxy :

_ main  minor mipor- D&YX flow Redah P. Plnang minor Xedah P. Pinang Total
1. Benefit : 31.21 0.84°24.35 1,16 .0.93 3.62 3,62 10.04 2.42  4.36 82.55
2. hlternative Cost 40.37 29.11 39.95 ' 29.32 29.12 30.45 30.45 34.39 29.95 31.58  324.69
3. Justifiable prendituré 31.21 0.84 24.35 1.16° 0.93 31.62 3.62 10.04 2.42 4.36 82.55
4. Scparable Cost ) : _

Construction 14.59 0.77°14.17  1.05 G.91 2,87 2.87 8.34  2.03 4.62 52,22
Capitalized O &M 0.13 0 - 0,07 0o - 0 0.0 0.01 0.04.  0.01 0.02 0.31%
‘Total : 14.72 0.77 14.24 1.05 0,91 2.88 2.88 8.38  2.04 4,64 52.53

‘Total Allocated Cost

" Construction 23.05 '0.80 19.36 1.10 0,92 3.25 = .35  9.l9  2.22  4.62 67.76
Capitalized o0& M "0.62° 0.0 0.37 001 0 0.04 0.04° 0.0% 0.02 0.02 Co1.22
Total 23.67 0.8 19.73 1.11 0.92 3.28 3.28 9.28 2.25 4.64 68.98
{Proportion in %) 34,31 1.17 28.60 1.61 1.34 4,76 4;76 13.486 3.26 6.73 100.00
Table 35 JOINT COST ALLOCATION OF BERIS DAM,
ALTERNATIVE. 2, EVEN DISTRIBUTION
C . Unit: M$1p6
Kedah River System . Muda-Perai River System
) ] River . )
Tribu- mainte- N Tribu-
MADA  Mafn tary nange . tAlnminor =~ ops . D&T
main minor minor D& I Flow Kedah P. Pipang miror Xedah P. Pinang Total
1. Benefit 34.52 0.84 24.35 1.30 1.1 2.15  2.15 10.04 2.42 .4.36 83.29
2., Altgrpative Cost 41.79 39.11 39.95 29.456 29.32 29.53 - 29.53 34.39 29.95 31.58 324.62
3. Justifiable_sxéenditure 34.52 0.84 24.35 1.30 1.16 2,15 2.15 10.04 2.42 4.36 831.29
4, Separable Cost - )
Constrpction 16.13 0.77 14.17 1.12 1.05 1.47 1.47 8.34 2.03 4.62 51.17
Capitalized O & N 0.08 0O 0.07 0.01 0 G.01 0.01 .04 g.01 0.02 0.25
Total ' 16.21 0.77 14.24 1.13 1.05 . 1l.48 1.48 8.38 2.04 4.64 51.42
Total Allocated Cost . : L
Cbnst;uctionr 25.58 0.80 19.39 1.21 1.10 1.82 1.82 9,20 2.23 4.62 67.76
Capitalized O&H 0.63 0.01 0.37 ©.0L 0,01 0.03 0.03 0.00  0.02 0.02 1.22
‘Total 26,21 0.81 19.76 1.22 1.11- 1.84 1.84 9.29 2;25 4.54 68.98
(Prﬁportion in %) 37.99 1.17 28.65 1.77 1.61 2.67 2.67 13.46 3.26 6.73. 100.00
Table 36 JOINT COST ALLOCPTION OF BERIS DAM,
B ' ALTERNATIVE 3, KEDAH PRIORITY
Unit: Msio®
Kedah River System Muda-Perai River System
River Tribu-
. Tribu- - mainte- Main minor - D&l
MADA Main- tary pance . . fary
main, minor minor D&I flow Kedah P, Pinang Minor gedah P. Pinang Total
1. Benefit 56.68 1.48 24.35 2.22 ° 1.99 ' 0 0 0 0 2 856.72
‘2. Alternative Cost 52.00 29.46 32.95 29.88 29.481 9 o} Q 0 o} 181,311
3. Justificable Expenditure 52.00 1.48 24.35 2,22 1.99 0O 0 0 0 0 86.72
4. Separable Cost ' ) ) .
‘Construction - 26,37 1.12 14.17 1,82 1.75  © o 0 0 0 45,23
. ‘Capitalimed &M "0.12 0.p1.0.07 0,00 0.01 0O 0 0 0 "0 0.21
Total 26,49 1,13 14.24 1.83 1.78 0 ] ] Qo Q 45,44
Total Allocated Cost )
Construction . 42.07 1.34 20.39 - 2.06 .89 [¢] 0 0 Q [¢] 67.76
Capitalized 0gH 0.82 0.02 0.35 0.02 0.01 0O 0 0 o 0 1.22
Total o 42,30 1.35 20.74 2,08 1.91° O 0 0 o o &a.98
62.19 1.96 30.07 3,02 2.717 0 o] ¢} o [ 100.00



Table 37  COMSTRUCTION COST ALLOCATION
TO AGENCIES .CONCERNED

Unit: M$106 .

Kedah', ~__B. Pinang =~

MADA - DID . PWD - DID - _PWA
Alternative 1 3304 47.65 470 4.60  6.50
Alternative 2 36.69  45.94  4.86 - 2.58  6.50"
Alternative 3 60.07  33.61 2.91 0 . 0
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:Tab}é'38' 'TYPICAL FARM BUDGET OF AVERAGE FARM
a HOUSEHOLD FOR ONE CROP SEASON

Unit: M$/ha

without—prbjéct : With-project
MADA - Rainfed . | MADA Minox
(1) Paddy Expenditure _
Material lnputsll. 46.77 36.55 50.17 46.77
_leed machinary 407.53 ' 318.55 437.18 407.53.
Hired labour @ © 423.57 - 331.09 454;38 423.57
Trénqurtétion 56,88 42.55 61.02 h4.44
Taxes and others = 96.14 96.14 96,14 96.14
(Cost for land owner) (1,030.89)  (824.88) (1,098.89) (1,028.45)
‘Land rent 285.00 285.00 285,00  285.00
 Total 1,315.89 1,109.88  1,383.89 1,313.45
(2) Paddy'lncoﬁé _
paddy sales 1,576.80 604.80  1,971.00  1,773.90
Labour - income 1913 170.70 19,13 19.13
Other income _ 19.76 49,38 19.76 19.76
Gross cash income _' - {1,615.69) (824.88) (2,009.89) (1,812.79)
Value of unsold paddy . 583.20 583.20  729.00 - 656.10
Total o 2,196.89 = 1,408,08 . 2,738.89  2,468.89
(3) Net Income
Net cash income from 584.80 0 911.00 784 .34
paddy ) : .
‘Net income from paddy  883.00 208.20  1,355.00 1,155.44
{4y Inqreaée in cash income - - 326.20 784 .34

from paddy cultivation

iReﬁark; /1 : Cash subsidy of M$457.88/ha deducted.-
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Pable 39  CASH FLOW TABLE FOR FEDERAL GOVERNMENT
Unit: M$106

outflow ' Inflow

kﬁﬁeris Dam .Cost Repayment for  Foreign Repayment .Repagmént Shrplgs
Year PForeign Local Total Foreign Toan Loan from PWA ~ from PWD  Balance
1985 0.84 0.36  1.20 0.04 0.88" 0.0 . 0 . ~0.35
19086 1.44 ©0.60 2.04  0.10 1.54 0.02 . .0 .. .-0.58
1987 7.32 34.76 42.08 0.40 7,72 0.25 0,06 -34.45
988  3.53 10.91 14.44 - 0.55 4.08 0.30  0.08 -10.53
1089  2.95 14.00 17.04 0.67 3.62 0.42 ' '9.11 ' =~_3L3'..56
1990 _ 0.67 0:42 0.1 ~0.14 .
1991 - 0.87 0.42 0.1 -0.14
1992 1.27 o 0.42 0.1 ~0.74
2009 1.27 _ 0.42 S 0x11 ~0.74
2010 - - 0.42 0.11 . +0.53
2011 041 0.10 - +0.51°
2012 N | o p.17 0.04 +0.21
2013 . 0.9 - 0.02. 0.11

wable 40  CASH FLOW TABLE FOR MADA

. Unit: M$106

Qut:flow.

_ Beris Dam Cost .inflow - surplus
Year Const.. O&M Federal Fund . Balance
1985 0,45 - 0.45 0
1986 1 0.78 0.7 . 0o
1987 15.99 : 15.99 0
11988 5,48 . 5.48 0
1989 6.48 | 648 .0
1990 0.06 0 0.06
2015 - 0.06 . - 40,06
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Table 41 CASH FLOW TABLE FOR KEDAH DID

- : _ unit: M$10°
Qutflow Inflow

Beris Dam Cost Reimbursement | Surplus
Year . Const, &M from Federal Balance
1985 0.57 ' 0 -0.57
1986 0.97 0.57 -0.40
1987 20,02 : 0.97 -19.05
1988 6.87 20.02 +13.15
1989 . 8.11 6.87 -1.24
1990 0.08 8.11 +8.03
1991 0.08 -0.08
2015 | 0.08 - -0.08

Table 42 CASH FLOW TABLE FOR.
PULAU PINANG DID

Unit: M$10©

Outflbw Infiow

. Beris Dam Cost Reéinbursement '_S_urplus
Year Const. O&M from Federal Balance
1985 0.03 0 -0.03
1986 ' 0.06 '0.03 -0.03
1987 - 1.12 0.06 -1.06
1988 0.39 1.12 +0.73
1989 0.45 0.39 -0.06
1990 0.45 +0.45
1991 0 : o

2015 0 0
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Table 43

CASH FLOW TABLE FOR PWA
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Unit: M$106
‘outlfow : ___I_;r}_g_]__‘gf_qm'_
Beris Dam Cost Repayment to Loan -from Surplus
Year Const. oO&M Federal Federal " Balance
1985 0.08 0.01 0.08 -0.01
1986 0.14 0.02 0.14 ~0.02 -
1987 2.83 0.25 2.83 - -0.24
1988 0.97 0.30 0.97 -0.32
1989 1.i5 0.42 1.15 -0.41
1990 0 0.42 ' -0.42
2009 0 0.42 ~0.42
2010 0 0.42 -0.42
2011 0 0.41 -0.41 -
2012 0 0.17 -0.17
2013 0 0.09 -0.09
Table 44 CASH FLOW TABLE FOR PWD, KEDAH
Unit: M$108
Outflow . Inflow S
Beris Dam Cost Repayment to Loan from Grant from - Ssurplus
-Year Const. O&M Federal Federal Federal Balance
1985 0.06 0 0.02 0.04 0
1986 0.10 0 0.03 0.07 0
1987 2,11 0.06 0.74 1.37. -0:06
1988 0.72 6.08 0.25 0.47 ~0.08
1989 0.86 _ 0.11 0.30 0.56 -0.11
1990 0.01 0.11 ' ' -0.12
2010 0.01 0.11 ~0.12
2011 0.01 0.10 -0.11
2012 0.01 0.04 ~0.05
2013 0.01 0.02 "-0.03



Table 456 AVERAGE ANNUAL WATER DEFICIT BY CAUSE BY
AFFECTED AREA FOR SUPPLEMENTAL STUDY

Unit: 106 w3

Affected Area by Water Deficit

Kedah River System ‘Muda-Perdi River System
_ Cause of MADR  Main - _ Main minor
Water Deficit main  minor D&I  Total Kedah P.Pinang D&I Total
1983 Kedah System '
MADA main - 383.3 6.7 o 390
Main minor ‘ 6.9 0.1 0 7
Tributary minor . '6.§ 0.1 0 7
&L : © 4.9 0.1 0 5
Total 402.0 .7.0 0 409
Muda-Perai System :
. Kedah: ¥ain minor:' . 0.2 0;8 . ﬁ 1
Tributary minor . 0.2 0.8 '
DST ' oo 0
. P.Pinang: Main minor 0.9 3.1 0 4
. BBI, : 0.2 0.8 o 1
Total ' : : 1.5 5.5 - 0 7
1990 Kedah System _
MADA main 334.5 5.5 0 340
Main minor - - 6.9 0.1 0 7
- Tributary minor - 6.9 0.1 ] 7
D& . . Q 0 0({+46)
Total 348.3 5.7 0 354(400)
Muda-Perai System :
. Kedah: Main minor : 0.2 0.8 0
Tributary minor 0.2 0.8
D&Y : : 0.5 1.5 0
Y. P.Pinang: Maih minor - _ . 0.7 - 2.3 0 3
DI : 4] 0 9] 0 {+4)
‘Total _ ' 1.6 5.4 0 7 QL)
2000 Kedah'System
MADA main : 334.4 5.6 0 340
Main minor ] : 6.9 0.1 0 7
Tributary minor 6.9 0 7
"DBI . R 15.7 9 16 (+45)
Maintenance flow 13.8 0.2 0 14
Total - ) 377.7 6.3 0 384(429)
MudaPPeraiISystem '
. Kedah: Main minor : - 0.2 0.8 ] 1
Tributary minor . 072 0 1
per . 0.5 1.5 0 z
. P.Pinang: Main minor 2. o 3
D&T . 1.2 0 5 (+9)
Total R 2.8 9.2 0 12 (21)
Remark ; Figures between paréntheses in row of D&I indicate supply from Ahning or

Mengkuang dam, those in row of total irdicate deficit if Ahning and
Mengkuang dams are not cperatgd.
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pable 46  WATER DEFICIT IN MINOR IRRIGATION SCHEMES IN
THE MUDA MAIN STREAM FOR SUPPLEMENTAL STUDY

Alternatives

No Project 1 2 - -3
1983
Frequency 8/23
Average annizal deficit 3%
. Demand
Monthly maximum deficit 655
Demand N
1990 ,
' Fréquency_ 10/23 1/23 . 6/23 10/23
Average annual deficit 33 : nil : 0.4% 24
Demand .
Month i i ci B '
~Mon 1y ?ax1mum deficit 60% o hil 165% ‘ 503
Demand . S
2000
Frequency - 11723 1/23 . 7/23 11723
Average annual deficit o . e
bemand. 5% -nl;. o 1% 4%
Monthly maximum deficit - ' o ’ :
Y Taxt = 90% - nil 308 75%.

Demand
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Table 47

AVERAGE OFF-SEASON CROP AREA IN THE

MADA AREA FOR SUPPLEMENTAL STUDY

Aveérage Crop Area

1983

Remarks;-'Frequency of deficit yeaf

‘Average proportion of annual deficit to demand

Maximum proportion of monthly deficit to demand: 50%

- 119 -

1.990 2000
(%) (ha} (%) (ha) NEY {ha)
Alternative 1
Pedu + Muga 54 51,000
+ Ahning ' 61 58,000 60 57,000
+ Jeniang 81 77,000 77 73,000
+ Beris 89 85,000 85 81,000
+ Reman 98 93,000 94 89,000
+ K. Thepha 100 95,000 96 91,000 -
' AléernatiVe 2
+ Bhning 61 58,000 60 57,000
+ ieniang 81 77,000 77 73,000
+ Beris 89 85,000 86 82,000
+ Reman . 98 93,000 94 89,000
+ K. Thepha 100 95,000 99 91,000
' Alférnative 3
+ Ahning' 61 58,000 60 57,000
+ Jeniang 83 79,000 80 76,000
‘4 Beris 89 85,006_ 90 84,000
+ Reman - 98 93,000 94 89,000
+ K. Thepha 100 95,000 96 91,000
+ Merhok 100 95,000 99 94,000

5/23



Table 48

NET WATER OUTPUT OF BERIS DAM_FOR

SUPPLEMENTAL STUDY

Alternative 1

Alternative 2

Unit:

6

10° m

Alternative 3.

3

arignal* Revised** Original* Revised** Original* Revised**

1990
Kedah System
MADA 45.1 50.0 46.1 51.0 53.9 53.9
Main minor 0.9 1.0 0.9 1.0 1.1 1.1
Tributary minor 7.0 7.0 7.0 7.0 7.0 7.0
D&l 0 0 0 0 o 0
.Sub-total 53.0 58.0 54.0 59.0 62.0 62.0
Muda-Perai
Kedah o _
Main minor 3.0 1.0 2.5 6.8
Tributary minor 4.0 1.0 4.0 1.0
D&I 2.0 2.0 2.0 2.0
Pulau Pinang - )
Main minor 3.0 3.0 2.5 2.2
D&T 0 0 0 0. :
. Sub~total 12.0 7.0 11.0 6.0 0 0
" Total 65.0 65.0 65.0 65.0 62.0 62.0
2000
Kedah System _
MADA 20.6 42.4 23.3 45,1 41.3 53.2
Main minor 0.6 - 0.9 0.6 0.9 o 1.1
Tributary minor 20.0 7.0 20.0 7.0 20.0 7.0
D& I 1.0 2.0 1.0 2.1 1.9 2.5
Maintenance flow 0.8 1.7 1,0 1.9 1.7 . 2.2
Sub-total 43.0 54,0 46,0 57.0 66.0 66.0
Muda-Peral System ' '
Kedah
Main minor 3.0 1.0 1.5 0.2
Tributary minor 10.0 1.0 10.0 1.0
D&I 2.0 2.0 2.0 2.0
Pulan Pinang :
Main minor 3.0 3.0 1.5 0.8
D&1I _ 5.0 5.0 .. 5.0 5.0 ,
Sub-total 23.0 12.0 $'20.0 9.0 0 0
Total 66.0 66.0 66.0 . 66.0 . 66.0 66.0
Estimate'for‘thé'previous'demand condition.

Remarks;

- 120 -

** ; PRstimate for the revised demand conditon in the
supplemental study. )



Table 49 NET WATER OUTPUT AND REMAINING DEFICIT FOR
SUPPLEMENTAL STUDY

Unit: 10° m3

1590 2000

Kedah Muda _Kedah Muda
Alternative 1
Target Deficit 354 7 384 12
Jeniang 182 185
Beris 58 7 54 12
Reman 83 ' 83
K. Thepha . _ 26 ' 26
Remaining Deficit 5 0 36 0
'Alﬁernative 2
Targelt Deficit o 354 7 384 12
Jeniang 182 : 185 '
Beris : . 59 6 57 9
Reman 83 83
K. Thepha o 26 26
Remaining Deficit 4 1 ' - 33 3
: Altefhative 3
Target Deficit 354 ' 384 12
Jeniang 182 187
‘Beris . 62 ' 66
Reman _ 83 83
K. Thepha 26 26
Remaining Deficit 1 7 22 12
Merhok _ 7 12
Remaining Peficit 1 0 22 0
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Table 50 RESULTS. OF ECONOMIC EVALUATION OF

 BERIS DAM FOR SUPPLEMENTAL ‘STUDY

‘M$106

Unit:
Alternatives.
1 2
Préseﬁt value bf'Benefif
{r = 8%)
Kedah river system
MADA 59.33 62.75 . 73.00
Main minor 1.23 1.23 S 1.52
Tributary minor 9,58 3.58 9.58
D&l 2.4 2.55 13.01
Maintenance flow 2.04 2.27 . 2.64
Sub-total 74.59 78.37 1 89.75
Muda~Perai river sysﬁem
Kedah _
Main minoxr 1.40 0.51
Tributary minor 1.40 1.40
D& I 2.80 2.80
P. Pinang :
 Main minor 4.20 - 1.68
D& T 5.07 5.07 -
Sub-total 14.87 11.46 0
Total 89.96 89.83 89.75
Present Value of Cost 37.32 37.32 37.32
(r = 83%) ' o '
Net Benefit 52,14 52,51 52.43
EIRR (%) 15.3 15.3 14.9
Remark; r : Discount rate
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" Table 51  CONSTRUCTION COST ALLOCATION
: TO AGENCIES CONCERNED FOR_
SUPPLEMENTAL STUDY

Unit: M$10°

Kedah Pulau Pina@gw

MADA bBID PWD DID . PWA
Alternative 1 58.72  19.26  6.64 . 5,12  6.85
Alternative 2 62.44  18.46  6.86  1.95  6.85

. Alternative 3 74.58  17.96  4.05 O 0
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Supply System Diagram

Padu Dam QBDDDDDEDD Muda Dam
N/ \__/ LEGEND
Ahning Qam Tribulories Upstream of Berls D.orn [ Ifr!o;;lr?\r;nd
Pelubang k—‘j —eend _
. patl
. {1} O Demand
. T Muda Tributaries
{6)
Janiang Wair
" Kedah Main asinl| 3 —
<: ¥ 15) O.
t2) HE o O £ K victoria Estots stotion )
€ . :@ : 8'& Muda Maln 1
] . 3 .
L = o .
g Oz 2 _
8 s & z (7}
V =F’elutmn(; Batrags 0 § :@ s
QDO = Paral o :">@
Guor <: .
Kepoyang (9} . 1
T .
MADA Ireigotion [Aren Ragulator
| ¢
) Paroi Mangk
(4) | 14 Dam
f J
i
£
Kedah' Main Tributaries g:ﬂ?;;?m o feral Barrage
(ool i
P Pinang
) Mude
Kedoh Barroge Burrﬁqe
1] [
{10}
‘Remarks : Figures between paretheses show item
numbers in Table 7. '
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Net Present Value of {B - C)
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Remarks; 1) Hiéh is drawn based on the highest estimate of unit water present value.
" 2} Lowis drawn based on the lowest estimate of unit water present valug,

Fig. 5 Relation Between Project

. REGIONAL WATER RESOURCES STUDY PART 2

Scale Gnd Net Pfeseﬂt - P ———— or MALAYSIA
- Cy ‘| NATIONAL WATER RESOURCES STUDY, MALAYSIA
Value of ( B - C ) . PERLIS-KEDAH-PULAU PINANG

JAPAN INTERNATIONAL COOQPERATION AGENCY




PULAU PINANG -

GOVERNMENT OF MALAYSIA
NATIQNAL’ WATER RESOURCES-STUDY, MALAYSIA
REG!ONAL WATER RESOUACES STUDY PART 2

PERLIS-KEDAH
JAPAN INTERNATIONAL COOPERATION AGENCY'

T T ; T 1 NN IOANES I S0 FONVHY S 158
B HRER Wi g1l avod_NoIvagiadg
T : s | IEIC0L 08 3504 {Ua\lyuDguiz
. i I I A . 1 00881 I T
e T - - : . I Ho0E e 3iog IsuUGES
i s i ] j i wozg's (Ujo3ng ) Dulnosg
T s . BRE . ) 1 2008 0Y UO[{DARIXT . JOLBRUNDy
s - ] “WVQ 3700YS2
T T A A . ’ . -
_ __ WE_ ) ; 1 ] - T 135 BAIDA G 9109 JQ UOLLDY|DISV]
: ’ ] . 11 lag £13A1180 G bUpRjI0AUDY
buidgiyg . I : . SHYOM TYL3IWN'9
¥ .. . . .
ﬂ _ _ : } nEOOF.N BjRIOUDD
1 ! . A= Y ! : &S00 L Go1{DADSX UOI|DpURE
] I L I T . : NiSvE ONITIIS G
Lt _ ANEEENEN : _ _ _
- | z e : . HO0F9s! B1AI0000 S5O
m ~ * T T o T g EONm.m B N .mcl::onﬂ
i . : $WO0g'0¢ UG;JDADIX Y URI{CpUnoy
Wva y34300 B Wyd NIVIW'E
[E13 [ TTEEREICE]
mll i . Wole {9iREIRD "usliepllosue] ) IR0
G I ! w El 15075 e
! I L [ {A ] CH00G'E | (Bduni @ Gsdg) 8(esdUs)
/ ™~ # ] UOISIDAIQ JaAlY . cWODE 'L UCIDADIR S fauun g
y i1 ! b W00 | GolBAoNg uady
winsely uaisiaag . | NOILINY LENOD . SHYOM NOISHIAIC H3AIN'E
R HRER I 40 INIWIONIWIWOD :
. IR ! ] '8 poey sSaddy
NOILDNHISNOD | e i ) 57 lupid pub $8111)j204 UO[ionaisue]
40 NOLLIdWOD ] : 3] ual) OZ)90H
SRR ; . ; . j SHHOM NOLLYEYLEEd &
m | _ 2 ; 130U7) jo piomy @ oaaiddy
i [ -’87 ugijotiebay pup uolianicA3
_ T j A — [ i 105y Japua)
i T ‘7 ualgDa; et asg
_ M TR TR srTeaa ST ublesg 1ioag
N : . . . 5530054 HIGN L ONY NBIS30 ¢
viWalrlaNTalsivir | FIw[w{WaTr alNiGTE Wit FIR[wIR]2[PGINICTS[v i TIW v Wl S Tela[NIo S Iy r rlAlv[Wid[PlaiNIO|S] 4 4 NOILJINOS 3T
[ 0661 | EB6 | j SREL LEEL g 386 - SB61 '

Construction Time Schedule

of The Project

Fig. 6




[KEDAH RIVER ]

. 1620 29
1983 : i1 ithdrowal
River_Runglf frmmr o withd
990 - 1620 Ll cas in Tributary
2000 1620 281) \gas
t983 i 1232 1365 ’
Woter Demend of Moin Siream / - bat Tdé’n‘iz}%’g\
1990 MADA Irrigation 1239 i 350 i
(Main + Fringe) - Mmmenonce Flow
10C i264 - 137 415
2 Z14
) S oy 409
1983 oo A 1365
. g
1990 *-ggwn;_r;)llza Pedu B Mudo Doms 8 1364 Ahning Dom // 400
2000 iver Flaw Ty 1415 Suesly ™ aza
. Water Deficit with Ahring Tam
- [PINANG ISLAND ] PERAT _RIVER
: . . a8 - i 22 342
1983 % River Runoff of Some Rivers 1983 River Roroll |~~2 - withdrawat
1980 69 1990 I 540 in Tributary
2000 | eo 2000 542
14
’ | Water Demond
1983 80 woter Demond 1983 ¢ —
; —-Tribus D d
1990 s 1390 | o ributary Deman
DB f
2000 147 2000 9
1983 &0 Lo 1983
2 - Ayer Hilam Dam '+ _Balance
1990 .Uncontrolled River Flow 1990
—~w-Deficit (A} Bolan
2000 157 -2000¢E 2000
[MUDA RIVER |
1983 - 2308 33 3339
River_ Runoff (( :
1990 3305 \ 3 3339
2000 3299 _J) 8O 3339
1983 40
g 2 -Tributgry Demond
. 1980 I
2000 1£ 121 256 i3 Water Demand
Deficit (B)
o -
: 7S 7
1983 o 34 a BT
) 11 — it
1990 - Z‘” 05 S Defict i N
ncontrotle 2 3.
2000 River Flow 435 ) I ;9\-- ~
: 458 NMengkuong 24
Suppl
Pam Supely Water Deficit with
Ahning Dam . ,
L ] f
Q 500 1000 1500 180G
(10° m3}

Fig.7 Wafer_Der'm;qnd and Supply
Balance with Existing and

~Ongoing Source

Facilities

for Supplemental Study

GOVERNMENT OF MALAYSIA
NATIDNAL WATER RESOURCES STUDY, MALAYSIA

PERLIS-KEDAH-PULAU PINANG
- REGIONAL. WATER RESQUACES STUDY PART 2

JAPAM INTERNATIONAL COOPERATION AGENCY










SCALE

(I‘l‘:\'l'l-: Nt J

7\ Kg. Batu Seketu)

/

Kg. Sg. Batang

LEGEND

e wommem OM ARIS

—-—— Reservoir Boundary
——— Forest Reserve Boundary
Rubber

Paddy

Mixed Cultivation
Forest

‘Relocotion Road
\ Width=5500, L= [ 19 km

. N servoir A regd . . _ © ' GOVERNMENT OF MALAYSIA
Presen i Land Use ! n Proposed ) Re . NATIONAL WATER RESCOURCES STUDY, MALAYSIA
5 R _ . : : - : PERLIS-KEDAH-PULAU PINANG
: : ' REGIONAL WATER RESOURCES STUDY PART 2

JAPAN INTERNATIONAL COOPERATION AGENCY




SCALE

General Plan of Damsite
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