2.6_,Types'offPUmps

Submersible pumps rated 5.5 to 22 kW, delivering 150 to 1,450 m3/d,

are installed in shallow and deep tubewells. Centrifugal pumps rated

5.5 to 15 kW, delivering 750 to 1, 300 m3/d, are equipped in dug wells
at Kota Belud waterworks. Careful maintenance of the submersible pump
is carried out due to the clogging of pump intake by cohesion of iron
bacteria deposits. Some submersible pumps weré dropped in the well
resulting in the corrosion of the steel riser pipe.  But the steel riser
pipe is"being replaced by stainless steel pilpe.- It is recommended to
replace the centrifugal pumps at Kota Belud waterworks by submersible
pumps which can provide the increased capacity (Ref. 18).

2.7 Pumping Test

'GSD Sarawak has carried out some pumping tests on shallowtubewells
in coastal alluvial-aquifers with thickness of 5 to 10 m along the South
"ChinaSea, and the: avallable pumplng yield was estimated'in the range
of 100 to 240 m3/d with an‘average of 210 m3/d {(Refs. 38 to 45). The~
- PWD in Sabah has also. petformeéd pumping. test on’ 16 new deep tubewells’
in sandstones with’ alternatlng shales 'in Tabuan: Island and the available
pumping yield was estimated in the range of 140 to 600 m3/d with an
average of 390 m3/d (Ref. 16). Productivity of existing 24 deep tube-
wells in sandstones with alternating ‘shales- at.Sandakan area wasesti-
mated to be 240 to 1, 450 m3/d with an average of 780 m3/d. ‘Maximum
puniping yield from each existing dug 'well ‘in ‘alluvial sediments at Kota
Belud was estimated to ‘be 700 m3/d (Retb. 1 to 4) :

Coeff1c1ent of transm1531vity was estlmated to be from 70 to 420
m2/d with an average of 230 mZ/d" in coastal alluvial aquifers and cor-
respondingly 20 to 160 mZ/d with an average of 80 m3/d in Neogene sand-
stones -with a}ternatlng shales ‘ .
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3. DEVELOPMENT POSSYIBILITIES

3.1 Classification'of Groundmater Potential

Aquifers are recognlzed malnly in sandy layers of Quaternaty o
sediments and fissures or cracks of Neogene sandstones with alternating
shales. i

Quaternary sediments are composed of clays, silts, sands and some
- gravels. Trick layers of .clay or silt are prominantly: found-in coastal.
plains along the South China Sea: - The occurrence of aquifers are often .
limited in extent that 1s assumed to be less than 10% of the coastal
alluvial plain. At present, it is difficult to estimate the thickness
of aquifers except for the shallow part of. Quaternary sediments which
are less than 30 m in depth. Quaternary sediments more than 30 m in
depth are not known resulting in the limited capac1ty of “the existing
drilling equipment: of GSD Sarawak ‘A systematic exploration scheme
with the acqu181t10n of a new drilling machine is being planned by GSD
Sarawak assess the maximum.thickness of the Quaternary sediments which
" are deduced: to be 90 m. Aquifer thickness of Quaternary sediments less
than 30 m in depth is assumed to be. 2 to 20 m for this Study (Refs. 19
to 45). . . . .

Bracklsh to sallne groundwater is observed in the exploration holes
aléong the coast of South Chlna Sea. Aqulfers dintruded by salt water -
are noted in mangrove swamp areas at the coastal plains (Refs. 19 to 45).
Typical hydrogeological profiles are as shown in Fig. 2.

- The composition of the rocks in Sabah and Sarawak includes lime-
stones, sandstones, conglomerates, volcanic rocks:of andesite, basalt,
tuff and breccia, charts shales, mudstones, granites, schists and others..

“The aquifers are recognlzed more or less in the faulting or fissured
zones in all rocks. The occurrence of aquifers in hard rocks are often
limited in extent. -

: Neogene sandstones with alternating shales make it p0551ble to
d1st1ngu1sh the characteristlcs of aquifer (Refs. 1 to 15)}. ‘The maximum
depth of the existing exploratory boreholes is, 305 m (Refs. 11 to 14).
-Average depth of the existing production wells in sandstones is approx-
imately 100 m (Refs. 1 to 15). Aquifer thickness of sandstone is esti-
mated to be 5 to 25 m on the basis of some results of flow velocity
logglng (Ref. 3)

On . the basis of the parameters of thlckness, specif1c yield, ‘pumping
discharge, transm1551v1ty coefficient and drawdown concerning the aquifer
as described in the Phase II Study,.the potential areas were classified
by elght hydrogeologlcal land classification classes. The range of
specific yleld was assumed because there was no data available.

5-8



(1) Alluvial Class I

~This is the excellent aquifer witﬁ high permeability being lpbated
in the alluvial plain at Kota Belud and some coastal plains. = Aquifer
parameters are assumed as below: :

Thickness of Aquifer : 5= 20 m

Specific Yield _ : 15 - 207 1

Pumping Discharge _ : 400 - 1,000 m3/d“
- Transmissivity Coefficient: 200 - 500 m2/d

Drawdown : 1 -10m- .
(2) 'Aliuvial Class 11
This is the good aquifer with moderate permeability and thickness -
being located at the dowmstream areas in the Rajang river basin and some

other coastal plains. Aquifer parameters are assumed as beloy:

Thickness of Aquifer s 5 -15m
Specific Yield =~ . - ¢ 10 - 20%

Pumping Discharge 200 - 400 m3/d
Transmissivity Coefficient: 50 — 200 m<¢/d

Drawdown. = - = B 1~ 10 m.
(3) - Alluvial Class ITII
This 1is the fair aquifér with moderate permeability and thickness.

less than alluvial Class 1I being located both in coastal and river .
alluvial plains. . Aquifer parameters are assumed as below: °

- Thickness of Aquifer - i 2-8m
“Specific Yield ¢ 10— 15%
Pumping Discharge - “: 50 - 150 m3/d
Transmissivity Coefficient: 10 - 50 m2/d

Drawdown = - _ : : 1 -10m
(4) Alluvial Class IV :
- This is;thg poor aqﬁifer;with_medium_to 16WEPEImgébility &nd[véry
thin thickness less than 2 m being located at the foothills of the.

highlandsrbrisga coast. _AQuifer.parameters are assumed as below:

‘Tﬁiékﬁésé_bf‘AQﬁifér ' -2 m

" Specific Yield . & .. fo05 = 157

_ Pumping Diseharge- = 1 .0~ 50 m3/d

"~ Transmissivity Coefficient: 0 -'10 m?/a
. 1 - :

 Drawdown - . S R 10 m

(5 .Ailﬁﬁial‘CIass-V
”=fﬁié is the very boor_aquffer.ﬁithythiékﬁeég.apbroximafélj éero_or

intruded by sea water being located at the mangrove swamp areas. . No

groundwater development is expected in this class.

i
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(6) Rock Class I

'This is the excellent aquifer with large to moderate in thickuness
being located in' the limestcone of crystalline and karst type. Howevel,
the distribution of limestone is very limited. Aquifer parameters are
assumed as below: ' :

Thickness of Aquifer .5 -30m
Specific Yield : 5 - 10%
Pumping Discharge ' : 100 - 1,000 m3/d
Transmissivity Coefficient: 50 - 300 m2/d
Drawdown -t 1L -10m

{(7) Rock Class II

‘This is the fair to good aquifer with moderate to large thlckness
being located -in thé sandstones with intensive fissures or cracks.
Occurrence of aquifers is noted in Neogene sandstone formation in

Sandakan and Belait. Aquifer parameters are assumed as below:

Thickness of Aquifer ¢ 5 -25m
Specific Yield : . 2 - 8%
Pumping Discharge : 100 - 500 m3/d
Transmissivity Coefficient: 20 - 100 mZ/d

Drawdown _ : : 5-20m
(8) 'Rock‘Class-III
This is the fair to poor aquifer with moderate thickness being-

located at mountain areas where they consist of other rocks with flS-
sures or cracks. Aqu1fer parameters are assumed as below:

Thickness of'Aquifer t 1 - 15m

Specific Yield i 2 =572

Pumping Discharge : 0 - 100 m3/d

Transmissivity Coefficient: 0 - 20 m2/d
‘ 0~ 25m

Drawdown _ : 1

Purpose of thls c13351f1cation is to make a roughly figure of
groundwater resources potential map. Some good shallow aquifers in sand
dune or natural levees which are developed along the coastal plain of
large river basins such as Limbang, Miri and Dalat will be found in
alluvial Class III or IV, ‘however, thliis type. of aquifers which are often
limited extent are not dlstlngulshed in the above c13531f1cat10n. 1t
is rather difficult to distlngutsh the exact areas ‘of potential well
field in bardrocks due to the irregular distributions of fissures or
cracks. In this ‘scene, neogen sedimentary rocks of sandstomes with -
alternating shales such as Miri, Nyalau and Tukau formations which are
widely developed in hilly or mountain ateas along South China Sea are
mnot all included in rock Class II. Further investigations will delineate
the above uncounted potentlal well fields in aliuvial Class III or IV
and rock Class IIL.
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Probability of occurrence of non-productive fields is assumed to
be 10% for alluvial Class I, 30% for alluvial Class II, '50% for alluvial
Class III, 80% for alluvial Class IV, 100% for alluvial Class V, 50% for
rock Class. I, 70% for rock Class II and 90% for rock Class II1 depend-
ing on some empirical probability of water well development, Hydro-
geological land classification map is as shown in Figs. 3. to 5. "Area of
hydrogeologlcal land by class by Basin is as shown in Tables 2 and 3.

3.2 Storage Potential

Storage potentlal refers to groundwater storage volume in the
aquifers. A part of the storage volume could be used for mlning yield -
in rock aqulfers. The storage potential is estimated as follows:

SP = A x.b x Sy :f"f"‘?""“'i'?"“"' (1)

where, SP; Storage potentlal
A i Area
b : Thickness of aqu]rer
Sy: Spec1f1c yield (Fffectlve poroslty)

Assuming the average thlckness and average spec1flc yleld by hydro-
geological land class as shown in Table 4, the storage potentral by class
in the Basin was calculated as shown in Tables 5 and. 6,

3.3-'Groundwater Recharge

Very few studies on deep percolatlon or groundwater recharge are.
recognlzed in the Study. According to the recent study on deep percola~
tion in Japan, linear relation between deep percolation and precipitation
is recognlzed by a field 1nvest1gat10n and. water balance analysis. - The
deep percolation in alluvial plain and hilly land is estimated. to be 15
to 25% of the annual precipltatlon (Refs. 54 & 55). The deep percolatlon
in mountain areas of granitic rocks is prellmlnarlly estimated to be 3%
of annual preelpltatlon (Ref. 56). . Some rates of the deep percolatlon
are used in the previous studies to estimate the sustained yleld of the
~well field (Refs. 1 & 38 ‘to 45). They are assumed to be 20 to: 307 of

the annual precipitation in the well field of ‘coastal alluvial plain
and 15% of the annual precipitation in the well field of Sandakan sand-
stone -formation. Based on the previous studies, annual deep percolation
rates were assumed to be 22% of. annual precipitation in aliuvial plain,
-15% 0f annual prec1pitat10n in the hilly lands ‘of llmestones and Neogene
sandstones and 3% of annual precipitation-in the mountain- areas of other
rocks.. The deep percolation rates in the 47 Basins were calculated with
the .above-mentioned assumptions as shown in Table 7. Average daily
groundwater recharge was estimated by hydrogeological land clasq by
Basin as shown in Tables 8 and 9. . :
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3.4 Preliminary Estimate of Safe Yield

Assuming the probabillty of ‘occurrence of non- productlve field 0.1
to 0.9 safe yield was: preliminarily estimated by class in Basins and
districts as shown in Tables 10 to 13, which is neither larger than the
storage potential nor groundwater recharge.

3.5 Cost Analysis

The unit cost of water source was estimated so as to compare the
cost of groundwater with surface water. Corresponding to hydrogeological
~land classiflcatlon, seven cases were assumed by aquifer types, average

well depth, average pumping discharge, average drawdown, well types and
pump capacity as shown in Tables 14 and 15. Taking into account the
water quality of high iron ion and iron bacteria in both alluvial and
rock aquifers, the higher standard of well design is therefore adopted
in this analysis. The construction cost of well was estimated based on
‘some contract documents (Refs. 6 to 8 & 15).

Regarding the power source and electric supply from power system,
the power generated by diesel engine is used on the basis that a very
little difference of the power cost of less than 10% is recognlzed
between diesel generator and NEB electric supply.

Economic life of the facilities are assumed as follows:
Well - : 25 years
Pump : 8 years

Other'facilitiES: 50 years

- Estimated cost stream for 50 years of the assumed groundwater source
fac111tles is as shown in Table 16.

Unit - cost of water ‘source was estlmated on assuming discount rates
of 6 to 20% as shown in ‘Table 17.
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4, SOME COMMENTS ON GROUNDWATER DEVELOPHENT AND MANAGEMENT

 Present groundwater use is: rather limited compared with the use in
Peninsular Malaysia resulting from the limited occurrence of potential
aquifers. Groundwater use in water supply is concentrated mostly in
rock aquifers of sandstones with alternating_shales in Sabah, while some
coastal alluvial aquifers are being used in Sarawak. :

4.1 Sabah

At present, groundwater use is concentrated in the towns of Sandakan
and Labuan where the pumping vield is increasing to. the sustained yield
or safe yleld in the existing well field. Groundwater level may - drop .
if. the pumplng discharge exceeds the sustained yield Gradual drop in
water level year by year is recognized in some of the existing pumping
wells at’ Sandakan. The ¢ause of drop in the water level is not known.

It could be due to either overpumping or clogging of .screen pipe.’ High
iron ion and iron bacterla is found in deep aqulfers of sandstone, which
could be the cause for the clogglng of screen pipe or riser pipe.
Careful maintenance of production tubewell is carried out which 1ncludes
development of well ‘and periodical- replacement of riser pipe or sub-
mersible pump (Ref. 5). A systematic monitoring of change in groundwater
level and water quality should. be _executed s0.as to avoid the exhaustion
of groundwater resources. It may be p0551b1e that w1thdrawal of ground-
water from rock aquifers could consume a part of the mining yield.
However, if the groundwater extraction exceéds the sustain yield, it is
not recommended to use the mining ‘yield until a complete menitoring
system is established in the groundwater basin. Artificial recha1g1ng
methods such as flooding, basin, ditch and furrow, canal and well could
be used to set up the underground reservoir. Some catchment areas also
include the potential gite of artificial recharging, whlch is being
reserved by the PWD.

Management of groundwater ba51n 1ncludes the appllcatlon of not .
only reserving the catchment area but also 1mplement1ng the alternatlve
artificial recharglng whlch would be taken into consideratlon in the
further study ‘ :

Conjunctive'uee of groundwater and surface water is being carried
out at Sandakan. Surface water of the two small river ds used, as. sup-
plemental source for. water supply. hxten51ve surface water resources.
development is being systematlcally planned by PWD. 1nclud1ng the idea . -
of conJunctive use of surface water and groundwater toward the . .year 2000,
According to the proposed plan of the conjunctive use, groundwater could
be used for flex1bly supplemental water source after the completion of
the 1ntake/dam scheme (Ref. 1). 'An example of the conjunctlve use of
surface water and groundwater is as shown in Fig. 6
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A plan of the conjunctive water use is recognized at Labuan water
supply as shown in Figy 7 (Ref. 9). The maximum reéliable yield of the
conjunctlve use of groundwater and surface water was estimated to be
31 ¥ 103 n /d.' The COHJUHCElVE water use could be recommended until
the estimated water demand in the year 2000 exceeds the reliable yleld
of 31 x 103 m3/d in Labuan Island (Ref. 10).

4.2 Sarawak

Present groundwater use is limited -to very minor areas at the
coastal plains along the Scuth China Sea. Groundwater in perched or
shallow aquifers in coastal aréeas could be used for rural water supply
schemes, but it requires. a careful monltorlng to predict the salt water
intrusion resulting in overpumplng :

GSD is carrying out the prellmlnary monltorlng of groundwater
level and water quality at the four monitoring basins of Nonok, Kabong,_
Belawal ‘and ‘Kuala Lawas. Apart from groundwater exploration and devel-
opment, GSD is also In charge of monitoring it, All the monltorlng data
including the operating record of water level, water quality and. pumping
discharge of PWD's waterworks would be connected by GSD and compiled
into anhual report of groundwater data book. A systematic groundwater
explorat1on program which covers all the ‘coastal areas and some mountain
areas incdluding the’ mon1tor1ng ‘of representative groundwater basim is
being carried out to assesg the! posslb1llty of rural water supply.
However the’ problem of shortage in manpower at the Hydrogeologlcal
Section of GSD needs ‘urgent attention and an ‘adequate allocation of
finance whlch should be supported by PWD, EPU and other agencres. '

: Catchment areas of the recharging basin are purchased to reserve
- the well field of PWD. They are well fields of Belawai and Kabong. .
GSD is in charge of evaluating the recharglng catchment area on the
basis of the estimation of the sustained yield (Refs. 40 & 44). Some
' coordination -among GSD, PWD and DID was made to reserve the catchment
area 'of well field within the area of DID's perimeter drain at ‘Belawai
and Kabong. The controlled dralnage system of the perimeter drain
constructed by DID is expected to increase the potential of shallow
groundwater by replacing the environment of water quality in shallow
aquifers from the'salt/brackish te fresh, as shown in Fig 2.

Drought prone area is concentrated in. coastal areas where almost
all the rivers are subgected to the sea. water 1ntru51on. In this sense,
groundwater development for rural water supply in this area is consider—
ed to be’ theée most important alternative to solve the problems in water
sHortage. Some areas in sand dunes or natural leveés which are composed
of looseé sediments of sands and some gravels are one of the potential
well field to be developed in coastal area. 'Fresh groundwater in shallow
aquifer of sands which is directly replenished by rainfall is perched
on sea water. This type of small scale aquifer is limited in extent,
however, it is possible to exploit. them for small scale rural water
supply if careful groundwater management to monitor the change in water
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“level is'carrjed out. Occurrence of this perched water could be dis-
tinguished in some areds in sand dune or natural levee where elevation

. of the land is 5 meters or more. Aerophotographic analysis to distin-
tinguish the micro-geographical features would help the estimation of
potential well field. Safe yield of optlmum pumping, program is to be
agsessed by forecasting the change in water level which does:mnot permit
the sea water intrusion into aquifer of sands depending on: Gyben-
Hertzberg law of elevation zero. = An example of groundwater management
in sand dune area which is estimated by hydrogeological tank model
method is shown in Ref 28 :
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Table 1 PRODUCTION ‘TUBEWELLS

_S‘e'r:ve'd : Average Number
o Population . Daily Supply of .

Location (103) (103m3/y) Well Well Type Aquifer
‘Sandakan/1 48,5 16.5 21 Deep tube-  Sandstone
. well : and .shale
Labuan 14.9 5.0 31 Deep tube~ Sandstone
' ‘ ' : well and shale

Kota Belud _ 7.2 . 1.7 3 Dug well Alluvial
Kuala Penyu 1.0 0.1 2 Tubewell Sandstone
' and shale

SEmpornal? _ 1.3 - 0.4 g Dug well Alluvial

Total 71.6 23.3 - 57 - -

Remarks; /1: Groundwater extraction is 82% of the average daily
supply by PWD's water works,

/2: Estimated based on Ref. 57
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HYDROGEOLOGICAL TAND CLASSIFICATION IN SABAH

4,047

5~20

Table 2

Unit: km?

Basin Alluvial Class Rock Class
No. T CIIL v T 11 111 Total
200 - - 126 - - - 5,791 5,017
202 - - - 40 - - 1,218 1,258
203 - - - 26 - - 1,221 1,247
204 - - - 60 - - 631 691
205 - - - 70 - - 430 500
206 - - - 60 - - 424 484
207 - - - 270 - - 468 738
208 - - 110 300 - - 2,069 2,479
209 - - - 300 - 720 1,274 2,294
210 - - 440 678 - 310 3,805 5,233
211 - 45 680 1,038 5 - 15,337 16,105
212 - - - - - 227 2,082 2,309
213 - 40 200 250 - 437 5,366 6,293
214 - - 220 70 - 42 2,702 3,034
215 - - 135 175 - 110 845 1,255
216 - - 80 - - - 1,566 1,646
217 ~ 70 183 7 - 414 1,412 2,086
218 40 40 180 - - - 1,136 1,396
219 15 20 75 - - - 1,112 1,222
220 - 20 98 60 - - 41 589
221 - 20 20 8 - - 751 799
222 - 20 33 55 - - 449 557
223 - - 130 180 - 11 270 591
224 - 256 820 220 - 20 7,445 8,761
225 - - - - - 23 29 52
226 - - - 180 - - 1,086 . 1,266
Total 55 531 3,530 S 2,304 58,330 68,802



Table 3.  HYDROGEOLOGICAL LAND CLASSIFICATION TN SARAWAK

' Unit: km?

Basin “Alluvial Class Rock Class

No. T I TIT iv i 1 iTT Total
227 - . - 25. - -~ 975 1,000
228 - - - 112 - - 2,557 2,669
229 - - - 425 60 - 3,390 3,875
230 -~ = 2,500 160 . 50 - 19,570 22,280
231 - - - 585 - - 203 788
232 - - - 214 - - 711 925

233 - - - 170 - - 1,175 1,345
234 - - - 162 - - 1,240 1,402
235 - - - 160 - - 1,058 1,218
236 - - - 120 - - 5,827 5,947
237 - - = 401 - 249 4,480 5,130
238 - - - 1,233 - 10 1,255 2,498
239 - - - 1,200 - - 1,414 2,614
240 - - - 800 - - 1,185 1,985
241 - 6 4,907 - - - 44,740 49,653
242 - - 2 570 - - 981 1,575
243 - - - 1,004 - - 826 1,830
244 - - - 2,380 - 22 4,361 6,763
245 - - - 1,542 50 25 2,038 3,655
246 - 5 - 655 223 251 1,573 2,707
247 - - - 350 - - 1,308 1,658
Total - 11 '7,431 12,268 383 557 100,867 121,517
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Table 4 THICKNESS AND SPECTFIC YIELD USED:
FOR POTENTTAL ANALYSIS

- Average Thickness - Average
Aquifer Class : of Aquifer {m) Specific Yield
Alluvial I ' | 15 ._ o _ 0.7
Alluvial IT | 10 0.15
‘Alluvial III s 0.13
Alluvial IV 1 © 0.10

Rock I 15 0.08
Rock 1T - 10 - 0.0

Rock III o | 5 ' . 0.03
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Table 5

POTENTTIAL IN SABAH

ESTIMATED STORAGE

o Unit: 106m3

Basin Alluvial Class Rock Class
No. i T 11 v I 13 TIL Total
201 - - 82 - - 870 952
202 - - - 5 - - 190 195
203 - - - .5 . - 190 195
204 - - - 5 - - 100 105
205 - - - 10 - - 70 80
206 - - - 5 - - 70 75
207 - - - 30 - - 70 100
208 - - 70 30 - - 310 410
209 - - - 30 - 360 190 . 580
210 - - 286 70 6 157 . 570 1,089
211 - 67 442 105 - - 2,150 2,764
212 - - - - - 113 310 423
213 - 60 130 25 - 217 820 1,252
214 - - 144 10 - 23 410 587
215 - - 88 20 - 50 130 288
216 = - 52 - - - 240 292
217 - - 106 118 - - 207 220 651
218 102 60 116 - - - 170 448
219 39 30 50 - - - 170 289
220 -~ 30 64 5 - - 60 159
221 - 30 12 - - - 120 162
222 -~ 30 22 5 - - 70 127
223 . 8 20 - 7 40 151
224 ~ 384 534 25 - 10 1,120 - 2,073
225 - - - - - 13 10 23
226 . - - 20 - - 170 190
141 797 2,294 425 6 1,157 8,840 13,660

Total
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Table 6 ESTIMATED STORAGE POTENTIAL IN SARAWAK

Unit: }.06m3

Basin : Allu’viai Class : Rock Class o
No. I i1 I1X 1V 1 IT I11 Total
227 - - 5 - - 150 155
228 - - - 10 - - 390 400
229 - - - 45 72 - 510 627
230 - - 1,624 15 60 - 2,940 4,639
230 = - - 60 - - 30 90
232 - - - 25 - - 110 135
233 - - - 20 - - 180 200
234 - - - s - - 190 205
235 -, - - 15 - - 160 175
236 - - - 15 - - 880 895
237 - - . 40 - 123 670 833
238 - - - 125 - 7 190 322
239 - - - 120 - - 210 330
240 - - - 80 - - 180 260
261 - - 9 3,188 - - - 6,710 9,907
242 - - 16 60 - - 150 226
243 - - - 100 - - 130 230
264 - - - 240 - 13 660 913
245 - - - 155 60 13 310 538
246 - 7 - 65 268 127 240 707
247 - - - 35 - - 150 185
Total - 16 4,828 1,245 560 283 15,140 22,072
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Table 7 PRECIPITATION AND ESTIMATED DEEP
' PERCOLATION RATE

Deep Percolation Deep Percolation
' : .in Alluvial Plain in Mountain Area
Basin . Precipitation Class I to IV Class I & IT . Class III
No, (mm/y) (mm/d) : (mm/d) (mm/d)
201 2,491 1.5 1.0 0.2 -
202 2,093 1.3 0.9 0.2
203 . 2,168 1.3 0.9 0.2
204 2,071 1.2 0.9 0,2
205 2,013 1.2 0.8 0.2
206 2,080 1.3 0.9 0.2
207 2,262 1.4 0.9 0.2
208 - 2,233 1.3 0.9 0.2
209: 2,639 1.6 1.1 0.2
210 2,550 1.5 1.0 0.2
211 © 2,660 1.6 1.1 - 0.2
212 3,161 1.9 1.3 0.3
213 3,273 2.0 1.3 0.3
214 3,255 2.0 1.3 0.3
215 . 3,506 2.1 1.4 0.3
216 2,700 1.6 1.1 0.2
217 2,582 1.6 1.1 0.2
218 3,130 1.9 1.3 0.3
219. 3,023 1.8 - 1.2 0.2
220 3,126 1.9 1.3 0.3
221 3,190 1.9 1.3 0.3
222 3,106 1.9 1.3 0.3
223 3,064 1.8 1.3 0.3
224 2,109 1.3 0.9 0.2
225 -3,376 2.0 1.4. 0.3
226 2,900 1.7 1.2 0.2
227 3,762 2.3 1.5 0.3
228 2,998 1.8 1.2 0.2
229 3,884 2.3 1.5 0.3
236 3,793 2.3 1.6 0.2
231 2,976 1.8 1.2 0.2
232 2,745 1.7 1.1 0.2
233 2,681 1.6 1.1 0.2
234 2,993 . 1.8 1.2 0.3
235 3,378 2.0 1.4 0.3
236 3,918 2.4 1.6 0.3
237 . 3,912 2.4 1.6 0.3
238 . 3,830 2.3 1.6 0.3
- 239 - 3,914 2.4 1.6 - 0.3
240 3,369 2.0 1.4 0.3
241 3,990 2.4 1.6 0.3
242 3,637 2,2 1.5 0.3
243 3,547 2.1 1.5 0.3
244 3,612 2.2 1.5 0.3
245 3,716 2.2 1.5 0.3
246 4,193 2.5 1.7 0.3
247 4,793 2.9 2.0 0.4
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Table 8

ESTIMATED GROUNDWATER RECHARGE TN SABAH

.'Réck Class

Unit: - 105m3/4 -

Basip “Alluvial Class )
No.” T iT 11 v i 11 ITI Total
201 - - 0.18 - - - 1.20 1.38
202 - - - 0.05 - - 0.30 0,35
203 - - - 0.05 - - 0.30  0.35
204 - - - 0.10 - - 0.20 0.30
205 - - - 0.10 - - 0.10  0.20
206 - - -~ 0.10 - - 0.10  0.20
207 - - —  0.40 - - 0.10  0.50
208 - - 0.4 0.40 - - 040 0.9
209 - - - 0.45 - 0.87 0.30 1.62
210 - - 0.64  1.05 - 0.33 0.80  2.82
211 - 0,07 1.12  1.55 0.08 - 2.80  5.62
212 - - - - - 0.33 0.60  0.93
213, -~ 0.09  0.40 0,50 - 0.63 1.60 3,22
214 - - 0.40  0.15 -~ 0.07 0.80  1.42°
215 - -~ 0.30  0.40 - 0.13 0,30 1.13
216 - - 0.12 - - - . 0.30 0.42
217 - 0.1 0.30  0.05 - 0,50  0.30  1.26
218 0.07  0.07  0.32 - - ~ 0,40 0.8
219 0.02 0,06 0.14 - - - 0,20  0.40
220 - 0.04  0.18  0.15 - - 0.10  0.47
221 - 0.04 0,04 0.05 - - 0.30 - 0.43
222 - 0.04 0.06 0,10 - - . 0.20 0.40
223 = =024 0.35 - 0.03  0.10 0,72
224 -~ 0.33  1.04  0.30 -~ 0.03 1.50 3.20
225 - - - - - 0,03 0.10  0.13
226 = - - 0.35: ~ - 0,20 0.55
0, 5.62 2 13.6  29.82

Total 0.09

.83

6,65

S-26

.95



ESTIMATED ‘GROUNDWATER RECHARGE TN SARAWAK

0.02

27.4

§--27

Table 9
| Unit: 10%m3/d
Basin Alluvial Class Rock Class
No. T I TIT v i T IIl Total
227 - - - 0.05 - - 0.30  0.35
228 - - -~ 0.20 - - 0.50  0.70
229 - - 5.92 0.80  0.10 -~ 1.00 . 7.82
230 - - - 0.35  0.08 - 3,80  4.23
231 - - - 1.05 - -~ 0.0 1,15
232 - - - 0.40 - - 2,00 2.40
233 - - - 0.25 - - 0.30  0.55
234 - - - 0.30 - - 0.40  0.70
T35 - - - 0.35 - - 0.30  0.65
236 - - - 0.30 - - 1.80  2.10
237 - - - 1.00 - 0.40  1.40  2.80
238 - - - 2:80 - 0.03 0.40  3.23
239 - - - 3.00 - - 0.0 3.40
240 - - - 1,70 - - 0.40  2.10
241 - 0.01  11.62 - - - 13.20  24.83
22 - - 0.06 1.30 - - 0.0 1.66
243 - - - 2.00 - - 0.30  2.30
244 - - - 5.35 - 0.03 1.30  6.68
245 - - - 3.50 0.08 0.03 0.60  4.21
246 -~ 0,01 - 1.65  0.40 0,47 0.50  3.03
247 - - - 1.05 - - 0.50  1.55
Total @ - 17.60 0.66  0.96  29.8  76.44



Table 10

BASIN IN SABAH

 PRELIMINARY ESTIMATE OF SAFE YIELD BY

§-28

‘Unit: 10%m3/d

Basin Alluvial Class o Rock Class ‘
No. i TSN S S T TT iIf Total
201 - - 0.09 - _ - 012 0.21
202 - - -~ 0.01 - - 0.03 0.04
203 - - - 0.0 - - 0.03.  0.04
204 - - - 0,01 - - 0.02 . 0.03
205 - - - 0.0L - -~ 0.01  0.02
206 - - - 0.01 - - 0,01  0.02
207 - - - 0.02 - - 0.01 0.03
208 - - 0.07 0.0 - - 0.06  0.13
209 . - - 0.2 -~ 0.26  0.03 0,31
210 - - 0.32 0.04 -~ 0.10 0.08  0.54
211 -~ 0.05 0.5  0.06  0.03 -~ 0.29 - 0.99
212 - - - - - 0.100 0.06-  0.16
213 -~ 0.06  0.20 0.0 - 0.19 0.16  0.63
214" - - 0.20 - 0.01 - 0.0z . 0,08  0.31
215 - - 0.5 0.01 -~ 0.04 0,03  0.23
216 - - 0.6 - - - 0.03  0.09
217 - 0,08 0.5 0.01 - 0.5 0.03  0.42
218 0.06  0.05 0.16 N - - 0.04  0.31
219 . 0.02 .0.03  0.07 - - - 0.02 0.14
230 - 0.03  0.09 0.01 - - 0,001  0.14
221 - 0.03 0,02 - - - 0.3  0.08
222 - 0.03 0,03 . 0.01 - - 0.02 0.09
223 - - 0.2 0.0 - 0.01 0.01  0.15
224 - 0.23  0.52  0.02 - 0.0l 0.15. 0.93
225 . - - - - - 0.01 0.0 0,02
226 - - - 0.01 - - 0.02  0.03
Total ~ 0.08 0.5 2.81  0.32 0.03 0.8 1.3  6.09



Table 11 PRELIMINARY ESTIMATE OF SAFE YIELD BY
e BASIN IN SARAWAK _
| Unit: 109m3/d

Total

Basin. Alluvial Class o | Rock Class _
NQ. L IT I1I1 IV . I IT i1l Total
227 - - - 0.01 - - 0,03 0.04
228 - - - 0.01 . - 0.05 0.06

229 - - -~ 0.01  0.05 -~ 0100  0.16
230 - - 2.22  o0.01 0.04 - . 0.39 2.66
231 - . - 003 - - 0.01  0.04
232 - - - o.01 - - 0,02 0.03
233 - - - 0.01 - - 0,03 0.04
234 _ - - 0.01 . - 0.04 0.0
235 - - ~ 0,01 2 -~ 0.03 . 0.04
236 - - - 0.01 - - 018  0.19

237 - - - 0.02 - 042 0.4  0.28
238 - - - 0.07 - 001 0.0  0.12
239 - - - 0.07 - - 0.04 0.11
240 - - - 0.05 - - 0.04 0.09
241 - 0.01 . 4.37 - - - 134 5.72

242 - - 0.2 0.03 - - 0.3  0.08
243 . - - 0.06 - - 0.03  0.09
244 - - - 0.13 - . 0.01 0.13 0,27
245 - - - 0.09 0.04  0.01 . 0.06 0,20
246 - 0.01 - 0.06 - 0220  0.14 0,05 0.4
247 - - - 0,02 - -~ 005 0.7

0 2 )

- 0.02 6.1 0.70  0.33  0.29 .83 10,78
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PRELIMINARY ESTIMATE OF SAFE YIELD BY

Table 12
DISTRICT IN SABAH
| Unit: 10%m3/d
District  __ °  Alluvial Class  ° Rock Class N

- No. I II IIY v I iT IIT Total
201 . - - 0.12 - - - 0.12 0,24
202 - - - 0.04 - - 0.09  0.13
203 - -~ 0.00 0.01 - - - 0,01 " 0.03
206 - -~ 0.23 0,04 - 0.27  0.11 0.65
205 - 0.05  0.75  0.06 0.01  0.16 - 0.33 1.36
206 - - - 0.01 -~ 0.0 0.03°  0.14
207 - - - 0,01 - - 0.08  0.09
208 -~ 0.06 0.56  0.04 - 0.2k 0.17 1.07
209 - - 0.06 - - - 0.03 0.09
210 - 0.08  0.15 - - - 0.04  0.27

- 2l1 - - - ~ - 0.17 0,01 0.18
212 0.06 05 0,16 - - - 0.03  0.30
213 0.02 .03 0.06 - - - 0,03 0.14
214 - - 0.06 - - - 0.01  0.07
215 -~ 0.03  0.04 - . - 0.0  0.08
216 - 0.05 0,05 0.01 - - 0.03 0.14
217 - - 0.01 - - - 0,03 0,04
218 - 021 0.25 - - S 0.05 0.51
219 - 0,02 0.13 .01 - 0.00  0.04 0.21
1220 . ~  0.18 .03 - - -~ 0.02 0,23
221 - - - .01 - - - 0.01
222 - - - - - 0,01 -~ 0.1
223 - - - .01 - - 0,05 0.06

Total 0.08  0.58 2.82 -0.28 0,01 = 0.9 1.2 6.

$-30°
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Table 13~ PRELIMINARY ESTIMATE OF SAFE YTELD BY
‘ DISTRICT IN SARAWAK
Unit: 100m3/4
District ~ Alluvial Class : ' _ Rock Class N

No. T il TiT 1V T il iTi Total

224 - - - 000 - - - 000 0.1
225 - - - 0.02 0,07 - 0.1 0.20
226 - - 2,05 0,02 0.06 -~ 0.61 2,74
227 - - 0.7 0.07 - - 0.08  0.32
228 - - = 0.02 - 0.09 0.3  0.47
229 - - - 0.12 ~ . 0.02 . 0,09 0.23
230 - - - 005 - - - 0.04 0.09
231 - - - - - -~ 0.64 . 0.64
232 - - - - - - 0.52  .0.52
233 - - - - - -~ 0.14 0.14
234 - - 0.15 - - 0.8  0.23
235 - - 2,45 - - = 0,01 246
236 - - 1.11 - - C- -~ 1.11
237 - - . - - - 0.09  0.09
238 - 001 055 - - . g1 0.7
239 - 0.0l  0.15 - - - 0.3  0.19
240 - - - 0.03 L -~ 0.03  0.06
241 - - - . 0.04 - -~ 0,03 0.07
242. - - - 0.01 . - 0,01 0.07  0.09
243 - - - 0.17 - 0.0l 0.04  0.22
244 . _ - 0.06 - 0.01 0.01 0.08
245 - . - 0.02 0,09 0.01 005 0.17
246 - - - 0.03 0.16  0.05 0,03 0.27
247 - - - -~ 0,09 . 0,03 0.03  0.i5
248 - - - 003 - - - __0.05  0.08
Total - 0,02 6,63 0.7  0.47 0.23 3.25  11.3



Table 14

PRINCIPAL FEATURE OF ASSUMED
SOURCE FACTLITIES

GROUNDWATER

. Case :
1 2 3 4 5 6 7
Aquifer e Alluvial ———— ~~w== Rock =—weme-
.Class il T II1 1V I 11 IT1

Depth of Well (m)
Pumpiné Discharge (m3/d)
Drawdown (mj
Transmissivity (n?)
Well Type

Pump Capacity (PS)

Motor Capacity (kW)

25 25 25 15
600 300 120 30
2 3 .4 5
300 100 30 - 5
—--Shallow Tubeﬁelln__
10 2 2 0.5

7.5 2.2 1.5 0.4

50 120 50
660 . 430 70
5 10 15
150 50 5
-Deep Tubeweli—u
10 25 . 1.5

7.5 11,0 1.1

Remarks; Radius of screen pipe is assumed to be 0.1 m.

32



Table 15

11: This item 1nc1udes a stand by unit

/%2: See Ref. 57
{3:
J&:

day x 365
/5

5-33

- Electric charge (M$/y) =

Unit cost is assumed to be M$O ,05/m3

Assumed to be 10% of total cost from 1 to 7
M$0.15 x kW x 16 hours per

COST ESTIMATE OF ASSUMED GROUNDWATER
SOURCE FACTLITIES
Unit: M$103
Case
i 7 3 A 5 7
Inﬁestmént Cost
1. Well Construction 40 40 40 30 120 300 120
2, Submersible Pumbi£ 20 14 10 '8 20 20 10
3. Diesel Generator Setl> 15 8 7 15 20 7
4, BuiidingL“ 12 12 12 12 12 12 12
5. QuarterL— 10 10 10 10 .. 10 10 10
6. Land Acquisitionl> 10 10 10 10 10 10 10
7. Engineeflﬁgig 4 4 4 4 4 4 4
8. Physical ContingencyL“ ' 11 10 9: 8 19 38 17
| Total 122 108 102 89 210 414 190
“0&M Cost 7 o
1. Power Gv.e_mt_zrat:lc_jn'j'{i 6.6 1.9. 1.3 0.4 6.6 9.6 0.9
2. Chemicalsl® 1.0 5.5 2.2 0.5 12.0 7.8 1.3
3. Well Cleaning 2.0 2,0 2.0 2.0 2.0 2.0 2.0
4. Other Cost 2,0 2.0 2.0 2.0 2,0 2.0 2.0
Total 21,6 11.4 7.5 4.9 22,6 21.4 6.2
Remérks; All ‘the costs are at price level of 1980,



Tablée 16

ESTIMATED COST 'STREAM OF ASSUMED
GROUNDWATER SOURCE PACILITIES

Unit: M$103
Capital Cost 0&M Cost
- Case : Case

Year -1 2 3 4 5 6 7 1 2 3 4 5 6 7
1 122 108 102 89 210 414 190 21.6 11.4 7.5 4.9 22.6 21.4 6.2
2-7 - = = = == e 21,6 11.4 7.5 4.9 22.6 21.4 6.2
8 35 22 17 15 35 40 17 21.6 11.4 7.5 4.9 22.6 21.4 6.2
9-15 - = = = - 21,6 114 7.5 4.9 22.6 21.4 6.2
16 35 22 17 15 35 40 17 21.6 11.4 7.5 4.9 22,6 21.4 6.2
17-23 = - == e . 216 11.4 7.5 4.9 226 21.4 6.2
24 35 ©22 17 15 35 40 17 21.6 1l.4 7.5 4.9 :22.6 21.4 6.2
25 40 40 40 .30 120 300 120 21.6 11.4 7.5 4.9 22.6 21.4 6.2
26-31 - = = = . = = 216 11.6 7.5 4.9 22.6 21.4 6.2
32 35 32 17 15 35 40 17 21.6 1l.4 7.5 4.9 22,6 21.4 6,2
33-39 - - = - -« - 21,6 11.4 7.5 4,9 22.6 21.4 6.2
40 35 22 17 15 35 40 17 21.6 1l1.4 7.5 4.9 22.6 21.4 6.2
4147 - - - - - - - 21.6 11.4 7.5 4,9 22,6 21.4 6,2
48 35 22 17 15 35 40 17 21.6 11.4 7.5 4.9 22.6 21.4 6.2
49-50 - -~ - = = - - 21,6 11.6 7.5 4.9 22.6 21.4. 6.2

ESTIMATED UNIT COST OF

WATER SOURCE

Table 17
Unit: M$103
Discount Rate . Case
(%) 1 2 3 4 5 6 7
6 0.15 0.19 0.36 1,11 0.17 0.35 0.81
8 0.16  0.20 0.39  1.21  0.18  0.38  0.91
10 0.17 0.21 0.43 1.3 0.19 0.41 1.01
12 © 0.7 - 0.23 0.46 1.44  0.20  0.45  1.11
1% 0,18 0.26  0.49 1,56 0.22  0.49 1,22
16 0.19 0.26 0,52 1.65 0.23 0.53 1.32
18 0.19 0.27 © 0.55 1.75°  0.24 °  0.56 1.41
20 0.20 0.28 1.86 0.25 0.60 1

0.57

=34
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