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APPENDIX H. COST ESTIMATION

.H.l. Basic Rates and Costs

Information and data on basic costs, including lab.or and material
costs, as well as some unit construction ‘cost, have been collected  from
various sources such as MPK, DID, JKR, manufacturers, suppﬁers of
eqﬁipment and materials and contractors. All cost obtained from the
sources referred to above are expressed at 1981 p'rice level in Wlalaysia.
Using these basic cost, unit construction cost have been developed with due
consideration for the suitability of materials and eonstructi_dn methods,

including availability of local materials and ability of local contractors.

All costs _.are divided into two categories; i.e., loecal and foreign
currency, based on information obtained in Malaysia. Basic concept of the
division is that cbst of all imported goods such as machinery to be used for
sewerage facilities and/or for construction work or for factories in produc-
ing necessary producis are deemed to belong to the foreign currency por-
tion and the rest as local cufrehcy requirement. Cost for machinery is
estimated baséd on CIF pri:cé. Table 6.1 shows labor. cost. Tables 6.2 and
6.3 show por.tions'of local currency and foreign priée of basic materials and

unit cost respectively.

The rates and costs of labor, construction and basic materials ave

shown in Tables H.1 to H.3.



Table H.1. Day Labor Rates (1981)

Type of Labor Labor Cost(ﬁgidgﬁgf (8 hours)
Common Laborer 17.0
Skilled Laborer _ 24.0
Welder . ' 27.0
Mason | 27.0
| Carpenter 27.0
Mechanic 27.0
Brick Layer 28.0
C_oricrete Wo.rker 28.0
Steel Bender and Fixer 28.0
Painter ' 28.0
| Lorry Driver ' : 30.0
Eq'uipment Operator 35.0
Foreman 45.0




Table H.2. Unit Construction Costs (1981)

. Rate " (M$)
Item Description [Unit .
L.C F.C Total
Excavation Backhoe m3 0.61 1.00 1.61
» Clamshell | " 1.75 5.33 7.08
n Manual " 9.89 0 9.89
Soil Trans- Dump Truck, | ™ 1.47 2.44 3.91
portation 1 t
Backfilling Sand " 22,62 13.98 36.60
" Bxcavated Soii " 5.04 0 5.04
" Spreading & _
Compaction Bulldozer . " 0.46 0.90 1.36
of Scil
Timber Sheeting | £ = 2.0 m m 5.62 0.05 5.67
" " g = 2,5m H - 7.55 0.07 7.62
" n 2= 3.0m " 9.49 0.08 9.57
" " g = .3.5m " 11.41 0.08 11.49
Steel Sheet SP 1T " .59561 113.00 172.01
Piling Woxrk g = 5.0m '
" 0 mooow " 69.15 | 131.07 200.22
" " 2= 6.0m
" " W " 77.87 | 147.64 225.51
" " g = 7.0m
" " noom m 86.62 | 164.22 250.84
" n 2= 8.0m
1 11 11 n " 96. 95 183. 81 280_76
" " 2 = 9.0m :
" " Sp ITI I 175.00 300.00 475,00 :
] " g = 15.0m ’
Attaching & _
- betaching of t 141.63 114.92 256.55
Steel Work




‘Table H.2., (Cont.

)

Rate (M3}
Item Description Unit

: L.C. F.C. Total

Steel Bars ) i3 mm and below “. [1,716.44 19.37 |1,735.8L
" L $ 16 mm and above w1,633.79 19.37 1,653}16
Concrete 1:11/2 D3 m® 227.97 15.54 243.51
" 1:2: 4 " 217.57 . 15.54 233.11

" 1:3:686 " 203.27 15.54 218.81
Timber Foxrming m’ 14.23 0.05 14,28
Bedding Sand m® 22,62 13.98 36.60
" ersher-;un' u 65.46 13;Q8 81.54
Restoring Asphalt Pavihg m2_ 37.41 10.71 48.12
Masonry Granite 30 cm | " 35.47 2.61 38.08
Pile Driving 18" x 18", 30m|' No 85,06 | 139.49 224,58
Dewatering 5.5 kW, 6100 mm| day 26.07 32.47 58.54

(Note) L.C.: -

F.CL:

Local Currency,
Foreign Currency



Table H.3. Unit Material Cost (1981)

price (M$)

H-5

Item Description | Unit
L.C. F.C. Total
Cement t 188.21 7.97 196.18
 sand nd 6.22 178 | _11;00
.Laterite " 3.00 0 3.00
Aggregate 9-13 mm " 30.22 4.78 35.00
n 25-38 mm " 26,22 4.78 31.00
Crusher-run | u 20.22 | 4.78 25,00
Diesel 0il litxe 0.46 0 0.46
Light 0il " 10,50 0 0.50
Timber Grade A nd | 206.61 3.39 210.00
" " B " | 256.61 3.39 260.00
H-shape Beam t 104.00 996. 00 1,100.00
shéet Pile " 99:63 _934.80 1,034.43
V.C. Pipe ¢ 225 mm n 42.52 0.88 __43.40
" ™ $ 300 ™ " 108.37 1.05 109.42
- Concrete Pipe| ¢ 375 * " 89.85 0.96 90. 81~
. " $ 450 " L 114,00 1.38 115.38
" " ¢ 525 " 129.09 2.31 131.40
" " $ 600 " L 146,43 2,88 149,31
n e .¢ 675 n 217,49 3.46 220.95_
" " ¢ 750 " " .239.76 4,94 244.70
" " ¢ 900 " " 366.78 6.92 313.70
v " $1,050 * " 393,28 8.65 401.93
" " $1,200 v " 448, 46 11.54 460,00
{Note) L.C.: Local Currency,
.C. Foreign Currency



'H.2. Construction Cost

1) Sewer Cons't"rﬁction Cost

a) Construction Cost of Sewer Pipe

To develop the cost function for sewers, construetion cost of
‘gsewer pipes of 225 mm, 300 mm, 600 mm and 900 mm diameter are calculat-
ed, considering four depths to invert, 2m, 4 m, 6 m and 8 m. It is
assumed that pipes of 225 mm and 300 mm diameter are clay, and pipes of
600 mm and 900 mm diameter are of centrifugally reinforced-concrete (Hume
pipes). Sand foundations will be used for laying the sewers of 225 mm and
300 mm diameter, and plain concrete foundations for laying sewers of 600
mm and 900 mm diameter. The construction cost of 16 cases are estimated,
based on these conditions, which are summarized in the foilowing Table
H.4.



Table H.4, Specifications for 16 Cases

Case ¥n51de Depth to Foundation Material
Diameter Invert
{xam) {m)
1 225 2 Sand Clay
2 225 4 sand Clay
3 225 6 ' sand Clay .
4 225 8 Sand Clay
5 300 2 sand Clay
G 300 4 _ sand Clay
7 300 6 Sand Clay
8 300 8 Sand - Clay
9 : 600 2 Concrete Type IT Hume Pipe
(90°)
10 600 - 4 Concrete Type Il Hume Pipe
{180°) '
11 600 6 Con?rete ' Type II Hume Pipe
' {180°)
12 600 g Concrete Type IX Huﬁe'Pipe
{180°) :
13 S00 . -2 Concrete . Type 1II Hume Pipe
(90°) :
14 900 4 Concrete Type 11 Hume Pipe
' (180°)
15 900 6 : Concrete = - Type II Hume Pipe-
' - (180°)
16 900 7 8 Concrete Type 1II Hume Pipe
' (180°)




Cost estimations of the 16 cases are presented in Table II.5.
Rased on these results, four kinds of cost functions are developed as

follows:
Cost function for sewers:

Case A h<3m,D<<0.3m

Cpi = (6.58h + 13.2) exp {(-0.533h + 8.80).D }
Case B h23m,D=<0.3m :

Cpi = (233h - 383) exp {(-0.0935h + 2.03).D}
Case C h<3m Dz0.37m

Cpi (1.48h + 111) exp {(0.035h + 1.87).D}
Case D h ;3 m, Dz 0.370 m

Cpi = (248h - 366) exp { (-0.0165h + 0.812).D }

i

where : _
Cpi: Construction Cost (M$/m) -
h : Depth to Invert.(m)

D : Sewer Diameter (m)

Table H.5. Results of Estimation

(MS$ /ni)

~Diameter (m) " '
' 0.2251 0.300 } 0.600 | 0.900

Depth
to Invert . (m}
150 268 | 365 | 653
4.0 797 902 979'| 1,225
6.0 1,413 | 1,577 | 1,721 | 2,131

1,976 | 2,176 2,433 | 2,984




b) Cdnstruction Cost for House Connections

To estimate -the total cost of house connections, figures for the
number of house connections are taken from the area of land in use w1thm
the sub-zones. Construction costs are estimated from multiplying unit cost

by the number of house connections. These costs are shown in Table H.6.

¢) Construction Cost of Branch and .Lateral Sewers

Three residential areas, two of medium density, and of hlgh
den51ty, and one commercial area have been selected for the prehmmary
eng’meer;ng design of branch and lateral sewers. Estimated costs are. based

on sewer lengths and dimensions obtained from the preliminary design,

The prehmmary eng*meerlng design mentioned is shown in Fig.
H 1 to Fig. H.3. Branch and lateral sewer con‘;tructlon cost .in the other
land use areas are estimated on the basis of road length ratios. Road

length in each land use area is as follows:

.Land Use Category " Road Length
Commercial 250 m/ha
” Res_idential _
High density ' 180 m/ha
Medium density . 150 m/ha
Low density 120 m/ha
Industrial and Port 50 m/ha

.Insti'tutional . o 120 m/ha

Total sewer co’nSt'ruction cost by zone is shown in Table H.6 and

. branch and lateral sewer construction cost are shown in Table H.7..



Table H.6. Total Sewer Costs

(Unit: M$1,000)

Sewerage Division : House
: Trunk Sewer . Branch Sewer Total
. . Comection®*
District zZone .
: 11,013 x 500M$
_ , 5,590
_ 1 9,913 5 506 20,171 35,59
Kelang :
North
: : 9,389 x 500M$
20,336 ! 17,090 42,120
2 ! = 4,694 ! :
1 19,007 6,210 x 500M% 10,712 32,824
= 3,105
Kelang
South - Lol
11,520 x 500M$ ' :
21,440 ! . 20,468 47,668
2 1. = 5,760 _ !
3,596 x S00M$
1 12,207 - 1.798 9,679 | 23,675
§Z§:ng 2 | | 19,449
- 11,384 x S500M%
2
28,102 - 5692 » 55,13
3 - 1,889
1 2,602 _l'gii x 500M3 2,697 5,813
North : : -
Port ) .
: 681 x 500M$ )
2 | 1,191 _ 340 ) 2,473 | 4,004
' . 4,140 x 500M$ : :
Képar 9,552 _ 5;070 5,844 17,466
‘ 2,587 x 500M% : :
M e 14,526
eru 8,553 - 1,793 4,680
Total 1 132,903 30,772 115,143 278,818

* Phe unit cost of house connections is estimated at 500 M$/no.
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2) Intermediate Pumping Station Cost

The estimated cost of pumping station construction is based on
two factors. Civil and structural work cost is calculated from the estimated
volume of major materials and unit cds_ts, while the cost for mechanical and
electrical works is based on the submitted  estimates of two corporations for
each pumping station. Total intermediate pumping st.ation construé‘ticn cost
is shown in Table H.8,

3) Treatment Plan_t Cost

Cost estimation of treatment plants is similar to that of pumping

stations. Total treatment plant construction cost is shown in Table H.9.

4) ‘Total Construction Cost

Total construction cost for the sewerage facilities is simmarized in
Table H.10. |

H-—-l9



Table H.8. Total Intermediate Pumping Station Cost

(Unit: M$1,000)
Sewerage Division Civil Works .
. . Mechanical
Concrete "Piling Architectural ~and
! - ; : X Tatal
Sub- - - -HWorks Electrical
District|Zone Volt Unit Unit 2 9 Works
ione | Volume Cost | Cost| Set| Cost |Cost (m® x M$/m%)
m®) |mg/m’y {M3/aet:) - '
192 x 1,250 No. 1
1 144 2,000 | 288} 6 | 1,850 11 = 240 780 1,319
1
190 x 1,250 No. 2
2 144 2,000 | 288 6| 1,850 | 11 - 237 750 1,286
¥elang
North
140 x 1,250 No. 3
140 2,0 280 a50 d .
1 ,000] 28 6 | 1, i1 = 178 310 178
2 .
: 110 % 1,250 No. 4
2 - r
3 140 2,0001 280 | & | 1,850 | 11 = 137 290 g
- 150 x 1,250 MNo. 5
140 , 280 !
1 2 2,000 6 |1,850 | 11 - 181 410 588
‘Kelang
South
.- 240 ¥ 1,250 No. &
300 2,000 | 60 0 | 4 -
2 1 N 0|1 1,850 1 - 300 850 1,768
; 180 x 1,250 No. 7
2,0 2 . :
1 144 ;000 288 | 6 | 1,850 | 11 = s 410 934
port | . : : 250 x 1,250 to. 8
i - 350 2,000 | 700 j10_ |*},85 18
Kelang 2.3 1 . 0 = 312 _ 1,030 2,060
' 140 x 1,250 No. ©
140G 2,000} 280 .6 L850 ! 11 ! a :
z . * = 175 10 876
oo _ 100 x 1,250 ' No. 10
120 . 2 ' C
1 2,000 | 240 °F 4 | 1,850 7 - a5 170 545
Kapar
120 | 2,000 240 | 4 |1,850 | 7 | 190 xiégw 210 No. 11
582
) 100 x 1,250 No. 12
: , 240
Meru 120 2,000} 240 | 4 |1,850 7 - 125 210 -
Total 4,004 134 2,363 5,830 12,331
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Table 11,9, Total Treatment Plant Cost
(Unit: M$1,000)
Sewerage Division Civil Architectural -Mechanl?al
Works works & Electrical Total
District Zone Works :

_ 1 10,694 552 3,680 | N1 14,930
Kelang ' '
North No. 2 _

2 8,310 550 3,600 '€ 12,460
1 8,000 550 3,480 | ¥°-2 12,030
Kelang
South
No.4
2 8,000 550 3,480 12,030
NO.S
1 5,300 500 2,750 8,550
Port 2
Kelang _ _ . _ No.6
8,310 550 3,600 © 12,460
3
) No.7-a
1 1,833 320 1,400 3,553
North ' : '
Port No.7-b
2 2,331 350 1,500 4,181
Kapar 3,680 400 1,320 |8 5, 400
Meru 4,200 400 1,400 | ¥9% 6,000
Total 60,658 4,722 26,214 991,594

Note: Treatment plants for North Port, Kapar and Meru are

stabilization pond process.

plants are aerated lagoon process.

H-21
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Table H.10.

Total Construction Cost

M$1,000)

(Unit:
Sewerage Division . '
L Pumping Treatment
} ' Sewer Station Plant Total
District Zone :
No.
(Sub-1) 1,319 ©-1
1 35,590 14,930 53,125
Kelang (Subf2) 1,286 _
No.2
North _ (sub-3) 718 ©
2 42,120 12, 460 56,074
(sub-2) 776
_ No.3 .
1 32,824 (sub-2) 888 12,030 A5,742
_Kelang
-South No.4
2 47,668 {Sub-1)} 1,768 12,030 61,466
No.5 .
1 23,675 w 8,550 32,225
(Sub-1) 934 | No.6
EZ;;ng_ 2 55,132 | (Sub-1) 2,060
(Sub-2) 876 12,460 71,462
3 -
No.7-a
1 5,813 - e
Hrth i | 3,553 .9,366
Port No.7-b .
2 4,004 - 4,181 - 8,185
No.8
Kapar 17,466 | — 5,400 23,990
: . NG.9 R .
Meru 14,526 6,000 21,108
Total 278,818 12,33% 91,594 382,743
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H,3. Operation and Maintenance Cost

Operation and maintenance cost includes labor, power, fuel,_

materials and repair.

- The procedures adopted for the estimation of these costs are

described below.

1) Sewers

In order to estimate operation and meaintenance costs for sewers,

the following assumptions have been made.

a)

b)

c)

d)

e)

)

g)

h)

i)

Pipe cleaning will be carried out every four years.
The daily cleaning length will be 200 m.
The life expectancy of cleaning equipment is ten yeafs.

The'cleaning of :sewers shall be carried out by a six-member

team.

The maintenance cost of cleaning equip_ment: is estimated at &

percent of the purchase price for every vear,

The repair cost of sewer pipes is estimated at 0.5 percent of

construction costs for each year.
Working days are assumed to be 250 a year,
Day labor rate for general labor is to be M$15 a day.

The purchase price of equipment will be M$112,000 per set.

Under the above conditions, the annual operation and maintenance

costs are estimated as follows:

H-23



Total length of sewer pipes, including trunk and branch sewers,

~ig 1,142,830 m.

i)

i)

i)

iv)

V)

Number of Teams

1,142,830 m

—7 yoar 285,708 m/year

285,708 m/year
200 mi/day x 250 days/year

No. of Teams =

6 teams

Rln

Labor Expendifure

(6 persons x 6 teams) x 2560 days/year X M$15
= 135,000 M$/year

Depreciation Cost

M$112,000 o ovo - 67,200 M$/year |

10 year

Maintenance Coét '

M$112,000 x 0.05 x 6 sets = 33,600 M$/year

Repair Cost

M$278,818 x 0.005 = 1,394,09/M§$/year

‘Total per year = M$1,629,890 (or M$1,630,000 in a round sum)

Thus, total annual costs of operation and maintenance for sewer

pipes are M$1,630,000 per yeer, as shown in Table H.11.

H~24



Table H.11. Annual Cost of Operation and Maintenance

for Sewer Pipes

Sewerage Division

Annual'Cpst (M$1, 000)

Area (ha) Unit Total
. . (m/ha) | Length (m) | Trunk | Branch
: tal
District Zone } Sewer sewer Tota
1 927 250 231,750 18 312 330
Kelang
North .
2 1,277 200 255,400 22 342 364
1 659 150 98,850 24 116 140
Kelang
South _
2 827 150 124,050 29 147 176
1 635 120 76, 200 21 87 108
Port
Kelang - - . _
2,3 1,109 180 199,620 26 258 284
North 1 69 120 8,280 2 9 1
Port 2 45 120 5,400 2 5 7
Kapar 621 120 74,520 133 95 106
Meru 573 120 68, 760 8 96 104
Total © 6,742 - 1,142,830 163 1,630

1,467
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2) Pumping Stations and Treatment Plants

Operation and maintenance cost for pumping stations and freat-
ment plants are estimated by summing up the required labor cost, electri-

city rates and repair cost.

Required labor for operation and maintenance of treatment plants
according to the process a'dop:ted and plant capacities is estimated by a
function developed by the Study Team, which is shown in Fig. H.4.
Operation and mamtenance for pumping stations should be carried out by
laborers in the treatment plants in the same sewerage zone because of the
small capacity of pumps and proximity to the treatment plant. Therefore,

labor cost for pumping stations is not considered.

Elcctricity consumptlon is calculated based on capacities of motors
provided for equipment, such as pumps and aerators as well as runmng
time calculated by daily average flow. A prevalhng electrmlty rate’ by thc'
National Eleetricity Board (NEB); i.e., Tariff E for high- voltage industrial
consumer, is used for cost esﬁmateion. ‘Electricity rate consists of two
parts; nameiy, initial rate of M$12 for each kilowatt of ‘maximum demand per

month and consumption rate of M$0.17/KWH.

Annual cost for repalr of civil works and buﬂdmg’s is assumed to
be 0.25 percent of the constructlon cost and that of mechanical and electri-

cal equipment is assumed to be 2 percent.
Operation and maintenance cos't:' for pumping statioﬁs and treat-

ment plants are' presented in Tables H.12 and H.13, respectively. - Total

operation and maintenance cost by zones is summarized in Table H.14.
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Table H.12. Operation and Maintenance Cost for Pumping Stations

No. Maximum  Power - Electricity Repair " Total
Demand Consumption - Rate
Qo) Gatjmont) Qi /year) (M$/year)  (M§/year)
1 150 . 30,300 83,400 6,000 89,400
2 150 . 27,306 77,200 6,200 83,200
3 60 9,300 27,600 3,800 31,400
4 120 18,300 54,600- 3,500 | ‘58,100
5 o 24,300 69,700 4,400 74,100
6 160 33,300 90,900 8,800 99,700
7 120 18,300 54,600 4,600 . 59,200
s .120 18,300 54,600 9,800 64,400
9 360 51,300 147,800 4,300 152,100
10 50 .7,650 - 22,800 2,600 25,400
11 50 7,650 22,800 2,600 25,400
12 50 7,650 22,800 2,600 '725,400
Total | _' | . -725,800 | H'59;2do. © 788,000
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Fig. H.4. Typical Plant Manpower Requirement
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Source: Water Pollution Control Federation
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Table H.14. Total Operation and Maintenance Cost

(Unit: M$1,000/year)

Sewerage Sewer . :
Division Pumplng Treatment Total
Station Plant
District Zone Trunk Branch:
No. .1
°-1 (gub-1) 89 |N°
1 18 312 Yo 2' 771 1,273
Kelang : ' (Sub-?) 83
North No.3 (Sub¥3) 31 No. 2
2 22 342 No A 770 1,223
©:% (sup-2) 58
"No.5 No. 3
) 1 24 116 {sub-2) 74 751 965
Kelang :
South No.6 No.4
2 29 147 (5ub-2) 100 751 1,027
No.5
1 21 87 ) 625 733
' No.7 (Sub-1) 59 | No.6
Port
or 2 No.8 (Sub-2) 64
Kelang : No.9 (Sub-1) 152
26 258 0: : 770 1,329
3 -
No.7-a ) )
.North 1 2 9 - 200 211
port . No.7-b |
2 2 5 - 208 215
| No.lQ 25 No.8
Kapar 11 95 No. 11 . 82 238
25
No.12 No.2
Meru 8 96 25 92 221
- 163 | 1,467 _
Total - 785 5,020 7,435
E 1,630
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H.4, Land Acquisition Costs

1) Land Purchase Study

_ Land price of possible pumping station sites and treatment plants
are based on information obtained from the Evaluation sections of the state _

and local government.

Possible site locations are shown in Fig. H.5, and the land price

of possible sites are shown in Table H.15,

2) Total Land Acquisition Costs

Total land acquisition costs are estimated for all pumping stations -

and treatment plants. Figui-es are summarized in Table H.16.
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Table H.15 Land Price of Possible Sites

Items ' reasibl Land Price
District| Zone Aﬁea(ha? Remarks
No. SO mssEe?) | (us/m®)
T-1 | Meru - 11.0 1,00 10.8 .
T-2 | Kapar - i3.7 1.20 ° 12.9
T-3 | Kelang 2 16.6 2.20 23,7
North 2,50 26 .8
T-4 | Kelang | 2 14.9 2.20 . 23.7
» South 2,50 26,9
= .
o
™ | T-5| Kelang 1 12.7 2.50 26.9
L North )
G
Ed rs Kelang 1 11.4 2.50 26.9
8 South "2.80 A30.1
-
H . . §
T-7 North 1 3.0 2.1 - 22.0 Feasible if PENS
Port 2 3.0 .37 vd(.0 | plan is amendable
T-8 Port 1 12.4 1.20 12.9
Kelang
T-9 Port 2 15.9 . 2.00 21.5
Kelang
P-1 Kelang 2 - 4.00 43.1
North : )
P~2 | Kelang 2 - 4.00 43.1
North 3,00 86,1
8 | P3| kelang | 1 - a.00 43.1
z North ng3.00 CnB86.1
+
ol p-a| Kelang' | 2 - 4.00 43.1
5 - South © 5,00 wh3.8
o .
§ P-5 | Kelang | 2 - 4.00 | 43.1
South 5,00 n53.8
P-6 Port 2 - - 4.00 43.1
Kelang : ) 5,00 n53.8.
P-7 Port 2 - 3.00 32.3
Kelang 3. 50 37T

Source: Information received from a Chartered Surveyor of the
State Evaluation Section and Municipality Valuation
Section. '
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Table H.16.

Total Land Co'st_s

(Unit: M$1,000)
Sewerage Division . :
Pump ing Treatment i
Sewer Station Plant rotal
Pistrict Zone *
14 No. 1
1 - 3,416 3,444
Kélanq 14
North 9 No. 2
2 - 4,465 4,485
11
No.3
1 - 10 3,431 3,441
Kelang
South : No.4
2 - 22 4,008 4,030
No.5 '
1 - - 1,599 1,599
Port . 12 No.6
2 - 9.
Kelang 18
3,418 . 3,457
3 - -
No.7-a
o 1 - - 800 800
North .
Port ) No.7-b .
2 - - 800 800
"3 No.8
Kapar - 1,767 1,773
- 3 _ .
No.9
Meru - 3 1,188 1,191
Total - 128 24,892 25,020

H-36



H.5, Costs by Sub=~Zone

_ Estimates for sewerage construction costs by sub-zone are based
ot the methods previously described. The cost of treatment plant con-
struction will be shared by each sub-zone on the basis of wastewater flow

rate,

Maintenance cost estimates are based on _the assumption that

facilities are fully constructed and operative at the planned flow rate, -

Details of cost estimation are shown in Tables H.17 to H.22.
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Table H.17.

Total Costs of Trunk Sewers

for Each Sub-Zone

(Unit: M$1,000)

. Sewerage Division : ' -
: Trugk_r‘{szewer Total Costs
District | Zone | Sub-zone 0SS
1 6,646
1 9,913
2 3,267
Kelang g
Noxih: 1 6,60
2 2 6,778 20,336
3 6,950
1 8,231
1 19,007
Kelang 2 10,776
South 1 9,456 o |
2 _ 21,440
-2 11,984 :
1 9,981
1 : 12,207
2 2,226
ot 1 21,150
' Kelar
eLang 2 2 3,275
28,102
3 2,045
3 - 1,632
North 1 - 2,602
Port 3,793
2 - 1,191
Kapar - 9,552 9,552
Mexru - 8,553 8,553
Total 132,903 132,903
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Table H.21, Total Sewer Operation and Maintenance

Cost for Each Sub-Zone

(Unit: MS$1,000 year}

Sewerage Division Sewer
\ . : Sub~—
District Zone zone Trunk Branch
1 1 6 117 :
18 312
1 2 12 195
Kelang North 2 1 8 114
2 2 ) 22 114 342
2 3 7 114
1 1 "12 54
24 116
1 2 12 62
‘Kelang South
2 1 11 56
29 147
2 2 i8 91
1 1 13 56
21 87
1 2 8 31
2 1 10 103
Port Kelang —
: 2 2 5 A3
26 258
2 3 133 57
3 - 5 55
i - - 2 - 9
North Port -
2 - - 2 - - 5
Kapaxr - - - 11 - 95
Meru I - - - 8 - H796
163 1,467
Total :
1,630
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Table 11.22, Total Operation and Maintenance Costs

Operation &

217,670

Sewerage Division |baily Ave.- Construction
~Teupo] Flow Rate | Ratio Cost Maintenance Cost
District| Zone| = (m®/day) (M$1,000) (M$1,000/year)
Kelang | 1 | 1 | 16,023 1 0.479 12,070 369
North | 1 2 17,455 | 0.521 2,860 - 402
Sub~Total | 33,478 14,930 771
Kelang | 2 [ X 17,492 -} 0.473 9,345 - 364
North 2| 21 11,896 | 0.322 1,557 248
' 2 |3 7,597 | 0.205 1,558 158
Sub-Potal | 36,985 ' - 12,460 770 -
Kelang 1| 19,441 | 0.670 2,406 503
South 1| 2 9,578 | 0.330. 9,624 248
Sub~Total | 29,019 12,030 751
Kelang | 2 | 1 | 8,419 | 0.287 2,406 216
South 2 | 2 20,881 | 0.713 9,624 535
Sub-Total | 29,300 12,030 751
Port - 1 {1 17,059 0:668" 6,840 418
Kelang | 1 | 2 8,477 | 0,332 1,710 207
Sub-Total| 25,536 8,550 625
cport | 2 | 1 | 15,943 | 0.450 9,345 347
Kelang | 2 | 2 6,677 | 0.189 1,115 146
23 8,022 | 0.227 1,000 148
3 | - 4,772 | 0.134 1,000 129
Sub-Total | 35,414 12,460 7707
Noxth - 4,848 - 3,553 200
- Port :
2 - 5,431 - 4,181 208
Kapar | - - 7,183 - 5,400 ‘82
Meru - - 10,476 - 6,000 92
Total - 91,594 5,020
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H.6. Construction Cost for Non-Phased Areas

Construction costs for_non—phased areas; namely, North Port

District 'and-.“remaining zones, are shown in Tables H.23 and H.24.

Table H.23. Sumfhary_of sewerage Construction Cost for
Non-Phased Program (North Port}

(Unit: M$1,000 at 1981 Price Level)

eseripeion | Sovormment | rrit | v | wesanne
a. Trunk Sewer o - 3,793 3,793
b. Branch and - 5,170 5,170
Lateral Sewer . . i
c. House 7Con'n'e'cti'on : - . 854 - 854
a. Pu'mping. Station - . | ' '-  _ - R
.gﬂ-?reat@ént plant - 7,734 7,734,
£. Sub-Total _ - 17,551 17,551
g. Engin'eér:ing GOS£ _ |
Design | - 1,755 1,755 | (£) x 0.10
supervision - g77 | 877 | &) x 0.05
h. Continjgen'cy' _ B . 4,036 1 a4 036 -(f+g) x0.20
i. Land AcquiSitioﬁ - '_ - 1,600 | 1,600
Potal _ - - 25,819 25,519

REY



Table H.24, Summary of Sewerage Construction Costs for

Non-Phased Program (Remaining Sub-Zones)

(Unit: M$1,000 at 1981 Price Level)

pescripeion | et | erivete | oy | nemns.
a. Trunk'séwer , 137,736 - 37,736
b. Branch and. 2,756 25,619 28,375
Lateral Sewer
c. House Connéction - - 8,281 _8,281'
d. Pumping Statiqn' 2,424 _ - 2,424
e, Treaé&ent Plast .18,225 | - 18,2é5
£. Sub-Total -52,856 53,900 88,760
g. Engineering Cost _
Design 5,286 3,390 8,676 | (£) x 0.10 .
Superﬁision 2,643 1,695 4,338 (fj'x 0.05
. Continéeﬁcy | 12,157 7,797 _';5;954 (£+g) % 0.20
i. Land_Acéuisi£ion ‘2,§73, - 2,973
rotél,.r 75,919 ” 46,7§2 1#2,70ia
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H.7. Construction Cost for Phasc I
1) Sewers

Construction cost for all sewers,i includihg truhk, branch and
lateral, is estimated based on the engineering 'désigﬁ from which necessary
parameters for cost function, described in the previous section H.2, ‘are
obtained. Table H.25 shows construction cost for each trunk sewer and
Table .26 summarizes those for branch and lateral sewers by sewerage

unit.

2) Kg. Kuantan Pumping Station

Main components of the pumplng station mclude underground
pump well, office and sub-station building, three units of submersible
pumps, same ‘number of electric motors and control dev1ces Construction

cost for each component is ‘tabulated in Table H.27.

3) Connaught Wastewater ‘Treatment Plant

_ Since s'tab.iliv'ati(.)n pdnd process is adopted for the Phése I
Connaught ‘Wastewater Treatment Plant construc’non, the plant consists of
such facilities as pumping station, inlet tank, chstmbutmn ‘tank, stabilization
and - maturation ponds and an office and laboratory. Retalmng‘ wall of
reinforced concrete is also requlred to protect the plant area from erosion
by Kelang River water. <Construction cost for these facilities are “further
divided into those of components as described in the former section. Table

H.28 presents construction cost by facilities and components.
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- Table 1,25, Trunk. Sewer Construction Cost

" Ne. of Dliameter |- Length Av. Depth [Unit Const. Const, Remark
Sewers . : : to Invert Cost Cost
(mm) (m) (m) (M$/m) (M$)

8 450 1,113 3.57 2887 321,323 | M=16 CP

600 64 4.85 1,551.8 99,315 | M= 1 cp

10 600 166 5.15 1,660.3 275,610 | M= 2 CP

1 375 . 300 3.01 2441 73,230 | M= 3 CP

2 450 112 3.19 185.5 31,976 | M= 2 CP

3 450 476 3.54 | 288.4 137,278 | M= 5 cp

4 525 234 4.18 343.0 80,262 | M= 3 cp

5 600 174 4.19 4009 69,757 | M= 2 CP

6 600 90 4.99 1,601.1 "} 144,099 | M= 2 CP

7 600 9% 5.21 1,685.1 | 158,399 | M= 1 CP

11 750 170 5.37 2,002.6 340,442 | M= 2 CP

12 750 60 5.33 '1,988.6 | 119,316 | M=1 cP

13 750 216 5.49. 2,050, 2 442,843 | M= 3 cp

14 750 121 5.82 2,181.6 | 263,974 | M= 2 CP

15 900 30 6.36 2,722.2 81,666 | M= 1 CP

16 450 360 3.98 292.1 105,156 | M= 4 cP

17 450 144 4.66 1,274.4 | - 183,514 | M= 3 cP

18 450 90 5.27 1,478.4 | 133,056 | M= 1 cp
19. 450 180 5.53 11,5647 281,646 | M= 2 CP .

20 450 86 5.90 1,687.6 145,134 | M= 2 cp

21 450 42 6.12 1,757.2 | 73,802 | m= 2 cp

22 600 950 1.20 1350.0 332,500 | M= 7 FM

23 900 . 358 2.70 702.2 251,388 | M= 5 Cp

24 900 630 5.06 2,161.8 | 1,361,934 | M= 8 cP

25 1,200 190 6.59 3,627.1 689,149 | M= 2 cp

26 1,200 | 210 16.90 3,776.5 793,065 | M= 2 cp

Total 6,660 6,989,834 |

Note: M; number of manhbles, CP; comcrete pipe, FM; force main
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Table 11.26. Branch and Lateral Sewer Construc_tion Cost

Diameter

Cost

~ Unit Depth to Total .Unit Cost
(mm) Tnvert Length (m) (M$/m) ((M$)
Unit-1 225 less than 3m 8,885 147 1,309,372
300 1ess-tﬁ;n 3m 514 272 139,572
300 3m and more 56 640 - 35,846
375 less than 3m 286 241 68,933
375 3 and more 24 247 5,918
Sub-total 9,765 160 1,559,641
Unit-2 225 less than 3m 9,082 151 1,371,287
| 225 | 3m and more 406 676 274,465
300 1¢§s than 3m 70 549 38,436
300 3m and more 294 662 194,491
375 3m and more 434 245 _ 106,323
450 3m and more. 414 813 336,434
Sub-total| 10,700 27 | 2,321,436
Unit—3 225 less than 3m 10,959 154 1,689,853
| 225 3m and more 264 548 144,694
300 less than 3m 821 299 245;?26
300 3n and more 177 630 111,433
375 3m and more :26 246 6,386
Sub-total 12,247 179 2,198,092
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Table H.26.  (cont,)

Unit | Diameter Depth to Total Unit Cost Cost
(mm} Invert Length {m) {MS/m) (M$)

Unit—4 225 less than 3m 7,018 160 1,122,187

225 3m and more 1,602 1,011 1,619,386

300 less than 3m i70 262 44,573

300 3m and more 412 1,020 420,065

375 3m and more 264 1,645 434,181

Sub-total 9,466 - 385 13,640,392

Unit=5 225 less than 3m 14,351 147 2,115,340

300 less than 3m 220 376 82,670

375  |3m and more 236 245 . 57,886

Sub~total 14,807 152 2,255,896

Total 56,985 210 11,975,457
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Table 11.27. Detail of Kg. Kuantan Pumping Station .

Construction Cost

Construction Cost

H=50

Work Description
L.C. F.C.  Total
Sheet Piling SPTII, h =15 m, 1 =36 m 7,787 | 25,026 32,813
including redemption and
maintenance cost
Earth Work excavation, back-filling, 2,270 1,976 4,246
excess soil disposal
Foﬁndation crusher-run, concrete 11,595 929 12,524
Underground reinforced concrete, 64,837 '3,506 68,343
Structure forming g ' '
Dewatering submersible pump, 200 days 5,214 6,494 11,708
Architectural | total floor space 180 m2 216,000 | 24,000 240,000
Migcellaneous guide rail, metal, 41,000 23,000 64,000
plumbing
Inlet Pipe 50,000 10,000, 60,000
Outlet Tank reinforced concrete I0,000 10,000 20,000
Mechanical submersible pump, including| 51,290 | 352,000 403,290
installation '
-:Electrical including installation 47,250 330,250 377,500 -
Fence and Road 21,000 4,000 25,000
Total 528,243 | 791,181 | 1,319,424
Note:  L.C.,, Local currency, F.C., Foreign currency



Table 11,28. Detail of Connaught’\*last-ewater Treatment

Plant Construction Cost

Unit @ M$

Construction Cost

Facility Work Description
L.C F.C Total
Pumping Sheet Piling 8P III, h =12 m, 1 =66 m 25,792 80,514 106,306
Station including redenption and :
maintenance cost
Earthwork - ) excavation, back-filling, 15,230 10,625 25,855
excess soil disposal
Foundation crusher-run, concrete 7;192 494 7;686
" Concrete Pile 18" x 18', 1 =24 m x 22 75,351 3,068 78,419
Undergrbund reinforced concrete, 328,547 17,258 345,805
‘Structure forming, "steel bar
" Dewatering . submersible pump, 300 days - 7,821 9,741 17,562
Architectural total floor space 180 wl 240,000 0 240,000
Miscellanéous guide rail, metal, plﬁmb~ 81,067 72,300 160,367
' " | ing, ete. B
Inlet Pipe 70,000 30,000 100,000
Qutlet Tank reinforced concréte 10,000 20,000 30,000
Mechanical submersibie puicp including 65,000_' 447,000 512,000
installation :
Flectrical including installation 122,000 | 919,000 1,041,000
Sub-total 1,048,000 1,617,000 2,665,000
Inlet Tank | Earthwork excavation, back-filling,” 293 486 779
excess soll disposal
Structure reinforced concréte, 90,716 . 5,268 95,984
: forming, steel bar :
" Concrete Pipe. | #350 mm, class Z, 21,168 ‘528 21,696
' _ including .installation, ST . :
1 =270 m
Cast Tron Pipe | 4350 mm, including '50,522 | 211,700 | 262,222
S "| installatiom, 1 =1,620 = - :
Gate " $350 mm, F.C. x 45 0 225,000 295,000
Sub-total 162,699 | - 442,982 605,681

Plrshurioil Ao

Note: L.C. Local currency,

F.C. Fofeign currency
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Table H.28, (cont.)

Un

ic @ M$

Congstruction Cost

Facility Work Description
L.C F.C Total
Ponds Preparatory cutting, uprooting 212,800 - 212,800 .
Earthwork excavation, back-filling, 2,046,700 | 1,273,900 3,320,600
excess soil disposal
Masonry granite, concrete, 634,500 48,100 f682,600
forming
Sub-total 2,894,000 | 1,322,000 4,216,000
Distri- Gate $350 mm x 3 0 15,000 15,000
bution .
Tank Structure reinforced concrete, 119,000 20,000 139,000
guide rail, staircase
Inlet $350 mm 40,000 10,000 . 50,000
Concrete Pile | 18" x 187, 1 =24 m x 12 41,121 1,673 42,794
Sub-total 200,121 46,677 246,794
Office "Architectural | - reinforced concrete, 312,000 | 0 312,000
brick 120 m2 -
Miscel- fence, gate, lighting, 602, 500 137,500 . 740,000
lancous access road, etc. )
Retaining Foundation rubble stone, concrete 309,359. ' 20,260 329,619
Wall . k
Concrete Pile | 18' x 18", 1 '=24m x 275 941,899 38,359 980,258
Sheet Pile SP IIT, h =10 m, 1 =900 m 161,149 774,756 - 935,905
Structure reinforced concrete, £ 920,976 67,653 988,629
h=3.5m 1 =825m,
forming, steel bar
Access Road w=5m 1=100m 16,365 ”:3,270 | 19,635
Dewatering submersible pump, 500 days 13,035 | .., 16,235 29,270
Sub-total ' 2,362,783 | 920,533 | 3,283,316
Grand Total 7,582,103 | 4,486,688 | 12,068,791

Note: L.C.

Local currency,

F.C. Torelgn curréncy
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