CHAPTER 9
BENEFITS

Various types of benefits_derivéd from the SéWérage system'in.the
First Phase Area can be expected, including those from healﬁh and éani—
tation'improﬁement, water pollution control,.values added to land and

other various economic benefits.

Since the benefits are mostly unquantifiablé in nature, the results
of the analysis are not expressed by benefit-cost ratio except those

which are quantifiable ones.

9.1 Health and Sanitation Benefits

The average number of waterborne disease occurfed per 1,000 persons
are eétimdted to be 13.76 on’the basis of the recorded incidences in the
jear 1978. Also, a survey on the cdst for treatmeﬁt of the diseases in
1979 indicates that expenses for treating these diseases, including
amounts spent for medical care, are about M$31 per person per day for
an average.of two weeks hospitalization. To estimate the benefit, it
is assumed.thét if about one half éf the diseases occurred are attribut-
able to poor excreta dispbsal and if this can be'eliminated by the .
provision.df sewerage system, then‘reduction rate of incidence of the
disease would be 6.88 {or 13.76 x0.5) within the Study Area. .The pro-
jection population served by the sewerage'systém and reduction'éf

incidences in the First Phase Area are calculated as follows:
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Table 9.1 Projected Populatlon to be Served and Reduotlon in
Number of Waterborne Diseases in the First Phase Area

Year . Populatii; Served Reductioézin No. of

{1,000 persons) Incidences {persons)
1982 g . -
1983 - -
1984 | 10.1 | 69
1985 17.9 123
_ L3 1986 23.0 .. 158
é 1987 23.2 ' 160
8'% 1988 . 23.3 160
g Mol 1980 - 23.5 162
S E 1990 - 23.6 162
g9 1991 o 23.8 164
Pl 1992 23.9 164
G| 1993 | 24.1 - - 166
S 1994 24.2 166

S & 1995 - 25.4 : -'169 i

& 1996 . 24.6 _ 169
_'% 1997 24.8 171
B 1998 24.9 17
1999 25.1 | | 173
2000 25.2 | 172
2001 | | 25;4 _ 175

Note: (2) = (1) x6.88

Served population is estimated based on sewered area. in accordance
with the constructlon programme for the First Phase Programme On the
basis .of the above consideration, reductlons in direct costs of illness
expected for the years 1982 through 2001 in the sewered areas are
estlmated ‘and discounted to 1979 price level at 8 percent pex annum.

_ As the result, the quantlflable beneflts are estlmated to be Approx-—

mately M$453,000 at 1979 price level. This is presented in Table 9.2.

....']""._



The main element of indirect cost can also be éalculatéd assuming
the average wage loss and the number of man~days lost due to diéability.
On the basis of the data collected, the average income of Labour péfti"
cipation group ié estimated to be.M$275 per person per'moﬁthf It‘ié
also assumed that 47% of the total popﬁiation based on available data,
i3 affected by the incidence of various diseases which cause wage losses,
and that_each incidence takes.average two Qeeks off from the work._
Factors such as unemploymént, ratio of workers to total population apé
not considered. Indirect cost for wage loss is estimated and discoﬁhted
to the 1979 price leﬁel are 8 ﬁercent per annum. The_discounted benefit

is to be M$63,000 as shown in Table 9.3.
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Table 9.2 Rédudtion Direct Costs by Elimination

of Waterborne Diseas

es

- {at 1979 price level)

Redugtion

_79_

P;oi)ulati_ox_l in Number Sa'{rin'g in ‘Discounted
Year Served : of k - Direct ! ‘Discount “‘Benefits
- {1,000 . Incidence Cost Factor at 1979
persons) (persons) {MS} _ {M5)
(1) - L2y (3) (4) (5)
1082 - - - ~ -
1983 s - - - -
11984 10.1 ' 69 29,946 0.681 _20,393
1985 17.9 123 53,382 0.630 33,631
1986 - 23.0 158 68,572 0.583 39,977
1987 o232 160 69,440 0.540 37,498
1988 23,3 160 69,440 0.500 34,720
1989 23.5 162 70,308 0.463 32,553
1990 23.6 162 70,308 0.429 30,162 .
1991 - 23.8 164 71,176 0.397 28,257
1992 23,9 164 71,176 0.368 26,193
1993 24,1 166 72,044 . 0.340 24,494
1994 24.2 . 166 72,044 0.315 22,694
1995+ . 24.5 169 73,346 0.292 21,417
1996 24.6 169 73,346 0.270 19,803
1997 24.8 171 74,214 0.250 18,554
1998 24.9 171 74,214 0.232 17,218
1999 125.1. 173 75,082 0.215 16,143
2000 25.2 173 75,082 0.199 14,941
2000, 25.4 175 75,950 0.185 13,975
Total ' 2,689 1,239,070 452,623
Note: (2) = (1) x 6.88
(3) = (2) x 31 M$/d.cap ® 14 days
{4) = 1 %1979 {x: yeér)_
(1 +0.08) :
(5) = (3) x(4)



Table 9.3 Saving from Wage Loss

Affec

ted © Saving

(at 1979 price level)

_ Reduction Population in : _
. in Nos. " by the . _Indirect Discount Discounted

Year of Incidence Cost for Factor Benefits
o Incidence of Diseases Wage Loss : at’ 1979
(persons) (persons) (M5) (M%)

{1) - (2) (3} (4) (5}

1982 - - - - -
1983 - - - - -
1984 69 - 32 4,096 0.681 2,789
1985 123 58 7,425 ©0.630 | 4,677
1986 . 158 74 9,472 0.583 5,522
1987 160 75 9,600 0.540 .5,184
1988 160 75 9,600 0.500 4,800
11989 162 76 9,728 0.463 4,504
- 1990 162 76 9,728 0.429 4,173
1991 164 77 9,856  0.397 3,193
1992 164 77 9,856 0.368 3,627
1993 166 78 9,984 0.340 3,395
1994 166 78 9,984 0.315 3,145
1995 169 79 10,112 0.292 2,953
1996 169 79 10,112 0.270 2,730
1997 171 80 10,240 0.250 2,560
1998 171 80 10,240 0.232 2,376
1999 173 81 10,368 0.215 2,229
2000 173 81 10,368 0.199 2,063
2001 175 82 10,496 0.184 1,931
Total =~ 2,689 1,338 171,264 62,902

" Note: (2) = {1) x 0.47

(3) = (2) x 275 M$/month.cap x 14/30

1

(4) =

(2 -19

{1 +0.08)

(5)

{3) x (4)

79) (x: year)
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Other benefits expected to be derived from the sewerage systen,
althoggh mostly ﬁnqhantifiable, include: (1) reduction of discomfort
and.distress (2) 1mprovements in env1ronmental aesthetlcs from elimi~
nation of the preqent sewage odours (i.e. from accumulated sludge in
dralns, CESSpOOl and septlc tank effluents,'excreta in dralns and rivers,
and dlrect dlscharge of sewage water), and (3) reduction of ground water
contéminétiqn resulting from impfoved measures for handling sanltary

wastes.

9.2 Wabter Pollution Control Benefits

The reduction of waste loads or improvement of water quality in the
rivers and drains is another major benefits to be derived'from the sewer-

age system.

As discussed in the Master Plan Report, most of the drains in
urbanized areas have been polluted and are expected to become much worse
in fhe'near future unless the séWerage system is provided. "Also, rivers

will be polluted from the drain.flows.

.The proposed First Phase Programme could keep future total BOD
1oad1ngs to drains and stream lower than the present level by the year
1990, and also even in the year 2000. Accordlngly, the effect of the
-system is quite 51gn1flcant especially in the Sungai Raja and road-
51de drains which’ have been rece1V1ng wastes loads from hlghly populated

areas.

9.3 Other Benefits

_ Provision of the new sewexageISYStem can induce investment for land
develoPmenL Therefore, the sewerage facilities-will have the effect
of raising the Lntr1n51c values of. the land served by the system. These

additiconal land_values constltute a major economic benefit in that, not
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only by ellmlnatlon of unsanltdry conditions and 1mprovement of dralns
and rivers through anti-pollution measures in the communlty, but also
‘as an addltlonal source of taxation for the revenue in favour of the
local government authorities. Land buyers are considered to have will-
ingness to pay. for properties on which such physical improvements'have

been made.

2.4 Conclusion

On the basis'df the results of evaiuatidns of benefits by the pro;
posed sewerage system in the First Phase Area, both tangible and 1ntang1ble,
it is concluded that the project is definitely justlflable If no sewerage
systems are provided in the Area, sanitary condltlons which are already
deplorabie in many areas of the city will become progressively worse.
Moreover, if this project is not undertaken at this time, the cost for.

the 1mplementat10n at later times will be 1ncrea81ngly hlgher.
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ANNEX 1

Data of Existing Excareta Disposal Facilities

Table Al.1 Number of Excreta Disposal Facilities with
Served Population in the First Phase Area

- " 'No. of Facility (Unit) Population Served (Person)
Block Septic Septic .
No. .Tank Bucket Others  Tank Bucket  Others Total
System  System System System

1 43 " 10 43 501 111 501 1,113
2 24 17 19 320 224 257 801
3 10 B 7 115 174 81 370
4 15 o - 5 T 201 120 66 387
5 - 21 11 "8 281 143 106 530
6 17 17 0 308 309 - 617
7 23 21 1 304 281 12 597
8 12 R X} 216 - 310 - : 526
9 6 17 o a3 2-3 - T 356
16 - 64 45 - 802 557 - 1,359
11 32 30 5 485 454 76 1,015
12 140 60 0 1,206 517 - 1,723
13 16 7. 0 307 132 - ‘439
14 22 1 10 429 79 195 643
15 ' 5 6 4 292 117 78 487
16 - 7 41 0 164 928 - 1,092
17 50 48 0 478 459 - : 937
i8 0(2) .0 ) 938 - - 938
19 - - - — — . — 0
- 20 3 0 0 - - - )
21 o(L) 0 0 780 - - 780
22 6 0 0 - - - 0
23 0(1) 0 0 940 ' - - 940
24 74 21 0 821 232 - 1,053
25 . 55 32 0 731 425 - 1,156
26 49 43 9 803 719 151 ©1,673
27 88 28 29 3836 266 276 1,378
28 .2, 0- 0 - - - 0
29 58 0 34 617 - 363 . 980
Total 852(3) 496 174 12,968 6,760 2,162 21,890

Note: (1) Block numbers refer to Figure al.l.
(2) Figures in parentheses indicate number of
communal séptic tank systen.
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ANNEX 2

Alternative Study for Sewage
Conveyance Facilities

‘Although the First Phase Area covers appréximately two-fifths of
B~1 sewefage sub-zone as shown in Figure 3.1, the trunk sewers proposed
for the Aiea'is carefully designed considering the influence by other
sewerage sub-zone of the:same sewerage'zone éé to sewége guantity, june-

tions of incoming trunk sewers and their invert elevation, etc.

The proposed sewerage léybut plan is WOrked:out on the basis to
minimize the number of intermediate pumping stations to the extent
practicable. It is concluded that two intermediate pumping stations
are_hetessary to construéﬁ in the First Phase: P71 (Kolam Airx) and Py

{Tanjong Bendahara) as shown in Figure 6.1.

“To suppiement the Master Pian'Stﬁdy for feasihility study pﬁrposes,
howéver; it is considered necéssary to work with the following three
alternatives to determine the best suited sewage conveyance system be-
tween Py intermediate pumping station and pumping station (P) attached

to the final disposal facility (stabilization pond) in sewerage zone B.

Alternative I :+ " To pump up the incoming: sewage at Py and convey

it by gravity to the pumping station P in the

finél disposai faqiiity (Stabiiizétioﬁ pond) by

one lérgeitrﬁnk sewer A. The trunk sewer is
capable.to'aécommoaate the 2000 yeaf flow generated

in the entire sewerage zone B,

'Final disposal
- /facility site
I8 . X

Gravity main sewer A

P S.P

Tanjong
Gendahara
Pumping
Station

a2



Alternative II :  To pump qp.the'incoming sewage:et'Ps and convey it
by pressure to the treatment facility site by one
force main‘seWEr A. It is capable to convey the
2000 year flow generated in the entire seweragé

zone B.

AlternetiVe IiI H :To pump up the 1ncom1ng sewage at P5 and convey it

| by pressure to the treatment faclllty 51te by two
barrels of force main severs Aj and A of equal size.
The integrated capacity.cen heet the ZbOO-yeaf con-
dition in sewerage zone B. Ag is constructed in the

'Flrst Phase and Az in the Second Phase.

Force main sewer Ay

Force main Sewer A3

For evaluatlng the above three alternatlves, the capltal costs -of
the trunk sewers, pumplng statlons, and land acqulsltlon cost are esti-
mated on the basis of the costs developed in Appendlx G of Volume VII.
Annual operatlon and maintenance costs for these facllltles are also
estimated using the baSlC operation and malntenance costs for each

sewerage component as described in Chapter 7.

The cost comparison of'the aiternatives-is made .on the basis of

present worth method of the all costs associated with each alternative.



The results shown on Table A2.1 indicate. that Alterﬁative 111 is

superior toé other alternatives.

In addition to the cost comparison, Alternative IIT is pfeferable

to second lowest alternative in that:
1. Material of force main sewer is available in Malaysia.
2, The flow velocity can be maintained under more desirable

condition (min: 60 m/sec) as proposed in Alternative IIT

by constructing two barrels force main sewer.



Table A2.1 Total Costs for Each Alternative

_ {M$1,000)

Year Construction 'Réplacement 0 &:ﬁ fofal ) Diizzznt Piziigt

1980 - 1985 4,049.4 » - 4,049.4 0,564  2,283.9

1986 - 1990 409.4 - 396.4 805.8  0.350 282.0

. 1991 - 1995 409.4 - 558.6 968.0  0.218  211.0
3 1996 - 2000 - 190, 4 753.45  943.85 0,135 127.4
% 2001 - 2005 - 63.4 753.45  816.85  0.084 68.6
E 2006 - 2010 - 63.4 753.45  816.85  0.052 42.5
§ 2011 - 2015 - 190.4 753.45  943.85 0,032 130.2
Land Cost 20.5

" Total 3,066.1

1980 - 1985 2,405.5 - - 2,405.5  0.564  1,356.7

i986 1990 213.i - 283.7 495.8 0.350 173.9

1991 - 1995 240.1 - 420.0 660.1 = 0.218 143.9

b 1996 - 2000 - 95.1 638.6 733.7  0.135 99.0
% 2001 - 2005 - 31.7 638.6 670.3  0.084 56.3
E 2006 - 2010 - 31.7 638.6 670.3  0.052 34.9
b 2011 - 2015 - 95.1 638.6 733.7  0.032 23.5

: : .

Note: 8% Land Cost 22.8

Total 1,911.0

1980 .1985 1,816.5 - - 1,816.5  0.564  1,024.5

1986 - 1990 728.5 - 260.1 988.6  0.350 346.0

M 1991 - 1995 240.7 - 417.0 657.7  0.218 143.4
v 1996 - 2000 - 95.1 635.65  730.75  0.135 98.7
g 2001 - 2005 - 31.7 635:65  667.35  0.084 56.1
H 2006 - 2010 - 31.7. 635.65 «  667.35  0.052 34.7
ﬁ 2011 - 2015 - 95.1 635.65  730.75 0.032 23.4
Land Cost _ 22.8

Total 1,749.6

Note: (1) Table A2.1 is supported by Table A2.2 through A2.6.
‘ 8% of discount rate is applied.
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' mpable 2.2 Proposed Construction Schedule by Alternative

=

Yr. of Construction

Phase. 3.

T Phase 1 Phése 2
Facilities ——— ———— {1985) {1990) {1995)
Trunk sewer A line —_— —
Pumping station (Pg)
. Civil works Whole structure
H . Elec. & Mech.
o works (cumulative) 3 pumps 4 pumps 5 pumps
ﬁ Qp=0.38 m3/s 0p=0.60 m3/s - 0p=0.86 m37/s
g 0d=11,850 m3/d  0d=21,130 m3/d  0d=32,430 w3/a
@
H Pumping station (P)
< . Civil works Whole structure
- Elec. & Mech. . . o :
works {cumulative) : 3 pumps N 4 pumps 5 pumps
0 =0.38 m>/s 0 =0.60 m3/s 0 =0.95 m%/s
0 =11,850 m3/d © =21,130 m3/d " Q =36,390 m3/d
_ Trunk sewex . A line —_— —
H -
¢ | Pumping station (P5)
it . Civil works Whole structure
o . Elec. & Mech.
b works {(cumulative) 3 pumps 4 pumps -~ 5 pumps
el 0p=0.38 m3/s Op=0.60 m/s Qp=0.95.m3/s
& Qd=11,850 m3/d - Qd=21,130 m3/d  Qd=36,390 m3/d
H Trunk sewer Al line A2 line
i
2 Pumping station (Pg) .
o . Civil works Whole structure
i . Elec. & Mech. . - o
o works (cumulative) 3 pumps 4 pumps . 5 pumps
bt : ' 0p=0.38 m3/s QOp=0.60 m3/s Qp=0.95 m3/s.
< 0d=11,850 m3/3 0Qd=21,130 m3/d  Qd=36,390 m3/d
(l) Refeﬁ to Diagram.

Note:

(2) All costs in each construction phase are assumed
to be expended at the final year of each phase
for the convenience of economic analysis.
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Table A2.4  Land Acdquisition Cost by Alternative

(M$  1,000)

Cost : Remarks
Alternative T 20.5 38 $/m2 x 540 m2
Alternative II . 22.8 38 $/m2 x 600 m2

Alternative III '22.8 38 5/m? x 600 m2

Table A2.5 Replacement Costs of Pumps by Alternative

2000 ' 2005 2010
Alternative I 190.4 63.4 63.4
Alternative 11 95.1 3L.7 31.7
Alternative ITI © 95.1 31,7 . 31,7

Note: (1} All costs are at 1979 price levels and
: in thousands of Malaysian dollars.

(2) Useful life of pump equipment i
: assumed to be 15 years.

{3) Replacement cost is c¢alculated for a
duration of 30 vyears.
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Table AR2.6 Operation and Maintenance Costs (1986 - 2000)

1986 - 1990 11991 - 1995 1996 ~ 2000
Altefnati?e I
{a) Wage 17 37 148.0
(b) - Power _ 165.4 204.9 1,828.0
(c) Repairs and overhauling 194.0 226.7 1,037.8
Total  396.4 558.6 753.45
Alternative IT
(a) Wage 18.5 18.5 © 74.0
(b) Power 152.2 271.5 ©1,870.1
(c). Repairs and overhauling 113.0 130.0 610.3
Total ' 283.7 _ 420.0 638.6
Alternative IiI
{(a) Wage _ ' 18.5 18.5 74.0
{b) Power 152,27 - : 271.5 1,870.1
{c) Repairs and overhauling - 89.4 ‘127.0 5388.5
Total 260.1 417.0 635.65
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" ANNEX 3
Study on Implementation Pricrity
in The First Phase Area

1. Technical Evaluation for Implementation Priority

Détails of the four elements considered for technical evaluation

are as follows:

(1) Populatioﬁ Density

. The provision of sewerage facilities in the most densely populated
area incurs the maximum return by limited capital expenditure. Thus,
the present population density is compared in the residential area of

the three blocks as shown in Table A3.1.
(2) Existing Condition.of Land Uses

Day-time population in the commercial and instituticnal areas in-
crease conspicuously, because these areas comprise a number of various
buildings'owned by public and/or private sectors as a provincial seat
of Kedah,

Evaluation of each block is made comparing the area among commercial,
institutional and residential by'taking the ratio of the area of the
former two versus all the three areas as shown in Table, A3.2.

A3 Organic Generation

By comparing BOD generated from unit area in each block, urgency

of implementation of the blocks are evaluated. A block in higher priority

A—-12



is considered urgently required for pollution control within the Study

Area.

(4) Existinq Condition of ExXcreta Disposal System

According to the inveStigation carried out in the First Phase Area,
excreta disposal systems such as bucket system, latrine over waterwayé,
pit privy, and borehole latrine exist ?lentifully. All the excreta
through these systems are either carried to landfill by vacuum lorries,
or directly discharged to.waterways- Such condition is considered not
satisfactory from the viewpoint of the environmental sanitation. There-
fore, this factor is considered determining the urgéncy of the sewerage

system.

The each factor above is assigned points from 1.t0.3 according

to urgency. The evaluated result is given in Tables A3.1 through A3.4.
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Table A3.

Table A3.

1. Evaluated Points for Population Density

Block 1 Block 2 Block 3

Population (person) 4,689 9,530 7,671
Area* (ha) ‘ 39.40 48.81 45.89
Population density : 119 ' 195 167
{persons/ha) '

Rated Points . 1 3 2

Note: * is a habitable area (i.e. residential
and commercial area).’ '

2 Evaluated Points for Existing Condition by Land Use

Block 1 Block 2 Block 3
Residential area (ha) 35.97 9,01 33.22
Commiercial area (ha) 3.43 39.80 12.67
Institution area ¢(ha) - 12.20 -
Rate* (3) 8.7 85.2 27.5
Rated Points 1 3 2

Note: #* = (Commercial4¥Institufion)/(Commercial+
Institution + Residential)
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Table A3.3 Evaluated Points for Existing Organic Generation

Block 1 Block 2 Block 3
Residential Area
Population (person} 3,780 1,460 6,450
“Quantity of wastewater (m3/d) 642.6 248.2 1,096.5
.Waste loading (kg/d) 128.5 49.6 219.3
Commercial Area _
Population (person) 800 8,200 1,200
Quantity of wastewater (m3/d) ' 272 . 2,788 408
Waste loading (kq/d) - 54.4 557.6 81.6
Institution Area
Population -{person} ' — 3,000 —
Quantity of wastewater (m3/d3) - 69 —
Waste loading (kg/d) —— 13.8 —
Schoodl
-Population ({person} . 4,527 5,242 3,979
Quantity of wastewater (m>/d) 384.8 445.6 338.2
Waste loading (kg/d) 77.0 89.1 67.6
Total waste loading (kg/d) _ 259.9 710.1 368.5
Area 61.46 76.48 49,06
Waste loading per hectare 4.2 9.3 7.5
3 2

Rated Points _ 1
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Table A3.4  Evaluated Points for Existing Excreta
Digposal System and Others

Block 1 “Block 2 Block 3

Number of Buckets _ 103 184 209
Number of Other System 72 14 88
Total ' 175 198 297
Area (ha) ' 61.46 ~76.48 49.06
Nuamber of Bucket and Other 2.8 _ 2.6 _ 6.1
System per Hectare o o

Rated Points 2 1 3

2. Fconomic BEvaluation for Implementation Priority

The three alternative implementation orders of the threec blocks are:

Case 1 :  DBlock 1 is impleéemented in the years 1982 and 1983,
and similary blocks 2-1, 2-2 and 3 in the years

1985 respectively.

Case 2 : Block 2-1 is implemented in 1982, and similary
_bloecks 2-2, 3 and 1 in the years 1983, 1284 and

1985 respectively.
Case 3 : Block -3 is implemented in 1983, and similarly

‘blocks 2 and 1 in the years 1984 and 1985

respectively.
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- To evaluate these cases by preéent worth method, most suitéble
implementation schedule by case is worked out as shown in Table A3.5,
then based on fhese implementation schedules, expenditures for con-
struction; operation as well as revenues incurred by éase are estimated
at 1979 price level as shown in Table A3.6. The expenditures and revenues
are estimated for a period of five years (1982 - 1986). Finally the figures
in Table A3.7 are expreésed by present values taking 1979 as the base year,

discounting at 10 percent annually.-

Tt is evident, from Table A3.7, that Case 2 (R/C ratio'is_0.108) is
the most effective case than others (R/C ratios for Case 1 and 3 are
0.083 and 0.085 respectively). -

3. ' Recommendation for Implementation Priority
Referring to both the technical and economic evaluations undertaken

in the above two sections, it is justificable that implementation prio-

rity of the three blocks should be in the order of Blocks 2, 3 and 1.
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Table A3.5 Proposed Implementation Schedule by Case

Ttem

1981

1982

. 1983

1984

1985

Case 1
Trunk Sewer (No, 131 to S5.P,, No, 113
- to 117 *

Branch & Lateral Sewer
{1} Block 1
{2) Block 2
{3} Block 3

Kolam Air Pumping Station
(1) Civil works .
{2} Mech. & electrical works

Tanjong Bendahara Pumping Station
{1} Civil works :
{2) Mech. & electrical woxks

Waste Stabilization Pond

Case 2

Trunk Sewer (Pl to Stabilization
Pond) *

Branch & Lateral Sewer
(1} Block 1
(2) Block 2
{3) Block 3

Kolam Air Pumping Station
(1) Civil works
{2) Mech. & electrical works

Tanjong Bendahara Pumping Station
{1) Civil works
{2} Mech. & electriecal works

Waste Stabilization Pond

R

Cage 3

Trunk Sewer (No. 113 to Stabiliza-
tion Pond) *

Branch & Lateral Sever
(1) Block 1
{2) Block 2
{3) Block 3

Kolam Air Pumping Station
(1) Civil works
(2) #ech. & electrical works

Tanjong Bendahara Pumping Station
{1) cCivil works
{2) Mech. & electrical works

Waste Stabilization Pond

Note: * Refer to Figure SD-17 of Volume VIIIL.
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Table A3.06 Construction, Operation Costs and Revenued

by Case

(M$1,000 at 1979.price level)
Case Ttem 1982 . 1983 1984 1985 1986

Case 1 Construction Cost .
Sewer 2,588 542 2,288 1,402 -
Pumping Station 504 703 295 360 -
Stabilization Pond - 555 852 314 -
Contingency (1) 618 360 687 415 -
Total 3,710 2,160 4,122 2,491 -
O&M Cost - 20 . 34 69 86
Revenues (2) - - 94 469 690

Case 2. Construction Cost )

Sewer 2,690 1,675 1,053 1,402 -
Pumping Station 784 718 ~ 360 -
Stabilization Pond - 800 607 314 -
Contingency (1) 695 639 332 415 -
Total 4,169 3,832 1,992 2,491 -
- Q&M Cost - 32 52 74 86
Revenues (2) - - 381 564 690

Case 3 Construétion Cost
Sewer” _ 2,623 1,402 2,172 1,053 -
Pumping Station 784 718 - 360 -
Stabilization Pond - ‘800 607 314 -
Contingency (1} 681 584 556 345 -
Total 4,088 3,504 3,335 2,072 -
0o&M Cost - 30 41 75 86
Revenues (2) - - 64 563 690

Note: (1) is estimated at 20 percent of the construction cost.
{2} is estimated at 10 percent of the water charge.
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Table A3.,7

Present Values of Construction, Operation
Costs and Revenues by Case

(51 ,000)
Construction and Operation Costs Revenue
Conétruc~- D&M . Presenﬁ : : Present
Y X : : & i
ear tion Cost Cost Total Dlscount Value Charge Discount Value
Case 1
1982 3,047 - 3,047 0.7513 2,289 - - -
1983 2,831 6 ) 2,837 0.6_830 1,938 - - -
1984 3,739 25 3,764 0.6209 . 2,337 94 0.6209 58
1985 2,718 47 2,825 0.5645 1,595 469 0.5645 265'
1986 - 76 76 0.5132 39 690 0.5132 154
Total 8,198 677
R/C = 677/8,198 = 0.083
Case 2
1982 3,713 - 3,713 0.7513 - 2,790 - - -
1983 _4,019 8 4,027 0.6830 © 2,750 - - -
1984 2,998 41 3,039 0.6209 . 1,887 3181 0.6209 237
1985 1,665 52 1,717 0.5645 959 564 0.5645 318
1986 - 76 76 0.5132 39 690 0.5132 354
Total - 8,435 309
R/C = 909/8,435 = 0.108
Case 3
1982 3,276 - 3,276 0.7513 2,461 - - -
1983 4,727 7 4,737 0.6830 3,233 = - -
1984 2,594 a1 2,635 0.6209 1,636 64 0.6209 40
1985. 1,798 50 1,848 0.5645 1,043 563 0.5645 318
1986 - 76 70 0.5312 ] 39 690 0.5312 354
Total 8,412 712
R/C = 712/8,412 = 0.085
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ANNEX 4
Data for Estimating Electric Charges for
Operation of Pumping Stations and Treatment Faollltles

Electric costs for operation of the pumping stations and waste
stabilization ponds {(refer to Chapter 7.2.2) are estimated relating to
the sewage amount to be pumped, taking accomnt of the implementation

programme .

Table Ad.1l and A4.2 1ndlcate the estimated populatlon by land use
in the year 1979 and 2000 respoctlvely, and Tabkle A4.3 indicates annual
wastewater generated by block from 1979 through 2000 for calculation of

the power costs. Table Ad.4 summarizes incoming amounts of sewage.

Table Ad.1 1979 - Population for Each Block by Land Use

{persons)

Block 1 . Block 2-1 Block 2-2  Block 3 Total

Residential 3,780 780 680 6,450 11,690
Commercial 800 2,493 5,707 1,200 10,200
Institution - 1,608 1,392 - 3,000
School* 4,527 — 5,242 3,979 13,748
Note: (1) Day-time population are counted in

institutional area..
(2) * Numbers of_studenté_are included.

(3) Pj pumping station serves only for
' Blocks 2 and 3.

{4) Refer to Figure 7.1 for the Blocks.
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Table A4.2 2000 - Population for Each Block by Land Use

wk . Block | Block | Block | Block :

Unit - T 1 51 53 3 Total
Land Use '

Residential ha 26.89 | . - | 1.09| 14.25'| 42.20
(120 persons/ha) persons 3,227 - 127 1,710 5,064
Residential . ha -l 340 - -1 3.40
{Police quarters) persons | - - 780 - - 780

Commérciél ha 12.51 | 16.86 | 35,99 | .31.64 97.0
. pexrsons 3,502 3,372 7,198 | 6,328 19,400

o ha -] 6.5 s.66 o 122
Institution _persons -1 6,443 | 5,567 | - | 12,000

sch001 ha. 22.06 - 6.97 1.67 30.7
persons | 9,300 |- -~ 110,760 8,300 28,360
Mosque o ha ' - - -] 1.50 1.50
Total | ha 61.46 | 26.80 | 49.68 | 49.06 | 187.00
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Table A4.3 Annual Wastewater Generated by Block

Block 1}

. Residential ) o Co.mmeri:ial : Institution . . Scheol- '.'n‘btail
T TWaste- | Waste- L;‘asteé Waste- Waste- | Waste- Waste- ﬁaste— Waste-
| Popu- water water Popu~ water water, |Staff| water | water Stu- water | water |water .
Yeayr | lation | Quan- [ Quan- lation | Quan- Quan-~ . Quan- [ Quan- dent | Quan- | Quan~. [Quan-
. tity tity tity tity o tity tity tity tity tity
(pex- . | tpex- | Apex- {per- : :
sons)  fwdgay [sonsy | .t mi/a) | sons) | tm3za) [ sons) | (misdy | (m3ra)
1979 1 3,780 | 0.170 | 642.6 so0 | 0.390 | 272.0 0.023 4,527[ 0.0085 | 38,5 953
1983 f 3,675 | 0.181 | 665.2 | 1,124 | 0,363 [ 408.0 0.023 | | 5,436| 0.0091 49,5 | 1,123
19g4 | 3,648 ) 0.184 | 671.2 | 1,205 | 0.369 | 444.6 0:023 5,663] 0.0092 52.1| 1,168
1985 | 3,662 | 0.187 | 677.3 | 1,286 | 0.374 | 481.0 1 oo.023 |- 5,891] 0.0094] - 55.4 | 1,214
- NG RO Y IO N SN R 1 -
1986 | 3,596 | ©.190 | e83.2 | 1,367 | 0.380 | s19.5 0.023 6,112| 0.6095| $8.1| 1,261
1987 | 3,569 | 0.193 | 688.8] 1,448 | 0.386 | s58.9 0.023 6,345( 0.0096 | 60.9 | 1,309
1988 | 3,543 | 0.196 | 694.9 | 1,529 | 0,391 | 597.8 1 0.023 6,;573{ 0.0028 64.1 [ 1,356
1989 | 3,517 | 0.192 [ €99.9 | 1,610 | 0.397 | 639.2 : 0.023 6,800 0,0099 67.3 | 1,406
1990 | 3,490 | o.201 | 70r.5-| 1,692 ] 0.403 | e81l.9 | 0.023 7.027| o.0101 7.0 | 1,454
1991 | 3,464 | 0.204 | 706.7 | 1,773 | 0.409 | 25.2 -} 0.023 | 7.254] 0.0102 74,0 1,506
1992 | 3,438 | 0.207 | 711.7 | 1,854 | 0.414 | 767.6 0.023 7,482} 0.0104 77.8] 1,557
1993 | 3,411 | o.210 | 716.3 | 1,935 [ 0.420 | B812.7 0.023 7,709 | o.0108 80.9 | 1,610
1994 | 3,385 | 0.213 | 721.0 | 2,016 [ 0.426 | 858.8 o.dz3 7,936} 0,0106 84.1 | 1,664
1995 | 3,352 | 0.216 | 725.5 | 2,097 | 0.431 | 903.8 0.023 | ‘| 8,164| 0.0108| -88.2| 1,718
2000 | 3,227 | 0.230 | 742.2 | 2,502 | 0.460 [1,150.9 0.023 9,300| 6.,0015| 107.0§ 2,000

- ko be continued -
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Table A4.3

Ammual Wastewater Generated by Block (Cont'd)

Block 2-1
Residential Commercial Institution Scheol. -
. . D Total
Waste- | Wasto- - Waste- | Hasté- : Waste- | Wastc- Waste- | Waste- | Waste-
Popu- water water | Popu- water water ‘| Staff| water water Stu- water watex water :
Year | lation | Quan~ | Quan- lation | Quan- | Quan- Quan- | Quan- |dent | Quan—. | Quan- |Quan-:
tity tity . tity tity tity tity ity ticy tity
(per- | {per- . (per- : (per- :
sons) {n3/d) | sons) (m3/d)r;§pns}ﬁ 3 (m37a} | sons) (m¥/a) | (m3fa)
1979 780 0.17¢ 132.6 | 2,493 0.340 B47.6/1,608| 0.023 37.0 - 0.0085 1,107,
1983 780 0,181 141.2 2,:660 0.363 96s.6| 2,527 0.023 58.1 - 0.0091 1,165
1984 780 0,184 143.6 [2,702 0.369 997.0[2,757 | 0.023 63.4 - 0.0092 1,204
1985 180 0.187 145.9 12,744 0.374 |1,026.3| 2,986 0.023 68.6 - 0.0094 1,241
1986 80 :0.190 148.2 [ 2,786 ) 0.380 [1,058.7 3,216 0.023 4.0 - G.0695 1,281
1987 780 0.193 150.6 | 2,828 0.386 §1,091.6]3,446 | 0.023 79.3 - G.009%6 1,322
1988 730 2.196 152.9 2,870 0.391 1,122.2)13,676 0,023 84.5 - Q.0098 1,360
19289 80 G.199 155.2 12,912 0,397 1 1,156.1] 3,906 0.023 89.9 - 0.0099 1,401
1990 780 0.201 156.8 [ 2,953 0.403 [1,190.4|4,135 0.023 95.1 - 0,001 1,442
199) 780 0.204 159.1 | 2,995 0.409 {1,225.0|4,365 0.023 1090.4 - 0.0102 1,485
1992 780 0.207 | 161.4 | 3,037 0.414 §1,257.3[4,595 | 0.023| 105.7 - 0.0104 1,524
1993 780 0.210 | 163.8 [ 3,079 0.420 [1,293.2)4,825 0.023 | 1ll.0 - 0.0105 1,568
1994 ﬁBO 0.210 Ie6.1 {3,121 0.420 11,329.55,054 0.023 116.3 - 0.0106 1}612
1995 780 0.216 168.5 [3,163 | 0.431 |[1,363.3|5,284 0.023 7 121.5 - 0.0108 1,653
2000 780 | 0.230 | 179.4 | 3,372 0.460 |1,551.2]6,233 0.023] 148.0 | - | 0.0115 1,879
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Table Ad,3 Annual’ Wéstewater- Generated by Block (Cont'd) -

Block 2-2
Residential Commercial Instituntion School
: . : i Total
Waste- | Waste- Waste- [ Waste- | Waste- | Waste- Waste~ | Waste- |Waste-
. Popu-.- [water -|witer |Popu- |water ‘jwater |Staff[ water | water |Stu- | water  |water water
Year | lation | Quan- DQuan- lation | Quan- - [ Quan— Quan- Quan- dent Quan-~ Quan- Quan-
ity ity tity tity : bity ity tity tity tity
{per-~ {per- - | {per—- . : {pexr-
s0nS) (mj/d). sons) (m3/q) | sons) (n3/d) | sons} (nzay | (mra) |
1979 680 0.170 115.6 | 5,707 0,340 [1,940.3| 1,392 0.023 32.0 15,2421 0.0085 44 .6 12,133
1983 575 0.181 104.1 {5,991 0.363 [2,174./3|2,187 0,023 50.3 §6,293] 0.0091 57.3 2,3éﬁ_
1984 548 0.184° | 100.8 |6,062 0.369 [2,236.9|2,375 | 9,923 54.9 | 6,556{ 0.0092 60.3 [ 2,453
1985 552 0.187 97.6 16,133 0.374_ 2,293.7 2,585 0.023 -59.5 |16,819] 0.0094 64.1 12,515
1986; 496 0.190 94.2 (6,204 0.380 2,35?-5 2,784 g.023 64.0 7,081 9.0035 67.3 2,583
1987 469 0,193 90.5 |6,275 0.386 | 2,422.212,983 | 0.023 68.6 | 7,344} 0,00% 0.5 | 2,651
1988 443 .0.196 86.8 |6,346 0.391 |2,481.313,18) 0,023 73.2 | 7,607} 0.0098 4.5 (2,715
1989 417 - 0.199 83.0 {6,417 0.397 |2,547.5 3,386 0.023 F71.7 | 7,820] 0.0099 77.4 | 2,786
1990 390 0,201 78.4 | 6,488 0.403 {2,614.6] 3,579 0.023 82.3'| 8,132 0.0001} .82.1 (2,857
1991 364 0.204 74.3 | 6,559 0.409 [2,662.6]3,778 | 0,023 86.9 | 8,395 0.0102 85.6 ;2,929
1952 338 0.207 70.0 |6,630 0.414 | 2,744 .8} 3,976 0.023 91.4 | 8,658} 0.0104 90.0 2,99?'
1593 311 0.210 65.3 (6,701 0.420 |2,814.4)4,175 Q.023 96.0 | 8,921| 0.0105 93,7 | 3,069
1994 285 0.213 60:7 {6,772 0.426 | 2,884.914,375 0.023 100.6 | 9,183 0.0106 97.3 | 3,143
19495 259 0.216 55.9 16,843 0.431 | 2,949.3|4,573 0.023 105.2 | 9,446 0.0108 102.0 3,213
2000 127 0.230 23.2 7,198 0.4¢0 |3,311.0{5,567 0.023 128.0 10,760} 0.0115 123.7 } 3,592
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Table Ad4.3

hnnual Wastewater Generated Block (Cont'd)

Block 3
Resideptial Commercial Institution Schooel
L L L . - - Total
Waste- | Waste- Waste- | Waste- Waste- | Waste- Waste- | Waste~ | Waste-
Popu- [water {water |Popu- - |water [water |S5taff]| water |water |Stu- | water | water |water
Year | lation | Quan- Quan<~ lation | Quan- Quan— Quan- Quan- | dent Quan- Quan- Quan-
ity tity ticy tity tity tity tity tity tity
~{pex- Lo (per- . ) (per- C [perx-
sons) (m3/d) | sons} | m3sa) | sons) (m3/d} | sons) tedzay | ondra)
1979 6,450 | 0,170 |L096.5 | 1,200 0. 340 408.0 Q.023 3,979 0.0085% 33.81 1,538
1983 5,547 0.181 |L,004.0 | 2,177 0.3563 790, 3 0.023 4,802 0.0091 43.7 11,838
1954 5,321 | '0.1B4 | 979.1 |2,42]1 0.369 £§93.3 0.023 5,008] G.0092 46.1 [ 1,918
1985 | 5,096 | D.187 | 953.0 2,665 G.374 996.7 ‘0.023 5,214 0.0094 48.0 1,999
1986 4,870 O.LQD 925.3 2,909 0.380 |1,105.4 0.023 5,413 0,0095 51.5 | 2,082
1987 | 4,644 | 0.193 f96.3 | 3,154 0.386 |1,217.4 0.023 5,625] 0.0098 54.01]2,168
1988 | 4,419 | 0.196 | 866.1 3,398 0.321 |1,328.6 0.023 5,831. 0.0098 57.1 12,252
1989 4,193 | 0,199 834.4 | 3,642 0.397 {1,445.9 0.023 6,037] 0.0099 59,8 {2,340
1990 3,967 0.201 797.4 3,886 (.403 [1,566.1 0.023 .6,242 0.0101 63.1 | 2,427
1591 3,741 0.204 763.2 4,130' 0.40% |1,689.2 0.023 6,448} 0.014Q2 £5.8 | 2,518
1992 3,516 0.207 127.8 |4,374 0.414 |1,810.8 ¢.023 6,654} 0.0104 69.2 | 2,608
1993 3,290 0.210 690.9 | 4,619 0.420 1,940;0 0.023 6,860 0.0105 72.0 [ 2,703
1994 3,069 0.213 652.6 [4,863 0.426 2,071.6 0.023 7,0651 0.0106 .?4.9 2,799
1995 2,839 0.216 613.2 [5,107 0.431 |2,201.1 0.023 7,271} 0.0108 78.5 2,893
2000 1,710 Q.230 393.3 }6,328 0.460 12,910.9 0.023 8,300} £0.0L15 95.5 | 3,400
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Table Ad.4 Incoming Amounts of Sewage into the Pumping Stations
and Stabilization Pond from 1984 through 2000

Inflows (m3/a)

Name of

Year ’ ; ' . PS5 Pgmping

. Aréa Served *pl Pumping Station &

: Station Stakiliza-

tion Pond
1984 ' Blocks 2-1, 2-2 S 2,691 4,022
1985 Blocks 2-1, 2-2, 3 5,004 - 6,371
1986 Blocks 1, 2-1, 2-2, 3 5,846 8,189
1987 ow 6,040 8,432
1988 " 6,228 8,666
1989 e ; 6,429 8,915
1990 o 6,630 9,162
1991 " 6,837 9,420
1992 o - 7,038.l 9,668 -
1993 " o 7,251 9,932
- 1994 ‘ " 7;468 10,200
1995 - ' ' "7,677 10,458
12000 | z 7 8,813 11,852

Note: (1) * Pl is Kolam Air Pumping Station,
' ' and * P5 is Tanjong Bendahara
Pumping Station.

(2} - Inflows include extraneous water.
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ANNEX 5

Estimated Water Charges from 1984 through 2000

Sewer charges to be ralqed from direct benefltlarles are proposed

ourcharged to the water bllls by multlplylng certain percentage.

Therefore, this péper estimates water billing rates from 1984 through

2000 as follows:

The rates of the water charge are classified into three by the autho-

rity concerned as follows:

- Codé A

- Code B

- Code C

On the

(for domestic use, and for government dquarters, departments,
instithtions,-schools, clubs, bath houses, charitable and
religious institutions and local authorities)

Initial 13.64 m3 per month at MS$L.00 per 4.55 m3, and

ML.2 for each additional 4.55 w3.

{for business premises where the water is used for purpose
of sanitation and hygiene and for the purposes of business
or trade)

M$1.5 for each 4.55 m3.

(for trade purpose 1ncludlng restaurants, coffee shops,
lce—shops, markets, bulldlng operatlons, service stations,

etc‘)
M$2.0 for each 4.55 m3.

base of above water éharge systen, the rates of water

charge. per 1. m3 by land use are calculated as follows:
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Residential, Institutional Arxea, and School:

Based on 5.5 bersons per household and per capita water con-
sumption rate of 170 1/day in the year 1979, monthly water
consumption.rate_amounts to be 28.05 h3/houéehold (i.e. 5.5
person x'0.17'm3/capita'x 30 days), thus water charge per

1 w3 is M$0.242, i.e.[(28.05-13.64) x 1.20/4.55 + 3] + 28.05.
Tn fhe same manner, per month water consumption in the year
2000 ié 5.5 person x 0.23 m3/capita x 30 days = 37.95 m3/ ‘
household, also the rates of water charge per 1 m3 is

[(37.95 -13.64) x 1.20/4.55 + 3] = 37.95 = M$0.248.

Commercial Area:

The type of water use is.mainly Code B and C. The ratio
for Cdde'B and Code'c is estimated to be 1 to 9. The rate
of water=charge per 1 m3 for Code B and C are M$0.33 and
' MSO.44 respectively, thus the average rate being M$O0. 429
(i.e. M§0.33 x 0.1 +450.44 x 0.9).
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Table A5.1 Estimated Water Charges'by Code from 1984
through 2000 in the First Phase Area

" Water

Year U Name: of . Consumption Rates Estimated
Area Served Code A - Code B, C Water Charge
. o o (m3/4) . {m3/d) (MS/d)
1984 Blocks 2-1, 2-2 a0 1,233.9 1,490
1985 Blbéks -1, 2-2, 3 1,437.7  4,316.7 2,203
1986  Blocks 1, 2-1, 2-2, 3 2,165.8°
1983 | o 2,159.5 5,290.1 2,796
1988 " ' 2,153.6 5,529.9 2,900
1989 ' " 2,144.6  5,788.7 3,009
1990 o _ . 2,127.6 6,052.7 3,178
1991 ' -" 2,116.0 | 6,322.0 3,231
1992 o 1 2,105.0 6,580.5 3,341
1993 o " _ 2,039.9 6,860.3 3,457
1994 n " 2,673-6 7,144.8 7 3,575
1995 " o 2,085.5 7,417.5 3,691
2000 " .1,946;3 8,942.0 4,309







. ANNEX 6

Financial Analysis for Alternative Plans
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 ANNEX 8 |
Selection of Pump Type for Sewage Pumping Stations

1. Alternatives Considered

~-In érdér to select the most suitable pumping station fox the purpbéed
séwerageféQStEm,.a comprehensive study has beén made on the alternative
puinp types, incluaing.submersible pump and vertical centrifugal pump,
felating-to type of Stfuctureé by screéniﬁg out application of screw
.pump from the alternativé study because of impracticable puﬁp—up head

redquired for screw pump.

Two pumping stations; namely Kolam Ailr énd Tanjong Béndahara; are
constructed in the First Phase. These stations are estimated for their
capital and operatiqh andémainténance costs (for details of the recom-
mended statidns, see Figure SF-23, Volume VIII). Specifications of the

stations are as follows:

{1 _ (2) Total Dynamic

Name of Stations Capécity {m3/min) Pump NG. Head
- ' Daily Ave. . Peak : {m)

Kolam Air 1.0 28.6 3 : 10

‘Tanjong Bendahara 25.2 56.8 3 . 26

Note: (1) flow rates estimated for 2000 conditions
(2) required pump numbers for 1990 conditions
2 Estimated Capital Costs
'Capital coSté for the two alternatives have been e$timdted on the

basis of the wnit coSts developed in Appendix G, Vol. ViI._ It should

. be emphasized, however, that the cost estimates are for order-of-magnitude,
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or reconnaissance study only, and these are satisfactory for comparative

study purposes. The estimated costs are summarized below:

. _ {M$1,000)
S . Land Total
E nt -
Structure quipme Cost Cost:
1. Kolam Air

‘Submersible 280 - 443 | 6 729
Centrifigal 308 465 8 781

2. Tanjong Bendahara _
Submersible - 504 635 - 22 1,161
Centrifugal 554 : 667 29 1,250

Note: (1) All costs are at 1979 price levels,
: Land cost for Kolam Air is M$173/m?
and for Tanjong Bendahara M$38/m2.

{2} In the detailed engineexing analysis,
application of screw pump was found
impracticable due to high pumping-up
head reguired.

3. Estimated Annual Operation and Maintenance Costs

The operation and maintenance costs for the alternatives are
estimated on the basis of the procedures described in Vol. VII, Appen-

dix G, as summarized in the following:

Total Dynamic . Electricity, Water,

Head Manpower, Spare Part, etc.
{m) (M$/yr)
1. Kolam Air
Submersible . 10 31.5
Centrifugal 10 - 34.0
2. Tanjong Bendahara '
Submersible 26 _ 45.7

Centrifugal 26 i i 49,4

Note: All costs are at 1979 price.levels.
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4, Total Annual Costs

-For cost comparison, all costs of the facilities are expreéged on
annual ba31s using the dverage lives of the components, i, e., 50 years
for c1v11 and bulldlng works and 15 years for equlpment. It is also
1 assumed that annual deprec1at10n payments into the sinking fund would
grow at 10 percent per annum. The estimated total annual-cdosts for the

altéfnatives’by‘type are summarized in the following:

(1) Kelam Air Pumping Station

(M$1,000/yr)
Item Submersible Centrifﬁgal
Interest at 10%  58.3 ' 62.5
Deﬁreciation
Structures ' : 0.2 . 0.3
Equipment 13.9 14.6
O&M costs 3L.5 34.0
Total annual costs 103.9 | 111.4
{2} Tanjong Bendahara Pumping Station
(M$1,000/y1)
Ttem ' Submersible Centrifugal
" Interest at 10% 92.9 : - 100.0
gDep;eciation
‘Structures 0.4 ' . 0.5
Equipment 20.0 21,0 -
0&M costs | 45.7 49.4
Total annual costs 159.0 - _ 170.9

Note: For land costs full salvage
value is considered.
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5. Evaloation of the Alternatives

As shown in the tables above, the pumping stations with submersible
pumps are superior to other types in terms of the total annual cost, as
well as other various advantages. Advantages and disadvantages of the

submersible type are summarized as follows:

-~ 8ince submersible pumps are installed direétly in wet'well,
dry well can be eliminated thus the costs for land, super-

structure and substructure can be significantly reduced.

— Because of its structure, submersible pumping station has
less problems with respect to flooding which is expected in

other types.

~ Ag the motor is directly .connected to the pump, submersible
punp dees not have long'shaft and the lubrication to the inter-
mediate bearing box is not required. This makes the overall

pump efficiency higher than other types of pump.

~ Sihce submersible pump is placed completely in the water, the

noise from pump operation will be less than other types.

- In the existing sewage pumping stations in the area, sub-
mersible pumps have been widely used for years, and the skilled
operators familiar with this type of pump are available for

operating the new pumping stations,

- One of the disadvantages with respecf to submersible pump is
that when the pump cleaning is necessary, the wnit must be.
completély withdrawn from the wet well before any work can

be carried out.

In view of the above descriptions, it is reasonable to consider
that the advantages expected from the adoption of submersibie pump

overcone the disgadvantages.
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