3

Alternative Site Plans for Treatment Facilities

There are con31derable number of alternatlve plans available.
accordlng o number of treatment facilities located in the Study
Area and’ to their various candldate lands avallable and locatlons.

In case of _one treatment delllty for the entlre Study Area,
which is one extreme case, the following merits and demerits can
be expected; '

(1) éaSy_operatioﬁ'and maintenance because of one
treatment facility

(2) overall construction cost will be high- bécause
of long trunk sewers to- connect to the one
treatment facility from all over the area

(3) lakrge number of intermittent purmping.Stations_
can be needed .

(4} "acquisition of such a large land will be very
dlfflcult

(5) influénCe to the water quality of the receiving

water course discharging a large amount of
effluent from one place

The following con51derat10rs are given selectlng candldate
locations for treatment facilities;

"{1) convenient place to collect sewage generated in
sewWeradge zone in a minimum cost

(2) receiving water courses of treated waters should
be running near-by

(3) overall sewer length should be short

' {4) number of pumping stations should be small

{5) availability of lands

Taklng 1nto account of the various items noted above, a
alternatlve site plan for ‘treatment facilities, which is
considered the best in terms of engineering aspects, shown in

Figure E-5, was made and brought to discussions with the
agencies concerned,
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This'ﬁlan cbnéists of 10 sewerage zones wilith treatment
facility in each zone.

. Due mainly because of previous commitment .of the lands for
treatment facilities, the sewerage layout plan {(Figure E~5) was
modified as shown in Figure F-6 based on the suggestion given by
T.C.P., MADA, and MPKS. '

~ The modified treatment sites plan (Figure E~6) was further
commented by the State Government as finally proposed in Figure
5.2 of Section 7.2.1 in Chapter 5 in the wmain text.
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APPENDIX F

LAND REQUIREMENTS FOR SEWERAGE FACTLITIES






l._ '5 General

Most of sewers are 1&16 6n-phe public'roads,_thetefofe; o,
land acquisition is' required. However, a 'large land is needed
for ‘construction of each treatment facilily and pumping station.

2. Pumping Stations

, In'ﬁevelopingreqﬁatidn'for 1§ﬁd:areafrequired, three each
differént stations with capacities of 0.1 w3/sec, 0.4 m3/sec
and 0.8 w3/sec were designed and obtained as resulted in Table
1. ' :

“Table F-1 Required Site Areas for Pumping Stations

Peak flow, m3/sec - 0.1 0.4 0.8

Area, 'm2 220 295 530

.Thé relationship between peak flow and site area is -
- illustrated 4in Figure F-1. ' The equation can be expressed as;

8y 21450'7.Qp.+ 153.0

" where  Sp : Site area, m2
~ Qp't Peak flow, m3/sec
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3.0 Treatmeht'Facilities'

On fhe ba31s of layout plan of four dlfferent capacities,
-__namely 5,000 m /day, 10,000 m3/aay, 30,000 m3/day} and 50,000
m /day for the three different Lreatment processes, site areas

' requlred are obtaaned as shown in Table F~2 and Flgure F-2,

Table Fe2 Requlred blte Areas for Treatment
Fa01lltles by Process .

_(ha)
' Dally Average rlow _ . ’ _
S (m /day) : -
ereatuont 5,000° 10,000 30,000 50,000
Process
Stabilization Pond. | 6.64 12,40 34.54  ‘5g.e3
Aerated Lagoon 473 8.80 21.16.  28.56
Oxidation Ditch 1,20 1.70 4,70 7,30

From tHis tabie, equatlons were developed as follows;

(a) Stablllzatlon pond process -

S =.0,0021 QO -242

(b} - Rerated lagoon process

S = 0:0060 QO 787

(c) Ox1datlon ditch process

S = 0.0011 ¢0.807

Where § : .Reqﬁired-lahd area, ha
Q@ ¢ Daily average flow, m3/day



(ha)

Required land aresz
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Figure P=2 Required site area for treatment
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1. Cost Estimating Procedures for Sewers

1.1 - General

In the master planning of sewerage systém, First of all alterna-
tives of trunk sewer routes should be' considered and evaluated in
order to establish the most desirable plan. Cost egtimates of
these alternatives are made by estimated sewer laving costs for
various sizes ahd_depths:for conveyance gystem on the basis of
1979 price level in Kedah State. :

1.2 Construction Costs

Construction costs of the master plan implementation will be

~ ‘defined as the sum of all expenditures required to bring ‘the im-
‘Plementation plan. to completion., Theése expenditures are divided
into direct items and indirect items. The direct items include
‘excavation of trenches, laying and construction of sewers, and
all the related construction works including indirect items and
any other expenditures expected, In this study, preliminary
designs have first been made to obtain quantities and then these
have been multipliéd by appropriate unil prices to cobtain the total
costs of project components. For the indirect items, 20 percent
was added to the direct items. ' '

1.2.1 - Basic Costs

In estimating the construction costs of the facilities, unit
costs for domestic items such as labour, materials, power, equip-
rent: and transportation, and items imported such as materials and
equipment, were collected through agenciecs concerned and checked
by the survey team staff. '

Labourers required for the sewerage constructions will include
a wide range of occupational categories, from common labourers to
skilled operators for heavy equipment. The current (1979) appli-
cable labour costs for various types of labour. in Kedah State are

from M§ 11 to 24 per day as given in Table G-1.



Table G-1  rabour Coste

Type of Lébourer 7 MS/day
Conmon worker _ _ ' 11
Skiiied worker. 20
Carpenter o ' 20
Stone masonry - _ 20
Plunbear - ' 20.
Foreman _‘_.' : _ 24

Data source: JKR

Generally, for éénstrUCtion”of_structures, inéluding pumping
stations and treatment facilities, most of the materials required
are available, except mechanical equipment which will be. imported
ihternatimnally. -

- . Reinforcing bars, timber, sand and gravel fdr'Concrete products,
vitrified clay pipes,' and Centrifugaily1Cast%feibefced_concrete
pipes (less than 1,800 mm in diameter) are available in Malaysia.
The unit price_of these basic matefials_a;e_givén,in the Tables
G-2, 3, and 4. .

Land acquisition cost in 1979'price level in the Study Area
is estimated on the basis of information obtained from State Land
Office as shown in Table G5, Figure G-1.



_Table'c—g Price of Basic Materials - (1)

Price (MS)

‘ITtem Unit

Cement ton 157,50
sand w3 6.60
Crushed stone “m3 22.00
Steel bar ton 1,250.00
Timber m3 15.00
Vitrified:ciay pipe

#8150 m 20.00

$225 m 3853

$300 m 72.90

Data source:

{1} JKR of Kedah State and ED of Penang State

(2) Unit costs obtained from ED were adjusted
to suit in Kedah State. :

Table G-3 Priée of Basic Materials - (2}

‘Ttem

Unit

Price (M§) Remarks
Ceﬁtrifqgally;cast-ré— ‘With high alumina
inforced concrete pipe Cehment mortar lin-—
(mm in dia.) ings and_rubber ring
#4150 m 23.80 :
#225 m 33.60
- 4300 m 40.70
4375 I 56.60
$450 o . 68.00
#525 m 80,50
#600 m 89.90.
#675 m ©112.80
#750 m 124. 30
#900 m 163.00
#1,050 n 205.60
#1,200 m 226.40
#1, 350 m '287;60_
#1, 500 m . 331.20
#1, 800 n 433.10

Data source: Hume Industyy at Butterworth
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Table G-4 Unit Costs for Constructiqn (including labour and materials)

Ttem Description Unit Cost (M$)
. : —

Concrete mix. 1:2:4 m3 156,90
" mix. 1:3:6 " .124.20
Reinforced concrete " 3i3;70
Mbrtar worksa mix. 1:2 " 186.50
mix . 1:3 " 182.10
Excavation 'open cut: " 2.30
" trench (depth 0-1.5m). " 4.70
" " (" 1.5-3.0m) " 8,60

" _ " ( " 3.0-4.5m) " 11.50
" - " (" 4.5-6.0m) " 15.10
" " { ™ 6.0-7.5m) " 18..90
N " {( " 7.5m - } " 22.50
Backfilling and _ " 3.00
Form workgompaCtion m? 8.20
Dewatering day 24.00
Restoration of paving 2 lTTlQ
© Masonry works m3 71.00
Turfing . m . 1.60
Sheeting by timber (depth 1.0-2.0m) = m 7,12
" : (" 2.0-3.0m) m T 9.83

" | (" 3.0-4.0m) m 17.46

Steel sheet-pile works { " 5.0-6.0m) n 175.00
" O 6.0-7.0m) m 242.00
" ( "  7.0-8.0m) 218.00

" ( . 8.om -~ )

258. 00

Data source: JKR of Kedah
contractors

State, ED of Penanqg State, and Local



Table ‘G~5 Tand valué in the Study Avea

Ref. No. o  Ref. No. : : :
(Refer to G-1) Cotegory . Long Vaiue, o (Ref.to G-1) Category - Land Value -
I {a) $ 4860 7 - 2 (p) $ 129.2/ me-
{b) f 32.3 o {c) $ 2153/ me
2 a $ 4REQrh : 2.5/ me
%b;. ‘ §;‘ 323, muz ) {c) S 431/ me
' teb 8. a3 /me _ 24 {a) $  56.70/hd
3 {a) $ 5260/hu o () $ 215/ m
(L) $ 323/ m ic) $ 538/ m
<« 2 .
(el $.938/m . 25 la) . 3 " 8090/he
4 {a) $ 6'0:‘.-"0/?13 (b} $ 2187 ae
; 8090/ ha
t‘f; v 636/ m (b) $ 215/ me
5 a 7280 /h . _ -
{b) ! 451 4 me _ 20 o) $ 7280/ho
(c) £ 861/ me : 28 [(a} 3 10120/ha
: ' : : () 43
o @ % 7280/ng @ § a%l/m
b © 4317 me B
(¢} % sg‘ 7 e 9 {a) $ 89007ha
) ‘ (b) $ 32.3/me
7 tb) § 53.8/m {c) $ 753/ me
' tc) 5 10 7.8/ m 20 : ’ ;
8 . {a) $ 8090/ha : %‘;} ‘ % '?5'3%',12
: {b} S 4304/ w? _ “(c) $ 861/ me
(c) S BE N/ mE 31 (o) & 971G
S T o § g
- me s . ' H .
(c) . . § 7537 m : {c} $ 8617 me
: : ’ T 32 : T -,
10 () $ B300/ha (O.)' $ 7280/
} : . : {h) $ 218/ m
{b) $ 43 1./ me 33 - X .
“{c) £ 861/ me - EE; : g gogo_/ha
. e . o . 2
o (b) $§ 53.8/m : (c} 3 10"2! gjmz
{c}) SI61. 57 m 34 ( Cea
i g al . 01
12 (o) $. B900/m {b) g 232{(')//22
(b 5 323 rme. . )
( z eI $ 150.7/ me
(¢) $ 1076, 2 . .
. 35 (a) $ B090/ha
13 m $ 8900/ hg :
bl S 4394/ e : 36 {b) $ 646 /me
_ ~{c) S 1292/ w : {c) $193.8/ me
i4 {o) © % 8090/ho : 37 1b) $ 646 /me
(b))’ $ 323 /m () $2153/ m
le) -~ "% 1076700 38 (b} $ 646/ m
15 b} $129.2/mw () $ 2153/ m?
| {c) $ 2153/ m 3 0 W) 0§ 430/ me
16 (b) $ 1507 je : o e $193.8/
ey, v 269.0/ e 40 (b $ 439/ m?
i7 {b) $.129.2/7m (e} $ 16157 m?
. o (c} S 2153/ me a EQ) S |U.]20/_h0
i8 {b) S 6.5/ m b) % a3/ me
{c) $ 3229/ m . el 316157 me.
19° (bl % I61'5/ : 42 bl $ 431/ m?
(c} $ 37290 we (c} $ 129.2 7 a
' o 43 fa) - $ 10120/ho
20 (g 5 10120/ ha.
(b)) S 1076 /w2 b} % 431/ m?
fc) S 2153/ . te) 86t/ m
21 (b} - S (6157 m? . 44 _ {b} 21076/ me
{c) £ 4306/ m? ) $ 215.37 m

Note:' "The land value in each block is classified into
- four categories as referred above, such as
-(a) paddy area, (b) residencial area, (c) =
commercial area, and (d) "industrial area.

- continued -
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. Ref. No.

(Ref.to G-1) Cotegory

45

46

52
53

54
55
56 .
57

o8-
59

(7]

62

63

“{b}

{b)
{c)
i)

tal
(a}

tb.
{c:

{a)}
{a)
tai
(o)
bl
la}

{o}
{b
{ ¢}
Y
iel
{ b}
ic!
fa}
{h,

{a)

(b}

&4

€5

67

68
69

70

71
7e

Note:

(o)

tb}

le}
ihi
{cl)
5}

fed
o)
L)

(1)
{ b}
{c)

{a)

b}
(¢}
{a}

{a)
(1)

$
;]
$
s
$
b
"% 5070sho
$
3
)
$
$
:

W D YT DR DA A s A O

Land Volye
6496 /e
16 1.5/ m?
8093/ ho
21.5/ m?

7280/ by
205/ me

4860°ha
"4860/ha
7280/ha
21.5/7m
 4B60/ha
8090/ ha

32.3 /me
861 /e

&)

S .

S 6070/ha
$ 54%0/ha
$ 5460/ho
$ 6070/ha
$ 215 /m
$ '?28_onm
$ 8093 /hka
$ 43t/
$
3
S
$

215.3 7/ me-

4650/ ha
215.3 7 m2

538/ m?
236 B/ me

2090/
4G50 /ho
405Ch

Ref, No. .
{Ref.to G~1) Category

S 73
74
‘7O

7€
7T

78

79

g0
81
82

83
84
85
&6
87

88

89

20

91
- 92

93

24

25
96

(a}
{a}
ta}
{b)
{al

{b)
el

o'
{c)

(b}
(e}
()
{s}
(o}
(bl
{c)

(b)
{c)
(d)
b
{c:
{d}

(b}

{c) .

{n)

el

(b}
{c)

ta)
{bi

ib)
{c)
(d}
(e}
(b}
(a)
(g,

3

$

S
S H0T6 / me
$

S

wd;}

$ 5C70/ha
$ 8090/
$ 8902sha
3237/
112 O/ha

431 /me

5.3 7 0¢
1292 s/ m?
$ 16157 me -
$107.6 /7 me
$461. 5/ me
$ a4z 17 me
S 129z, me2
5 1C120/ha
S 430/ m
3

5

S

$

S

3

$

S

$

£

)

5 8900/ ha

g 32.3/m2
$ B8900/ha
¥ 323/
$ 431/ me
S 1076 /mz
S 161.5 7/ me
$ 10120 /ha
$ 4310/ me
$161.57 mz
$ 8090/ho
$ 323 /me
$ 1076 /m?
$

$

$

$

¢

$

$

3

$

$

3

64.6 /m?

6070/hn
- 2L5 7 m?
431 / me

21.5 /me
431 ./ mz
6‘4_6 / me
4860/ ho
21.5 /m:
3G40/ha
36 40/ha

‘The . 1and value in each block isg classified into
four categories as referred above, such as

(a) paddy area, (b) re_SAidéncial area, {(c¢)
commercial area, and (d) industrial area.
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Construction Costs for Sewers

] Prior to Lhe estimation: of the COﬁbtrUCthD CO&tS; qtudles
on methods of construction and selectlon af sultable construction
materials have been made taklng various ‘factors into account,
including the ablllty of 1dcal contractors and avallablllty of
local materials.

In general, all sewers shall be laid under existing planned
road except that the conditions allow the pipe. laying inside.
private house plot. Bxcavation shall qenerally be made by trench
method with sheetings depending upon soil conditions’ and depth
. to be excavated. 'In the: majority of locations, the g0il will be
primarily soft eclay and sand and the high ground water table will
be encotntered. '

In those areas of. prlmarlly qllty soil, tight sheeting and
bhracing will be required with a depth of 2.0 meteree or deeper.

Construction costs for sewars’werc estimated for the sewerage
system, ‘taking intc account the known or estlmated costs of ex-
cavation;, sheetlng, dewat_erlngir beddlng, pipe supplylnq and laylng,
concrete plac1ng, form works, re;nforc1ng, restoration of paving
' and contractor's proflt and overhead.

Construction coets of sewer by size and depth are summarized
in Table G-6, and manhole in Table G-7.



Table G-6 Congtruction Costs of Sewers

(M$/m of pipe length, at 1979 price level)

Pipe Dia. E Depth of Excavation {(m)
mmo . pp 3.0 4.9 5.0 . 6.0 7.0 8.0
225 148 176 202 a53 562 - -
300 197 225 251 . 451 610 - -
375 169 197 224 474 587 611 -
450 200 230 257 509 620 650 -
525 224 250 283 537 653 681 810
600 254 288 318 580 693 735 875
675 308 345 378 645 762 811 1957
750 33 372 405 675 792 845 995
900 413 455 491 769 891 955 1,119
1,050 496 543 582 868 994 1,068 1,246
1,200 555 608 650 942 - 1,072 1,157 1,346
1,350 662 717 761 1,060 1,193 1,286 1,484
1,500 755 815 862 1,169 1,305 1,402 1,620

Table G~7 Construction Costs of Manholes

{(M$/Unit at 1979 price level)

{

‘iiternal — Depth {m) .

Size (mm) 3.0 4.0 5.0 . 6.0 7.0 . 8.0

1,200 1,864 2,164 2,503 2,778 3,071 3,346
1,500 2,102 2,548 2,800 3,074 3;368 . 3,642

1, 800 (4 2,162 - 3,416 3,689 3,984 . 4,257

Note: (1) Internal sizes of manholes are decided by that of sewers
connectéd to the manholes. -

(2)_Less than 900mm of sewers connected.
(3} 900 - 1200mm of sewers connected.

(4} 1,200 - 1,500mm of sewers connected.
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2. Cost Function for Pumping Stations

2.1 General

Pumping stations are requ1red at most of the treatment fa0111tleq
sites and at other locations where sewers should be laid at unreasonable
depth if pomp is not installed.

Cost function curves were prepared covering the all ranges of peak
flows and of the depths of inflowing condu1ts which vary according to
sites.

In developing cost functions for pamping stations, cost estimates
were made for three cases of different capacities (0.1 m3/Sec, 0.4 m3/Sec,
0.8 m3/Sec) and additional three dlfferent cagses of inflowing depths of
conduits (éem, 8m, and 10m).

Flow sheet for the stations is giveh ags follows ;

Inflow Bar. = | 'Pump _ !m;;;“ l to conduit
0> sgreen T Well b > 4 I - >

Cost estlmates for mechanlcal and electrical eguipment 1nstallat10n
were made on the basis of guotations obtained from various manufacturers
in Japan, including allowance for freight, 1nsurances, customs dutles,
transportatlon and installation.

Cost estimates for civil works were made based on preliminary
drawings. :

Construction cost for each case includes civil works, pipings,
mechanical and electrical equipment, and other appurtenances plus over-
head cost, which is 20 percent of total cost, as summarlzed in Table
G~8, :
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Table G-8-1

Construction Costs of Pumping Stations of
6m Depth with Varying Pump Capacities

(

1979 prices )

_ M$1, 000
Capacity Civil works & Machiﬁery ' ' ' Total T
_{m3/sec) Building & Electricity 2
0.1 192 85 277
0.4 299 380 679
0.8 526 588 1,114

Table G~8-2

Construction Costs of Pumping Stations of

(1979 Prices

8m Depth with Varying Punmp Capacities M$1,000)
Capacity .Civil works & Machinery
) cq s e . Total
(m3/sec) Building & Bléectricity
0.1 225 92 317
0.4 366 414 780
0.8 647 631 1,278

Table G-8-3

. Construction Costs of Pumping_Statiohs of

(1979 prices

10m Depth with Varying Pump Capacities M$1,000)
Capacity Civil works .Méchinery rotal )
{m3/sec) & Building & Electricity ota
0.1 279 110 389
0.4 447 453 900
0.8 795 665 1,460
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2.2 Cost Punctions

As illustrated in Figuve G-2, the cost function of pumping
stations can be expressed in a linear form such as ;

Cp = a@ + b
where Cp : Construction cost, M$1,000
Q : Peak flow rate, m>/sec

a.b: Constants

The constants, "a" and "b", are obtained by the:least square
solution for three different depthes, and these cost functions can
be expressed as ' '

Cp = 11892.9 ¢ + 174.4. (H

_ = B.bm)
Cp = 1365.9 Q0 + 199.8 (H = 8.0m)
Cp = 1523.0 Q + 256.4 {H = 10,0m}
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3.

3.1

3.2

Cost Functions for Tréatment Faclities

General

A relation is found between varying treatment cépacitléq and the

" resulting construction costs in a form .of function for each three

conceivable tredtment processes appllcable in the Study Area, namely

stabilization pond, aerated lagoon and oxidation ditch. Thesée costs

were estimated by de51gn1ng the facilities for the three different
treatment processes by varying the treatment capacities of 5,000,
10,000, 30,000 and 50,000 m3/day.

Stabilization Pond Process

The flow sheet of the stabilization pond process is given as
follows ;

-

Inflow ﬁmJ Facultative Pond ey Maturation;__“mmmhnmﬂﬁfluentlﬁ>

| _ . ' - Pond
oo o . t - t

Based on the design criteria in Section 5. 3, Chapter 5, and
reasonable design conditions and drawings were worked out for
estimating construction cost.

(i) stabilization ponds have 1.5 metres ligquid depth with
one to one side slope, stone-pitched ;

(ii) for ease of operation, maintenance and control, the maximum
surface area of pond is limited to 3 ha with a length to
- breadth ratlo of about 1 to 1.5 or 2 ;

(iid) the_ponds are lined with a 0.3 metre layer of impervious
clay material ;

(iv) the top width of embankment has 6 meters to permit access
of maintenance vehicles ;

{v) the pond area is enclosed with a suitable fence to preclude
livestock and discourage trespassihg ;

(vi) treatment facility site is surrounded by a minimum of -

10 meters wide strip of land
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Figure E~2 in Appendix E shows conceptual layout plan for stabiliza-
tion pond. '

The construction costs of civil works were estimated on the
basis of material costs and unit costs for construction at 1979
price levels. '

Table G-% shows estimated construction costs including 20
percent overhead. ' :

Table G-9 Construction Costs for Stabilization Pond
Process with Varying Treatment Capacities

: (M$1,000)
Capacity _ '
m3/daY - 5,000 10,000 30,000 50,QOO
Item ' '
Civil Works . ) ' '
. : : 3,72 881
& Building 705 1,062 22 5,
Machinery & _ _ _ -
Electricity
Total 705 1,062 - 3,722 5,881

As illustrated in Figure G-3 the cost function for stabiliza-
tion pond process can be expressed in a linear form as :

Cs = AQ + b

where
Cs : Construction cost, M$ 1,000
Q : Capacity, m3/day
a.b : Constants

The values of "a" and "b™ are obtained by the least square
sclution as 0:1173 and -38.99 respectively. '
Hence, the cost function can be expressed as :

Cs = 0.1173 .Q-38.99 (@ > 500 m3/day)
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Figure G-3 Construction cost for stabilization pond process
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3.3 Aerated Lagoon Process

Flow sheet of the aerated lagcoon process is given as follows:

. . M“""_! l“_' T """'_ I .
_Inflow . Aerated ! .~ Maturation ; ~ Effluent .
Lagoon 41 Pong l 7

Based on the design criteria in Section 5, Chapter 5, and
reasonable design conditions as described hereunder, preliminary
design and drawings were worked out for estimating construction cost.

{i) aerated lagoons have 3 meters liguid depth with 1 to 1 side
slope, 0.3 metre stone pitched thickness to protect against
the scouring effects by surface aerators ;

{ii) for ease of operation, maintenance and control, the maximum
: surface area of pond is limited to 3 ha with a length to
breadth ratio of about 1 to 1.5 or 2 ;

(iii) ponds are llned with a 0.3 metre layer of impervious clay
material ;
(iv) - top width of embankment has 6 metres to permit access of

maintenance vehicles ;

{v) ~ pond area is enclosed with a suitable fence to preclude
livestock and discourage trespassing ;

(vi} treatment facility site is surrounded by a minimum of 10
metres wide strip of land ;

An conceptual layout plan for aerated lagoon is given in
Figure E-3,. Appendix E. .

Table G-10 shows. eqtlmated construction costs 1nclud1ng 20
percent overhead cost.

The construction costs of civil works include for ponds,'
sedimentation. cell, inlet and outlet works, ménholes, drain. of the
‘site, fencing, turfing, and site roads and embankments. The in-
stallation costs of machlnery and electr1c1ty equipment were
estimated on the basis of quotations of manufacturs in Japan, and
allowances were made for the costs of freignt, insurance customsg
duties, transports to site and installation.
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Table G-10 Construction Cost for Aerated Logoon Process
with Varying Treatment Capacities

x‘capacity _

., (m3/day) 5,000 ' 10,000 : 30,000 50,000
Trem ™ ; : : _

N
civil works & -
Building 605 . 1,086 2,590 3,584
Machinery &
! 7 ‘ ,0:

Electricity 24 453 _ 1,039 _ 1,348

Total - 852 1,579 3,629 4,932

As illustrated in Figure G-4, the cost function for aerated
lagoon process can be expressed in a linear form as

Ca=a@Q+b
where
Ca Construction cost, M$i,000

o Capacity, m3/day
a,b : Constants

The values of "a" and "b" are obtained by the least sguare
solution as 0.0902 and 605.4 respectively.
Hence, the cost function can be expressed as :

CA = 0.0902 O + 605.4
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3.4 Oxidation Ditch Process

Flow sheetb of the oxidation dltch Process is given as

follows,
Inflow . | oxidation Sedimentation Effluent
LN b — : X — e

f Ditch Basin

| e

]

1

1

Excess Sludge

Drying Bed

Based on the design criteria in Section 5, Chapter 5, and

reasonable design conditions as described hereunder, preliminary
design and drawings were worked out for estimating construction

cost.

(i)

(1)

(iii)

{(iv)

(v)

(vi)

{vii}

Oxidation ditches have 1.5 metre liquid depth with
1 to 1 side slope, 0.3 metre stone pitched ‘thickness
to protect against the scourlng cffects by mechanical

“brush aerators;

For ease of operation, maintenance and control, the
maximum total length of ditch is limited to 300 metres

cand the maximum width of ditch 7 metres;

Hitch is lined with a 0.3 metre layer of impervious
clay material;

Top width of embankment has 3 metres;

Shape of sedimentation basin is circular type and
its maximum diameter is 20 metres;

Ditch area is enclosed with a suitable fence to
preclude livestock and discourage trespassing;

Treatment faC111ty site is surrounded by a. mlnlmum
of 10 metres wide strlp of land.-
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A conceptual layout plan for oxidation ditch is given in
Flgure E-4, Appendix E.

Pable GHLl shows estimated construction costs including 20
percent overhead cost.

. The construction costs. of 01v1l works include for oxidation
~ditch, sedimentation cell, inlet and outlet works, manholes,
drain of the 51te, ‘sedimentation basin, chlorination tank, drying
bed, fencing, turflng, and site roads. The 1nstallatlon costs
of machlnery and electricity equipment were estimated on the
basis of gquotations from manufactures in Japan, and allowances
were made for the costs of freight, insurance, customs duties,
transports te site and installation.

Table G-11 Construction Cost for Oxidation Ditch
Process with Varying Treatment Capacities

Capacity

n3/day) 5,000 10,000 30,000 - 50,000
Civil Works 505 984 2,442 4,066
Machinery & 724 1,364 3,925 6,672
Electricity '

Total 1,229 2,348 6,367 10,738

As illustrated in Figure G-5, the cost function for
aerated lagoon process can be expressed in a linéar form as;

Ca ~ a0 + b
where Cp @ Construction cost, M$1,000

0 : Capacity, w3/day
a.b: Constants

The values of "a" and "b" are obtained by the least square
solution as 0,2099 and. 184.9 respectively.

Hence, the cost function can be expressed as;

Cap = 0-20990 + 184.9
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Figure G=-5 Construction cost for oxidation ditch process
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4. Operation and Maintenance Costs

4,1 General

Generally, comprehensive sewerage system consists of sewers,
pumping stations, and treatment facilities. In order to maintain
these facilities considerable expenditures are required, including
salaries for operators and labours, electricity, chemical, pur-
chase of cleanlng equlpment, replacement costs, machine oil,
repairing cost, etc.

Cost function for sewer maintenance, operation and maintenance

of pumping stations and treatment facilities are developed res-
pectively as below.

4,2 Sewers

Maintenance costs for sewers were estimated based on the
following assumptions;

{a) Frequency of cleaning for public sewers (trunk
sewer and branch & lateral sewer) is once in

every four years.

(b} Freguency of cleaning for house connections is
: once in every ten years.

(c) Ability to clean by one team for public sewers
is 200 m/day. :

(d} Useful life of the cleaning eguipment is 10 years.
(e) Team member for public sewers is 6 persons.
(f) Team member for house connections is.3-persons.
{g} Costs for spare parts, repairing, overhauling

of equipment are flVe percent per annum of

.equipment cost.

{h} Annual rehabilitation cost of sewers is 0.5
percent of construction cost.

(i) Working days and hours

Working days are 300 days/year
Working hours are 6 hours/day
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(i) TLabour cost is M$11l/day.

(k) Price of power driven bucket machine to clean
sewers is M$112,000/set,

Pumping Stations

In developing the cost functlon, followings are assumed
in advance;

(a) Daily average number of operator is 0.5 person
per station,

(b} Electricity is assumed at M#8/kWh, and average
salary of operator is assumed at M$20/day,

(¢} Cost of repairs and replacement of part are
estimated at 1 percent of capital cost of
civil works and 2 percent of mechanical and
electrical works.

The operatibn and maintenance costs by capacity were
then estimated as shown in Table G-12 and Figure G~6.

Table G-12 Annual Operation and Maintenance Costs
for Pumping Station by Capacity

~ Capacity _
m3/sec) 0.1 0.4 0.8
Ttem .
. Salary 3.7 3.7 3.7
2
. Electricity 10.5(1) 44.2( ) 103.7(3)
. Repairs & 3.9 11.8 18.7
Replacenent of part
Total 18.1 59.7 126.1

Note: (1) 7.5 kW/No. x 2 Nos, x 8,760 h x 0.08 MS/kWh

(2) 21.0 kW/No. x 3 Nos. x 8,760 h x 0. 08 M$/kwh
= M$44,150

(3) 37.0 kW/No. x 4 Nos. x 8,760 h x 0.08 M$/kWh
= M$103,718
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- As illustrated in Figure G-6, the cost function of pumping
stations can be expressed in a linear form such as;

Cyup = aQ +'b
where .CMP : Annual operation and maintenanc
cest, M$1,000 '

0 : Peak flow rate,. m3/sec
a;b : Constants

‘The constants, "a" and "b" are obtained by the least
square solution, and these cost functions can be expressed  as;

Cyp = 154.92 Q0 + 0.74
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4.4

Treatment Facilities

Cost functions for three different treatment processes,
namely statilization pond, aerated lagoon, and ox1dat10n
dltch, are developed.

In developing the cost functions for treatment facilitlies
followings are assumed:

{a)

{b)

{c)

Daily average number of operator is 2 (two)
persons for 5,000 m3/day plant and 2.5 persons
for 50,000 m3/day plant for stabilization pond
and aerated lagoon processes,

For oxidation ditch proceSs 4 (four) persons for
5,000 m3/day plant and 8 (eight) persons for
50,000 w3/day plant are reguired,

Electricity is M¢8/kWh and average salary of
operator is M$20/day, and

Repairs and replacement of parts are estimated
at one percént of capital cost of civil works
and two percent of machanical and electrical
works,

The operation and maintenance costs by capacity and
treatment process were then estimated as shown in Table G-13
and Figures G-7, G-8 and G-9.



Tdble G-13 Annual Operation and Maintenance Costs for
Treatment Facilities by Capacity and
Treatment Process-

S {M31,000)
Capacity .
m3/day) 5,000 10,0006 30,000 50,000
Ttem ‘
(a) Stabilization Pond
. Salary 14.60 14.97 16.79 18.25
. Electricity, etc. - - ' - -
. Repairs & Replacement 7.05 10.62 37.22 58.81
of Parts
Total 21.65 25.59 54.01 T7.06
{b)  Aerated Lagoon
- Salary 14.60 14.97 16.79 18.25
. Electricity, etc.. 31.54 63.07 189.22 278.43
- Repairs & Replacement 10.99 20.73 46.68 62.80
of Parts
Total 57.13 . 98.77  252.69. 359,48
(¢) Oxidation Ditch
- Salary 29.20 43, 80 51.10 58.40
. Electricity, etc. 61.25 122.50 407.16 685.80
Repairs & Replacement 19.53 37.12 102,92 174.10
of Parts
Total 109.98  203.42 561.18  918. 30
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On the basis of these figures in Table G-13, cost for
apnual operation and maintenance of treatment plants were
obtained as follows;

{1) For stabilization pond process

Cys = 1.263 x 1090 + 14.55.
(ii) For aerated lagoon process

Cyp = 6-768 x 10730 + 31.29
(iii) For oxidation ditch

Cuo = 1.793 x 10720 + 22.29

where Cugr Cuar Cmo ¢ Annual operation and maintenance
: costs, M$1,000/vear
Q : Daily average flow, m3/day
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APPENDIX H

ESTIMATION OF CONSTRUCTION COST FOR BRANCH
AND LATERAL SEWERS






UniL Constructlon Cost Estimate° for Branch dnd
Lateral Sewers

As deScrjbea in Section 10.2 in Chapter 5 of Sewerage
Master Plan Report,.all publlc sewers {consisting of trunk and
branch/lateral sewers) in the "urbanized and/or urbanizing
area" and trunk sewers in the future development areas will
be provided by the Government. However, branch and lateral
sewers in the future development areas will be mainly provided
by developerq :

The constructlon costs for the trunk . Sewers, which
are. described in Section 7 Chapter 5in Main Report, ave
estimated by utilizing the method discussed in Section 1,
Appendlx G, while the construction costs of branch/lateral
‘sewers in urbanlzed and/or urbanizing areas" and "the future

_development areas" ave estimated by applylng the ba51c unit

costs derived by the reasonable prellmlnary englneerlng
design of sewer networks upon the areas representing typlcal
condltlons of the two areas as shown in Figure H-1 and Flgure'
H-2 resPectlvely. :

Based .on Figure:H—l, entire sewerliengths for branch and -

_lateral sewers are measured in varylng sizes in a typical

urbanlzed/urbanlzlng area as shown in Table H~1 with additional
major items for further constructlon cost estimates as follow.

Table H-~1 'Uﬁit.COnstruétibn Cost for Branch/Lateral _
Sewers in Urbanized and/or Urbanizing Area

‘Total area ... (1) = 167.8 ha
Area of open space, mosgue 24.6 ha
cetc. ol -A{2) : :
- @ : 143.2 ha
Sewers ' 225-300 mm dia.
' Total length: 15,760 m
Sewer iéngth per ha llO:m/ha
Total construction cost M$3,672,080

for sewer

‘Construction cost per ha _ "M$25,643/ha
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It should be noted that the branch/lateral sewers in
public areas (such as schools, mosques, open spaces, etc,)
as well as housing development areas completed/planned are
excluded from the seWer:lengths measured and unit construction
cost estimates in Table H-~1.

Table H-2 shows the component areas of seﬁérage:zones-as
to (1) urbanized and/or urbanizing area, (2) future development

area, and:public areas and housing development areas completed/
planned.
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Slmllarly, based on Flgure H-2, entlre sewer lengths for
branch and lateral sewers are measured in varying Sizes in a -
typical existing housing development area as shown in Table -
H-3 with additional major items for further construction cost
estimates as follow. :

Table H~3 Unit Construction Cost_fbr'Branéh/Lateral
Sewers in Future Development Area

Total Area ... (1) : | 122.0 ha

Area of Open Space, School, "15.9 ha
Mosque, etc. ... (2)

(L) - (2} . : - 106.1 ha .
Sewer Facilities ' 225-300 mm dia.
Length: 3,225 m
. s h _ '
Government _;ewer Length per ha 30_m/ha
P i , : '
ortion Construction Cost _ M$1,035,225
Construction Cost ’ : M$9,757/ha
per ha
Sewer Facilities 225 mm dia. :
) ’ Length: 13,475 m
Private Sewer length per.ha : 127 m/ha
P K
ortion Construction Cost - M$2,681, 525
Construction Cost - M$25,273/ha
per ha '

It should be noted that the coastruction cost for the
branch sewers (shown in thick ‘lines), connecting the branch/ -
lateral sewers (shown in thin lines) serving sectional areas
to the trunk lines in Figure H-2, will be contributed by the
GOVErnment, and the remaining cost for branch/lateral sewers
are considered to be raised from direct beneflclarles. Here,
these sectional areas with a range of 5 to 10 ha are assumed
to be developed by developers based on a survey data obtained.
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Lateral Sewars in the. Study Area

Proposed Flnan01al Sources Construction Branch and

_ Table H-4 summarizes estimated total lengths of branch/
lateral’ seWers in both "urbanlzed/urbanlzlng areas"

L "future development areas" for each. sewerage zone.
Further, the same table provides construction costs to be
contrlbuLed from the Government and Private soUrees.

Pable H-4 Proposed Financial Sources Conetructing Branch/
Lateral Sewers in the Study Area

(M$l Q00 at 1979 Prive Level)

Name of _Government Contribution Private Co trlbutlon_
Sewerage Dia. Length | Construction | bia. | Length |Construction
Sub-zone (nﬁu. (ﬁmﬂ Cost. (o) | (ni) Cos?
A -1 225300 . 29;140 6,933 225| 6,480 1,288
A~ 2 1225-300 | 20,820 5,768 225 42,040 8,365
B- 1 | 225300 | 39,691 9,279 225| 1,270 252
B - 2 225-300 | 20,900 2,863 225| 35,790 7,121
B -3 325-300 | 6,780 | 1,699 225 5,460 1,086
c-'1 | 225-300 | 18,460 4,374 225| 3,300 657
Cc .~ 2 225-300 | 19,540 5,442 225| 40,770 8,112
D1 225-300 36, 450 8,569 225| 3,300 657
D~ 2 225-300 | 15,140 3,954 225 19,560 3,892
-E 225? 300 8,180 . 2,052 225 6,650 '1_,324
Total 215,100 50,933 164,620 33,754







APPENDIX I

SULFIDE CONTROL METHODS'






Introductidn

Hydrogen sulflde and other undeolrable gases aSSOClated with
the operation of sanitary sewers are produced in an anaerchic,
environment. fTherefore, the key to their contrel is keeping the
wastewater aeroblc‘ ‘It has been observed that the rate of hydrogen
sulfide buildup is closely related to sludge accumulation in the
sewer. In other words, a well-designed, self- ~cleansing sewers
qhould have 11tt1e trouble from hydrogen sulflde,

Hence, the follow1ng three meLhods aro brought up for sulflde
contirol. : ‘ .

a, Keep suff1c1enf flow veloc1ty to prevent ‘sulfide bu1ldup with-
out spe01al sulfide corrosion protectlon measures.

'b. Use anti- sulflde corrosion plpe or lining pipe without’ sp901al

ve1001ty control where sulfide: bulldup is expected,
c. Inject air’ to keep sewage aeroblc w1thout spacial cons;deratlons

on flow velocity and pipe material, ’
Sulfide'Contrdiling”vélocities

The equatlon relatlng flow VelOthleq to marglnal EBOD (effec—

tive BOD) is:

YR

Marginal EBOD = 787 v/ % n/p
where

EBOD = BODS x 1.07 (?_20),

T : temperature, °C

.V flow velecity, m/sec

b/P: surface width/wetted perlmeter, dimention less’

The BOD concentration of the . sewage for the year 2000 has been
estimated at 200 mg/l., Therefore, the equivalent EBOP for the year
2000, at a temperature of 27°C, will be

200 % 1. 0727 20 = 321 mg/1



Sulfide control velocity curve for the year 2000 condition was
then developed as shown in Flgure I-1,

If peaklng factor is expresses as:

5
P.F, =
_ -Pl/7
"'Where D: Popuiatidn (1,000 persons}

- and population is estimated at 4,800 persons, the P.¥: will be 4.0
That is, the daily average flow will be one fourth of peak flow

in suﬁh areas which has population of 4,800, Because, for sanltary
sewer, full pipe capacity of the design peak flow rate. is prov1ded
‘the plpe dlameter for this populatlon will he 300 . - (Per capita
sewage flow is estlmated at 230 l/cap/day) - ‘This is the upper
limit:of VCP market size, The minimum design flow ve1001ty should
.be determined at least on the ‘basis of the daily average flow
ve1001ty of above pipe size. -Hénce, the minimum design flow velocity
is determlned at 75 cm/sec. : '

o The Figure- 1nd1cates that if the mlnlmum de51gn flow veloc1ty
is de01ded at 75 cm/sec, the sulfids generatlon will be controlled
from.0.25 to 0.70 of peak design flow rate. The problem of sulfide
control is much more. severe durlng the initial year of service of
sewer pipeline when flows are con51derably less than future design
flows. However, as shown in Pigure I-1, it is 1mp0551b1e to keep
“the sulfide control velocity to meet all flow variations.



Anti-Corrosion Pipe

. _VCP, RCP, ACP, and Pitch Fibre Pipe are available in Malaysia.
Among. them VCP'is the best pipe adgainst sulfide corrésion, T However,
the available VCP market size is up to 300 mm in diamétér, and
larger sewers will be of concrete~bonded pipes, either centrifugally
cast or cast in place, which are ‘likely subject to.sulfide attack.

Coatings and linings of acid-resistant materials, such as vinyl
and epoxy resins,. PVC sheet, and high alumina cement mortar, will
be effective for protecting concrete pipés against the acid attack.

Air Injection to Sewer
This method is useful only in the force main.

Conclusions

In view of the above considerations especially for future
operation and maintenance. problems of the sewerage system, it is
concluded that all sanitary sewers shall be 50 designed and con-
structed to give mean velocity, when flowing full o half-full, of
not less than 60 cm/sec for VCP, and for RCP or any cement-~bonded
Pipe the minimum design flow velocity should be 75 cm/sec, 'and
suitable lining or coating pipes should be used. .



Fig‘ure I“l

Pomeroy-Davy Formula
for Marginal Effective BOD
Marginal EBOD = 787 va/3 psp

Vn, vd
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FIGURE I-1 Sulfide control velocity curve



APPENDIX J

STAGING CONSIDERATIONS






1. Introduction

“The provision'of a complete sewerage system for entire study Area
with its large and éxpanding population, is'.a task of tremendous magnitude,

Therefore, it is necessary to build the required facilities
in stages, acéording to the urgency of need and benefits to be derived.
Staged construction will spread capital expenditure over an extended
period of years, as well as saving interest on borrowed capital and
reducing initial costs. :

A study has, therefore, been made to detérmine the priority of work
and the ‘desirable stages of the sewerage sub-zones,_taking'into account
the various important'elements_which affect sanitary conditions in the
‘Study Area, applying a reasonable rating procedure.



Rating of Sanitary Conditions

Basic Consideration for Rating

- The elements considered in the priority of sewerage sub~
zones fOr'implementétion of sewerage construction up to the
year 2000 lnclude the rollow1ng six items, each of which has
1mpacts on. env1ronmental sanltatlon in the Study Area.

1) Popuiation.denéity=

2) Deveiopment condition

3) Waste load generation aspeet

4) Excreta disposal system

5) Flooding eonaitien

6) Incidence of water borﬁe diseases

Note: An evaluation item "availability of water supply" is
- not considered for this particular situation because the
Study Area is almost uniformly served by the water
supply system.

The above-mentioned six elements are assigned by the
different evaluation points to reflect their relative impor-
tance to the sanitation, and each &f the ten sewerage sub-zones,
is evaluated carefully and graded according to the rating for
each element for the purpose of evtabllshlng sewerage prlorlty
for implementation.

It is.howeﬁer noted that re-evaluation of these sewerage sub-
zones should be made at the beginning of each stage reflecting
urbanization of these areas, especially in the future development
area.

Application of Rating System
For the. purpose of ratlng system, a total cf 1, 000 001nts
is assigned to each of the six major elements, according to

ordex of importance, as’ described below.

(1) One of tlie most important factors is the number of persons



who will be benefited by the system, It is, therefore,
particularly signifidant to provide sewerage facilities in high
population density area, in order to gain the maximum benefit
to the maximum population with the minimum expenditures thus
making the benefit-cost ratio higher. Hence, highest point is
assigned for the population density,

(2} Development Condition:

Developiient condition of the Study Area differs largely
according to areas and. land uses. The greater portion of
the future development area lying periphery of the Study Area
remains to be paddy field yet, thus unabling to provide
sewerage system for the time being and in the immediate future.

(3) Waste: lcad generation aspect:

Three hundred points is assigned to the extent of waste
load generation. The waste load generated from the housing,
commercial and industrial areas are generally discharged into
drains and rivers without any treatment except septic tanks,
It is, therefore, necessary to quantify the waste load in each
of the sewerage zones to determine the urgency of the need of
sewerage facilities,

{4) Excreta disposal system:

. Since there is no sanitary sewerage system in the Study
Area, except a few local systems, most of the excreta
produced in the area is disposed of either septic tank, bucket
pit privy or directly to waterways, causing water pollution at
many places in the Area. The existing excreta disposal system
is, therefore, analyzed as to the present excreta disposal,

{(5) Flooding Condition}

.Although the Governméent has undertaken improvement works
for the existing rivers and drains, flocding has occurred
frequently and caused substantial damage in the built-up
areas. ‘Sanitary conditions in these areas have been signifi-
cantly deteriorated, which can only be improved by the provision
of the sewerage system. '

(6} Incidence of water-borne diseases:

Incidence of water-borne diseases, hés also effected to
sanitation conditions, but this is less critical than the above
five elements, these giving the lowest points of 50.

In view of these factors, the six-elements, all of which affect
sanitary conditions, are given points arbitarily for the years 1979
and 2000 according to their importance for the rating,



The rating points are shown as followings:

Point aésigned

- a) Population density ...i.ieniiiescierincasneaasa 300
b) Development condition ....oseveescacsn. N 200
c) Waste load géneratea f e s eta e s et et 300
d)  Excretd disposal SYSEem  ceseseeoiorsesnnnans . 1oo

.e) Floading conditioﬁ ..;..;,..... ..... creasana 50
£) Tncidence of water-borne diseases ........ .e. 50

Total 1000

"Further applications on these factors are discussed in
the following section.

Population Density

' Population densities, both present and future, by sewerage
sub-zones, range approx1mately from 6.8 to 125.1 persons
per hectare, as presehted in Table J-1 and Flgures
J-1 and-2. For purpose of rating, 150 points are given to both
present and future population densities respectively°

Present Populatlon Future Pppulation
Assigned - . Density _ Density
Point : (Persons/ha) {Persons/ha)
1150 100 or more 120 or more
120 - 80 - 100 110 - 120
90 - 60 - 80 o 100 - 110
60 40 ~ 60 _ 190 ~ 100
30 - 20 - 40 : ‘80 ~ 90
0 0-20 70 ~ 80,

As shown in Table J-1, sub~zone B-1 gains 300 points,
fellowed by sub-zone D-1 and Sub-zone C-1.
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2.2.2 Development Condition

Evaluatlon is made for each sub —gone in terms of estimated
percentage of estimated’ urbanlzatlon Rl 1ndustr1allzatlon'
for the coming two to three years as shown in Table J-2.
Since the Study Area is assumed to be urbanized by 2000, evalua-
tion for the year 2000 is not made.

Petcehtage of

Assigned Urbanization and
_Point Industrialization
200 ' _ r
150 60 ~ 80
100 40 -~ 60
50 | 20 - 40
0 | 0 - 20

J-11-
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Waste Load Generated

ACcordiné~Eo:the investigation carried out

in the Sfudy

Area, streams are generally polluted by the deposit of organic

matters and industrial wastes, hencé it is neces
the waste load discharging into waterways. ‘For
rating, waste load originating‘in each sewerage
estimated at per ha waste load generation basis

{present) and 2000. Evaluated points are shown
and Figures J-4 and J=5. ' ‘ '

In this rating, a maximum of 300 points is
points each for 1979 and 2000 waste load generat
6-8 kgBOD/d/ha and 8 ‘or more kgBOD/d/ha respecti
a minimum of 0 point in case 02 kgBOD/d/Ha and
for 1979 and 2000 respectively as shown below:

'Was£e LQad : W

sary to control
the putpose of
sub-zone is-
both ‘for 1979
in“Table J-3
dssigned, 150
ion rates of

vely, and
2-4 kgBOD/d/ha

aste Load .

Assiéned . 'Generated in 1979 Generated in 2000
Point (kg BOD/d/ha) (kg Bon/d/ha)
156 6 -8 8 or more
100 ' 4-6 6 - 8
50 | ) .- 2'-_4. . s f.6
0 | 0 - 2 2 -4

J-15
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