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APPENDIX €

DRAINAGE SYSTEM CONSIDERATTON



FIGURE ¢ -/

Size of cross
Section

()

Dimension

(mm )

. Volume of elémental work -

b

Excavation (m®)

Excess éoil:(m;)

"Slope
compactlon (n?)

Bed leveling(m®)-

1,000

500 x 250

1,000

 500 ..

250

1875

18!?5

70.71

50.00

2,000
1,000

x 500

2,000

1,000

500

15.00

| 75.00

14142

100.00

3,000 _
1,500

3,000:

1,500

750

"168.75'

168.75

212;13'. _

150,00

4,000

2,000 * 1,000

4,000

2,000

1,000

300. 00

300,00

282.84

200.00

15,000
2,500

x 1,250

5,000

2,500

468.75

468.75

353.55

250.00

6,000
3,000 ¥ 11500

6,000

5,000

675.00

. 675.00

424.26

300.00

7,000
3,500

x“f,YSO

7,000

3,500

918,75

- 918.75

494.97

350,00

4,000 ¥ 25000

. 8,000

4,000 .

©1,200.00

1,200.00

. '5§5g69--

©400.00

-~ 9,000
4,500

x 2,250

9,000

4,500 .

2,250

1,518.75

1,518.75

| 636.40

450,00

10,000
5,000

X 2;500 .

10,000

5,000

2,500

1,875.00

1,875,00':

_707l11"

500,00

12,000

12,000

6,000 -

3,000 "

" 9,700.00

- 2,700.00

484,53

© 600.00.
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FIGURE (.~ 2

SIS

nm

" Beojmm

_ Size of

cross

Section

(nm)

" Dimension (mm)'f

Volume bf'eiéﬁentalfwork (per 100 m)

d

X

Excavatlon

@ )

- Back fllllng

(m

. Excesas soil

(n®)

Mason:y

()

Bed léveling
(®)

660
500

X 400_

660

560 -'- 400

L 400

‘1,900

400

2,140

-80. 80

5,60

15,20

- 8l.58

- 1,000

x 800

1,30

1,000

oo |

400

2,400 -

e

2,880

11,20

19680

16317

20000

2,640
- 2,000

"

1,600

2,640 |

2§COOf

1,600.

: 5400'.

3,400

1,600

4,360

.EQQ;SO .

':g.41;§0

U579.20

o osmes

200,00,

3,960
3,000 °

x 2,400

3,960

3,000

24400

600 |

4,800

2,400

_6;24off

:15324;8d‘

129.60 |

11,195.20 |

489.50

£ 300,00

5,280
- '4,000

X 3;200_'

5,280

| 4,000

. 3;200.

'w6b0_'

3000 |

7,720 |

2,163.20

198.40

$1,964.80

652Q§7‘.

400,00

6, 600

5,000

Y

4,000

6,600

5,000

4,000

7,200

" 4,000

9,600

3,360.00

' 360.00

3,000.00

815.84

 500.00

© 7,920
6,000

x 4,800 |

7,920

6,00b’ 

-47800.:

800 |-

8,200

4,800

11,080

Cagserzo |

;479;46_ '

415680 |

[97?.0;-"

. 600,00

9,240
. 7,000

x_5;600

9,240

7,000

| 5,600

9,300

 5,600 |

6;idé{édf .

621,60

©5,527.20

1,142.18

. 700,00

10 560 .
8,000

x 6 400

10,560

8,000

6,400

N 850,

10,300

6,400

14,140

1 7.820.80

- 761.60 . -

. 7,059.20

1,305.34

© 800,00 .
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Name

Dimension

(mm)

_VOlqugdf elementél work:(pep;loq.m) . :

;Diméhéion {mm)

Piece

:(Numbé?)

:1005b1e

stone

)

)

Mbrtar_

tion-

'ﬁ(m )

Excava—

- Excess -
S 8oil |

N (ma) -

Back

fllllng :

(u®).

X

._2401-. 

220

240

45 | o

| 50

240

100

’ 166 67

440

0.88

3444

14.71

119,73

840"

o

300

.300

| 260

50 60

60

j?@b _

500

100

166,67

5.00

11.00

‘37;80f

17.70

20.10

900 |

w0

300 B

300

260

300

50 | 60

500

500 .

lQO::_;

166.67

| s.00

~1.000

4320

20,04

© 2316

900

480

_‘500

3007

260

o |

65"

300

500

100

166467

5.00

© 1,00

L 49.05

j.2é;58

'126?4?' =B

 990:"

545

360 &

| 360 ©

7:310::

300

::5Q__=a__65:_

|65

360

560

100

C166.67 |

fé;soiﬂ 7::_

1.12

4656

2315 |

i23;4¥ f

.485}7:i 

360 B

”360

310

360

 50. _ 65 1=

65

'3350"

;560

166,67

5.60

Coraz

.38

‘;25;85 5.H

[12&4? :

_;;9saf 5 

. 450 :

5 |10

 #0

430

650 |

00

| 166.67

:.6;39 -

:'i.2§ﬂg

Ce5i92 |

3606

29.76

11,030, |

450

600

600

600"

80

. _:600  ;

00

100 -

166,67

8,00

;;1;60: ;_

196,00

5856

: .:3?.44

1,200

‘goo |
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FIGURE (.-

g

P B
!
]

1:005

T

[N
B
200 ‘_E“.

S A S,

e —

r*iJ-

Hize of
crosg -
section

(mm)

Volﬁﬁe:of'elgméhtal'wdfkf(per.loo'm):f:i‘ _‘:_ o

e

P

Dimension (im)

Bxcava—-

“tion

'.(ma)

Back

filling

(®)

. |Excess

“8soil

@)

Cobble
. gtone

(a°)

 Lean
concrete

1:3:6(m®)|

Form
‘WOTK

(m®)

Coﬁbreté-
T112:4

Timber;
ing '

@)

500

150

. 8OO

1,000/,

800

- 120,60

51,00

o 69:00]

. 20.00

222,20

500x400 | 400} 150 | - - - 5.00 24.50 | -

'~ 1,000x600 | 1,000~ 600 150 | 150 1,300| 1,2000 - - | ‘1,000] 1,700 - '1_1?0;00: : 42.500 "127.50{ 24.00 | - 6.00 | 359.20 3850 | -

2:000%1,000 é;oop' 1,000 150 | 200| 2,400  2,600 - S| 1m0 3,200 - f449,56' _ 102.50 _'347;66"f5?;Q0'f‘ 13506'- 638.50| 35,@6: -

3,000x1,4qo'3,0007'1,400_ 200 | 270 3,540:53;740 - - '1,929 400 - 814.08 ".141,09': 672,99'“'74.807 "13;10'  919;10:‘168149 1 -

4,096%1;396 4;600 *1,8b0"_200' gng 4,580 4,780 - - |- 2,340| - 5,280] - ‘.1,235;52 ? -i77£5g 1{057,991"95,60_ 23,90 1,201,00 _254}4df: -
5;000#2,200‘5;099 200 0| - - ";1,744.52 f }1i6,4d : 29.10 -|1,482.20] 308.00

| 310

5,620

5,820

215,82

1,075.00 |

-6 ’ OOQX? 5 600

6,000|

2,200

2,600

200

- 330

6,660

6,860/

160

3,000

é;?éo o

13,180]

2,358.48

298.68

1,528.50,

2,059.80

117.20

29.30

1,765.50

389.30

1,524:00 |-

7,060x3;000

7,000

3,000

200

350

7,700

7,900

600

3,000

3,600

- 3,144.00

417.20

2,726.80

158.00

39.50

2;044;79

478.30

2,051.00|

8,000

3,400

200

370

8,740

8,940

1,020( 3,000

4,020

5,454.40

i78.80

4470

2,325.90

574.90

2,696.00 |

 8,000x3, 400

:9,600x3,sdo

9,000

200

390

9,780

-9,980|

1,440

3,000

4,440

3,998.80

4,905.60

637.90

4,261.70

Eiég;eq"

49-9? -

2,607,20

679,20

10,000x4, 200

10,000

4,200

200

410

10,820

11,020

"1,860|

3,000]

4,860

6,542,172

1,176.02

5,166.70.

220,40 |

565,10

2,888.40

9120

4,100:00] |

11,000x4, 600

200

- 430

12,060}

2,280

3,000

© 3,000

1,393.28

91090

11,000

4,600

11,860

"i1j543;68_

J6Ai5i}4o

24120

60,30

5,169.70

4,939.00]
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FIGURE & —&°

SIS SN

-r-_-—'__;_'—'—_-f'f"-

RS |

e

N

Size of
cross
section -

(mm)

- Dimension

(mm)

'Vbiﬁmé 6f eléméﬁtai WQrkf(per 100.m)

.é .

Excava-
tion

(m®)

Back
filling

()

‘soil

(n®)

“Excess

Cobble

I .stone

)

" Lean
" concrete

1:3:6(m )|

Form
fWwork.

()

Concrete
1:2:4
(n®)

T-lmber— .
- m?)

1,000x1,000

1,000

1,000

200

150

1,500 |

1,750

2,300

402.50

169,00

f 23%.50

37.50

_:7.50 :

 565@70-7

91,60

_ 96.90 

1,400x1, 400

1,400

1,400

230

200

2,000

2,180

2,800

610;401

212,00

398,40

50,00

10.00

761.80

148.50]

189.90 |

1,800x1,800]

1,800

1,800

230:

12,460

- 2,660

3,300

?775307

' 970.60

607.20

61,50

12,307

968.10 |

21§;4g

513.90]

2,250x2,250

2,250

320

260 | 2,970

2,260

3,260

3,800

| 1,438:80_:

529,80

909.00

74.30

3:14;go'ﬁ

1,212.60°

329,20

490.70|

2,700x2, 700

2,700

2,700

360

290

3,480

2,750 | 3,750

4,300

1,812.50

576,50

1,256.00 |

87.00

1740

11,434.30

452,20

679.40

3,000x3,000

3,000 {-

3,000

390

330

.5,860

3,000 | *4,110

4,700

1 2,247.00

'636;70

1,510; 30

96,50

'_l19.30

1,588. 80

522.50 |

872.00

3,600x5,600

3,600

3,600

4,580

3,000 | 4,840

5,400

3,549.60

1;2?3;#0

2,125.90

114.50

22,90

1,899.80

733,10

1@5%55L}'

4,200%4, 200

4,200

4,200

500

470 | 5,340

5,000

5,580

6,200

4,491.60

1,617.50

2,874.10

135.50

26,70

2,0212,80

1,005.40

1,708.60]
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. CHAPTFR 1 .
I‘UNCTIONAL n},smn DATA

1.1 _Summary

In this chapter, the design bases necessary to d951gn sanlLary
and storm water condults, coverlng flow frlctlon formulae, slzes of
structures of fac111t1es, hyaraullcs of sewers, materlals of fac111t1eq,
and measures needed for control of sulfldes have been studied and

criteria dcveloped for thls pro;eet as summarlzed belOW'

(a)n:The mernlng fornula should be used for ae51gn of plpes and
. 'ehannels R R . .

(b)rfNo publlc sanltary sewer shall be 1ess Lhan 22 5cm (9 in) in
'dlameter, but . for house connex1on pipes 15 ce {6 in) in dlameter
may : ‘be allowed _ - '

‘(c) 'Earth coverlng of publlc sewers should not be 1ess than 1 _
_metre unless spec1a1 protect1on measures agalnst the prected

. -leoad are prov1ded R i, B _ 7
(d) - lAll sanltary sewers shall be so de51gned and constructed to give
mean veloc1t1es, when flow1ng full or half-full, of not less
than 60 cm/sec for VCP based on the Manning formula. u51ng an
: n'! value of 0 013 ) For RCP OT. any cementnbonded _pipe materlal
for an 'n’ value of 0. 013 the mlnlmnm flow,velpclty shoeld]be
75 cm/sec (2. 5 ft/sec) _ | L E “" o
(é}'. For storm sewers the veloelty of flow Shall be not iess than
80 cm/sec (2 i) ft/sec) _ Por -open channels,'where ground surface
_ 'lslopes ere 1ow, flatte1 slopes may be allowed _
() - For. sanltary sewers, full plpe capac1ty of the de51gn peak
:flow rate should be prov1ded o _ _ ' '_"
(g) Mlnlmum sewer slopes for dlfferent sewer plpe 31zes are recommended
50 that 1n no case,_the ve10c1ty of flow will be less than 75 cm‘
"per second for AC and ‘Concerete pipe, ‘and 60-cm per second. for. -

VCP..

p -1



(h) ‘Sewers-shoald generally be laid with.straight alignmént between
manholes. Exceptions hould be allowed only when there is
7asaurance the avallable cleanlng methods will be workable in the
'curved sectlons." o 7

(i):_Whenfa'smaller'sewer‘joints a‘larger sewer, the crown of both sewers

.should'be placed'atirﬁe'eame'elaVation. _

(i) Sanitary eewers‘of'emalier;size up to 300'ﬁm'in diameter-sbould
‘normally be of'vitrified clay. For larger 51ze sewers up to
1,800 mm (70 in) in dlameter, Centrlfugallyneast relnforced
concrete pipes, conformlng to 1nternatronally accepted standards,
_should. be used.

) Joints of concrete pipe should be the rubber gasket type, and
factory applled push flt' re3111ent type J01nts should be used
for v1tr1f1ed clay plpES

H Manhole spac1ng should not be more 'than 200 ‘metres (656 ft)

1.2 Design Factors

In detelmlnlng the requ1red capac1t1es of sanltary and storm ‘

sewers ‘the following factors ahould be con31dered
(a) Sanirary-Seeers

' l)i'Peak flow rate of domestlc sewage
2) Additional’ max1mum sewage cr waste flow from 1ndustr1al plants.'
j3)'-Ground water 1nf11trat10n . . -
4)'£Depth of excavatlon.J“'

'5)riL0cation of treatment plant

 65._Pump1ng requ1rements° o .

7)"De51gn ve10c1t1es needed to assure . self—cleanlng andi'j.:u"‘

preventlon of sulflde bulldup-‘e,_,
{d) = Stoérm Sewers -

'1) Peak storm water runoff for the de31gned return perlod of

rainfall



2) Topography of area. _ N
3) 'Condition of rivers for inlet design.

4) Pumping requirements.

1.3 Flow Friction Formulae

.For de!_ermln]_n"J sewer capac1t1es, a wide Varlety of equatlons have

been devcloped. Among the equatlons w1dely used ‘are:

(a)  The Che?y and Darcy—weiebach‘equations
(b) The Mannlng equatlon
(c) The Kutter equation, and

(d) The Hazen—Williams'equation.-

The kutter and the Mannlng equathns dre most w1dely used for plpes
and COHdULtS of all ehapes, flowlng elther full or partly full. Although
the use of the Kutter equatlon has been exten51ve and the- graphs and tables'
for -the equatlon are avallable, its popularlty is decllnlng because of
ite_emplrlcal and cumbersome nature. The : Mannlng equatlon tends to be

n_n

used very exten51vely, because of its 51mp11city and because the o value

is essentlally the same as used in Kutter's equatlon.

A comparlson ‘was made between the ve10c1tles of clrcular pipes caleu~ -
lated by means of thrée dlfferent equatlons namely Kutter, Manning, and
Hazen"W1ll]amS.- The velocltles for full flow in. sever plpes from 225'mm
to 1, 800 mi En dlameter were. calculated u51ng a frlct on coeff1c1ent Tal
value of 0. 013 for the Kutter ‘and Mannlno equatlons, and a 'C' ﬁalue of

110 for Hazen—Wllllams which corresponds to 'n' value of 0f013.

As shown in Table D -!, the resulLb of the calculatlons 1nd1cate
that the- veloc1t1es given by Lhe three equatlons are essentlally the same,.
but with some minor variations. In smaller sewers the Kutter 'S, equatlon
gives the lowest values, but the values become practhdlly the same’ as the

sewer size increases, and the order 1s then reversed f01 the 1arger sewer :



pipes. It iéﬂﬁot'pdésiﬁlé'to judge the adaptability of the equations by such
calculations; however, it is clear thét_Maﬁning?s.eQUation gives intér-
mediate values, hence appears to be the best choice for general application

‘and has been adopted for use on this project.



TABLE D-1 Compéfison of Tlow Velocities in Pipes

Calculated by Differeht:Fotmﬁia'(Metré/sécoﬁd)

Plpe d1am

- and (1 ) R CKatiter ' Manning Hagéﬁ«Niiliams"
._slope (n=0.013) (n=0.013) (C=110)
225 miv - 0,0045 0700 . . 0.758 . . 0.824
300 0.0035 0770 0.809 0.862.
375 - 0.0026 0.784  0.809 0.845
450 0.0022 0.825 0.841 . 0.866
525 . 0.0018 0.835 0.843 . . 0.857
600 0.0016 0.866 0.869 0.874
675 0.0014 : 0.881 0.879 . 0.876
750 0.0013 . 0.914 0.909 0.899
900 .. 0.0011 0.955 L 0.944 0,922
1,050 0.0009 0.960 ©o0.946- 0.912
1,200 ' 0.0008 0.991 0.975 - 0.931
1,350 0.0007 1.006 0.987  0.932
1,500 -~ '0.0007 ° 1,078 1,058 0,996
1,800 ' 0.0007 o oLals 1195 1.118
2,000 0.0007 1.306 - 1.239 - 1.194

Note: (1) . Recommended minimum slopes for sanitary sewers. |

In view of these facts the Mannlng equatlon is recommended for the
deqlgn of qewers ‘and channels The equatlon is expressed as;
: ::,: 2 q _
vol Q23 e
B n ! :
‘where: n ¥fc0éffiEién£ of roughness

R

I

hydraulic radius, m -

[

- Slope



Caré must be used in selecting the'friﬁtidn é&éfficient' In general,
‘n' values from 0;013 to 0.015 are. used in sewer de51gn, dopcndlng upon the
type of JOlnt and " the pipe matertal 'Table -2 is'a summary of frlCtIOﬂ '

coeff1c1ents for dlfferent _sewer mateLlals for use with the Manning formula

Table' D~2.  Values of 'n' to bé used with thé Manning Equation

Conduit Materials '  Manning 'n' Value

1. Closéd'Coﬁduits:
Asbestos—cemnént. pipe S 0,010 - 0.015
Brick =~ e T 0,013 - 0.017

Cast dron: pipe
Uncoated (new)

Cement— llned & seal coated‘ - _"‘ :  ”. Ojbll - 0.015
Concrete (manollthlc) o o :,a:- L

Smooth forms R B - 0.012 = 0.014

Rough forms - . L : 0.015 = .0.017
Concrete pipe = . -: S T 0.011 -~ ¢.015 -
Plastic pipe (smooth) S 0.011 = 0.015

_vltrlfled clay pipes = . © 0.011 - .0.015
2. Open Channels

Lined‘channels:‘

Brick = ‘ - o ©0.012 ~ 0.018
Conictete ' e ' S 0.011 <~ 0.020
‘Vegetal - .. : _ 0.030 - 0.040
Excavated ot dredged . e R P
Earth, straight and’ unlform o 0. 020“—A0.03Q
Earth, w1nd1ng, falrly uniform 0:025 0,040 7
Rock . . = 0.030 - 0.045
.Unmalntalned ) 0.050 = .0.140

Natural channels (mlnor streams,
top width at flood stage. 100 ft) e
Fairly regular section _ 0.030 --0.070
Lrregular section with pools . =~ - . 0.040 - 0.100

Note: WPCF Design Haﬁnuél of Practice'No. 9 (1970);"'



Factors which affect the ch01ce of a coefficient are coadu1t materla]
Reynolds number, size and shape of conduit, and depth of flow. Ih
addition to these interrelated factors the following should be consid-

ered;

(a)'lRough, opeued, or offset J01nts,

{(b) Poor allgnment and grade due to settlement or lateral soll move-
ment.

{e)" DépoéitS;ihogéwers - _

(d).-Amounﬁ;and si?e of sollds being'tfénsported

(é) :Coatlngs of grease or other matter on interior of sewer,

(£) ‘Tree roots, 301nt compounds, and mortar dams resultlng from poor .
or deterlorated 301nt1ng and other protrusions, and

(g): Flow from 1aterals dlsruptlng flow.ln the sewer.

The-ﬁélues are commonly. used for. sewer'aesign and hence are.ﬁigher than
the values obtalned in laboratory tests w1th clear water. and clear
condults. The: range in cocfflclentq for a glven plpe materlal 15 :.
'explalned partlally by the disturblng 1nf1uences mentloned prev1ous1y

in the general dlscu5910n of coefflclents.

It 1s recommended that Mannlng s 0 of 0 013 be uqed for all propoSed.
and future sewer and 0. 015 be used for all ex1st1ng sewerq. Higher
values of 0 should be used for ex1st1n° sewexs if available data

1nd1cate deterloratlon, dep051ts, or 1nfer10r workmanshlp

The 'n' value of 0.013 for propoééd?aﬁd foforo_sewef is baséd'ohfthe use -
- of pipé'ﬁnité‘havihg not less than 5-ft laying lengths,'With true and
Smooth 1n51de surfaces, and on Lhe assumptlon Lhat only flISt claSS'

constructlon proceduresf w111 -be followed-,_'



1.4 Sewer Design and Construction

1.4.1 Minimum Size of Sewer

lhe adoption of a mlnlmum s1/e of sewer is necessary, because
expellence has ‘shown that comparatlvely large objects, such as scrub
bushes, and also tree roots, sometlmes get 1nto sewers and that stoppage
resultlng from them as much less 11kely if sewers. ‘are not smaller - '
" than 22. 5 cm. Smaller plpes experlence more frequenL troubles in
clean:ng of settled debrls, roots, etc., especially where slopes

are flat

Another Iactor determlnlng the mlnlmum size of plpe is construction
eoat, whlch may be greatly affected by topographlcal CDHdlthﬂS.' Where
the ground surface slope 1n the area. is flat, ranglng bctween 0.1 and
0.3 metre per thousand metres, sewer must he deeper.- Consequently, thel
constructlon cost will dlso be 1ncreased For example, to keep the
veroc1ty of flow more than 75 cm/sec in. a 22.5 cm plpe, the slope must be
0. 0045 but for a 15 cm pipe the slope would be 0. 00?6 for the same
veloc1ty of flow, and the dlfference of depth w1ll be 3 1 metre per
one km of sewer 1ength Hence the constructlon cost for 15 cm plpes
would hardly be- cheaper than 22.5 cm plpes, because ‘the 1ncreesed cost
of excavatlon w1ll overcome the reduced cost to be galned by the use of
smaller plpes. For these reasons, the mlnlmum 3149 of sanltary sewers

for thls prOJect except house connectlons, should be 22 5 cm.

For house connectlons, smaller sizes may be used however house
connectlon plpES should be larger than the bulldlng sewers, so that

artlcles whlch pass through the bu1ld1ng sewers may readlly pass .-

. -

through the bu1ld1ng c0nnect10n plpes._ Experlence shows that a dlameter‘
of more than 15 cm is usua]ly satlsfactory for house connectlon plpes,
except for large bulldlngs whlch have termlnal plpes of more than 15 - cm

~in d1ameter. :



1.4.2 Minimum Depth of Sewer

Enough earth covering should be left between the top of the _
scwer and’ paved surfaces to protect the eewers from traffic loads
and to aV01d undue 1nterference w1th other underground facilltles.
The mlnlmum allowable cover may depend on the size of plpe, soil -

condltlons, pavement and trafflc loads.

The calculatlon 1nd10ates that for one metre of earth covellng
under a 20 ton truck load, plpes lald on contlnuous concrete cradle
beddlng w1ll he used at least one metre of earth coverlng for

sewer pipe in the PrOJECt Area.

Another fector to be con51dered in dec1d1ng the requ1red
earth coverlng for publlc sewer plpes, is the length and slope of
prlvate sewers to he connected._ Where the prlvate sewers are. deep,..
it may be more economlcal pump from the bulldlngs than to lower__
the publlc sewvers to such depths. Deeper house sewers may be caused
either hecause of low ground elevatlon or because the houses are '

1ocated far from the street.

An estlmatlon was made for new developed hou31ng area, to check
the depth of pr1vate sewer plpes. At the representatlve house,:w
with a ploL of 30 metres of frontage and depth assumlng an average_;

slope of plpe at 2 percent and mrnlmum earth coverlng at- the

startlng p01nt of the sewer as 30 cm, the mlnimnm earth coverrng Ofagj'

the publlc sewer would be one metre to recelve the sewage from the =

house by grav1ty-,

In view of the ahove mentloned results, 1t is recommended

Lhat the earth coverlng of puh11L sewers by not less than one metre;_;:: s

except for SpBlelc situatlons where studles show that shaIIOWer L

depths are fe331b1e.



1.4.3 Velocity of Flow.
(a) Minimum Velocity

Sewage should_flow at all times, with sufficientnvelooity‘to prevent -
settlement of solid matter and consequent loss of sewer capacity. °This 1i&
particularly importént in the Project Area because of the flat slopes.

The most significant factors to be considered are discussed bélow:

1) The commonly"sccepted minimum'velocity for self4c1eansing of
_san1tary sewers is 60 cm/sec._ A veloc1ty of 60 cm/sec can . prevent

most dep031ts of . sollds in sewers.

di) Ground.surface slopes in the area'eXCeﬁt in the oért:of-Bukit.
Martajam District generally rdnge between 0 01, ando 03 percent..: '
'Sewer slopes are. generally steeper than the - ground surface slopes and-
sewers. will become deeper , and costs for constructlon will be 51gn1—
flcantly 1ncreased lf hlgher mxnlmum veloc1t1es are used A minimum
slope for 295" nm sewer pipe to give a flow veloclty or 60 cm per

second is 0.30 percent, ‘based on an "n' valuexoﬂ_O,DIB,:but for ‘75:cm
per second, 0:46 percent'is necessary. In. case-of a gr0und surface
slope: of .03 percent the dlfference of constructlon codt between. tw0‘o
dlfferent veloc1t1es may be- M$4O 000/km of pipe 1ength

iii) An 1mportant conslderatlon 1n selectlng the design flow veloeltles
for senltary sewers in reglons of hot cllmdte, 1nclud1n0 troplcal

areas like Malaysla, 1s the problem of depos1t10n of SOlldS and genera—n
tion of sulfldes because of the hlgh temperatures. This is espec1ally
1mportant where. concrete or othet: cement—bonded plpe is used as’ ‘the
sewer material, because unless controlled in ‘the sulf1des w111 attack
.and dissolve. the cement whlch binds the plpes materlal tooether,'so '
that sooner or 1ater the plpe may be suffer structural fallure. :
Experlence w1Lh this problem in, other countrles has shown that the

most effectlve method of sulfide: control is to" ‘use-a’ de31gn velocrty

- 10



at average flow not less thap'75 cm/ second, and prefereblyemore.
(Refer Anﬁek'i);'fAt'velocities'of'75 em/second or more'the'oxygenw‘“.-'“
atioﬁ"céoacifyfof*the'fiow will neutralize sulfide generatdion and’ '
.also V1rtua11y ellmlnate deposition. ‘Tor pﬂrpres*of Finaldesign
. more preciqe methods should be used for evaluatlng the sulfide hazard
'(whlch is a functlon ‘of BOD and temperature as well as flow veloclty)
on a ‘casé by case b351s, but the general rule noted above hould be
qufflclent for master planning., Another SOluElOD to the sulflde problem,
-where concrete or - other corrodable materlals are used ‘is to protect

the pipe with suitable 11n1ngs of coating.

iv) Sulfldee tend to be an espec1elly severe problem in sewer force
' malns, and proper control of this problem usually requlres the 1n3ec~
tion of compressed air into the force main to oxldlze these sulfldes.
This serves not only Lo protect the force maln 1tself From sulflde
_attack but also to prevent the dlscharge of sulflde 1aden sewage from
the force’ maln 1nto cement—bonded structures (plpES, pumplng statrons,
treetment.plants) whrch may then- be attacked, and aleo to prevent

undesirable odor unisances at such points of discharge.

vy For storm water, a hlgher ve10c1ty 1s preferable, because Qtorm—
water’ generally COntdlnS heavier qollds stch as gravel or 1arger sand
for-whleh a hlgher;clean; ~velocity is- necessary.= For_open channels,
a_flafter”slope ﬁey:bE'allowed where necessary;ibeCadse it-ié“dompera_

tively inéxpensive to remove silt deposits from open channels.
In view of above ‘mentioned’ comments, the following criteria are récommended:

“A11 sanltary sewers shall be 50" deslgned and constructed to glve

mean ve10c1t1es when f10w1ng full or half-full, of not 1ess than 60 cm/qec
for VCP, based on the Mannlng forinula using en 'n' value of;OleQ.
~For RCP or any cement bonded pipe material, for an 'nu" value of

0.013, the minimom: deelon flow veloc1ty should be 75 cquec

*and-sultable linjng: or. coatlng pipes should
be used COmpre851on air 1nJect10n facllltles should be prov1ded to

prevent sulflde bulldup 1n the force ma1ns.

p o il



In storm sewers, the velocity shall not be‘less'than 890 cm/sec.
¥Yor dpen channels, whefe ground surface slopes afe comparatively flat,
a veloclty of 30 cm/see may be allowed 1f removal of dep051tq is

easy and Lnexpensive._
(b) Maximum Velocity

The maximum velocity should not exceed 3.0 m sec;” . to protect sewer
erosion. Where the ground surface slope is steep and veloc1ties of more
than 3.0 @// sec “rwi may result speclal provision should be made to protect

against displaeement by erosion and shock.

i1.4.4 Design.Deptﬁ of Fibw -

Average temperdture in Penang State is around 27 degrees C and the
sewage temperature will’ also be hlgh hence fresh sewage tends to rapldly
become anaeroblc_and to generate self;des., As noted 1n_the prev1qes descu~
ssions, among the meaeures available for solving sulfide_ptdbleﬁe,;it_ie '
believed_the;effective:methed'fof-uee in the Project-Afeagis_;o ﬁSeeflpw'
veldcities'tp'prevent_sqlfide devélppmeet or to use ehitahle.linings}ore
coatings eipes“ 'Howeﬁer, there is an exceptiou, namely in'the_designfof'
force mains where aefation is the-effective'and Widely used-method'of
control. For ventllatlon reaeons, full pipe eapac1ty should be more than :

the design peak fiow for sanltary sewers..,

‘ . The survey, on seuage fluctuatlon in selected representatlve dlstrlcts
ihdieated-(see-Appendlx_ " ) that peak flows usually occur around 8 OG a.m.
and - 5:00 p.m,éeeaeh 155t1ng about one hoor. . The rest of tbe day, the sewage'
flow raee is less than tﬁe.ﬁeeﬁ=ra£e3?therefore, if the sewer plpe is de31gned
on the ba31e of 100 percent.of the de81gn peak flow,_there w111 be some = -

space above the water Surface elevatlon in the plpe most of the day.

Considering the above mentioned conditions, all circular pipes are

recommended to be designed on the basis of 100 percent full caﬁehity,

D - 12



1.4.5 Slope'

Sewer sec Jdens and slopes should bo de51gned 80 that the velocity
of flow will not be less than 60° cin/sec for clay pipes and 75 em/sec
for cement-bonded pipes, each pipe section will be separately éﬁélﬁated

to determine the minimum design velocity wvecessary to control sulfide,

ThL follow1ng are the minimum slopes which shou]d generally be

provided; however slopes greater than these are deslrable

TABLE D-3 Minimum'Slope for Sanitary Sewers

: - ﬁiﬁiﬁﬁﬁ’?lbpe ﬁ/i;OQO:m._. o Vélocity m/sec
Sewer - : _ : RS — SIS
Size (mm). VC. pipe v ¢ Concrete : - VC pipe = - Concrete
225 3.0 405 00619 0.758
300 0 22 3.5 0.6h2 . . 0.809
375 1.7 2.6  0.655 © - -0.809
50 L4202 - 0.671 0841
525 2 1.8 . 0.688 . 0.843
600 1.1 1.6 . 0720  0.869
675 . . 1.0 . 1.4 . 0,743 . 0.879
750 - 0.9 1.3 - 007560 - 0.909
900 08110 0 0.805 009447
'l,OSO-and"..'.O.? bf, - - _ 0:9 br © 0.834 and. : 0l946 and "
larger _ less less more - more

Note: - Manning fdrmula_ﬁsingfhn”fh'-vaiﬁe'df_ﬂ.013.



1.4.6 'Aiignments

. Sewers should generally be laid with straight alignment between manholes.
Laying curved sewvers should be avolded ' unless the avallable -sewer clean1ng
equipment can hapdle curvilinear allgnments. AJqo, curvilinear allgnments
are acceptabje for- large trunks where phy91cal access ipside the sewefs

is readjly accomplished.

1.4.7 ~Increasing Size

When'a'smaller sewer joins'a']arger.oﬁe, the invert of the larger sewer
should be a qufriciently lower! elevation to maintain trhe same energy gradient.
There are’ four methods which may be used: '

_ ?).'To-pl&éefthe crown. of ‘both sewers étirhe'same-elevatiOn,
b) To,pieee_the Weter.surfaée of both seﬁere'at the same elevation.
c)’ To pléce'the'eeﬁtre of hoth Sewers.at.ﬁhé Same;elévatioh;ﬁ. .

d)] To6 place the invert of both sewers at the same elevation.

Prom the hydraullcal reason the method (b) is- the most deQ1rable,:
however it is 1mposq1b1e to construct both: sewers at- the same water surface

elevation to meet hourly flow rate variation.

Because of the SeWer'deprh construction COSt:quﬁg.the methbé(d)
will be. ‘the lowest aud the.method (c) will be second 10wth But,. the _
dlfference Wlll not ' be 31gn1flcant in the area of average topographlc con-
dition. It is therefore recommended to-use the method (a), which haq

'hydraullc advantages, with: only small extra cost..

1.4.8 Type and Material of Condvit
'39wer'pibes are most-cemmoﬁly'made‘of'clay or of cencrete. Ashestos—

cement, and: other materlals are also sultable for sewer plpes, but may not

‘be avialable locally ar competzve prlve.

b=



Pipes currently available 'in Malayeia are limited both in sizes and
materials. 'The'following‘pipes'are produced and available on markets in’

Malaysia:

(a) . Clay pipe up to 300 mm in diam.
(b) Centrifugally cast relnforced concrete pipe up to 1, 800 juin|
Yo diam. _ - ' '
:(6);.Asbestos+cemenf pipe:ﬁﬁ fo‘ﬁﬂﬂlmm'in.diam,

(d) Pitch-fibre pipe 100 and 150 mm in diam.

- For the selection of sewer materlals for the Progect, careful con31~
deratlons should be glven to the problem of: corr031on “of pipes by sulflde
build-up in sewers. Even though the sewer system should be desxgned and
operated to be sulflde—free, such corroelon might not.be_eompletely _
prevehted in"all sewers. .Prefefence Should'thefefore be giveﬁ to cofro—
51on—re51stant materlals, such as vitrified clay pipe or llnlngs or coat-

ings plpe.

The reolstance of vitrlfled clay plpe to corroqion from ac1ds alkalles,'
and v1rtually all eorr051ve substances glves 1t a dlqtlnct advantage over i
other: materlals as well as excellent resistance to erosion and scour. Dis-
advantages of vltr;fled-clay p;pe are the limited range of_slzes and
Strenétﬁé‘énd-the fact that it is more brittle ;han'other'pipe. |

Centrlfugally cast reiuforced concrete plpe is avallable in the market
in 31zes up to 1 800 mm in Malay51a.- The advantages of concrete plpe ' '
are the relatlve ease w1th which the requlred strencth may be prov;ded and
the w1de range of sizes and 1ay1ng lenthq avallable. A dlsadvantage 1s :
that all cement bonded pipes are subJect to corr051on, hence a hlgher |

deQ1gp flow velocltles muqt be used o' prevent ‘sulfide corrosion problems

- _--_,_,’ ety - ‘

{ .
Tifgher VEIOC1Lie kaqulre more’s

lope, -hencte - greater«excavatlon and - o

pumplng_cost.- S

b1



D-4 - Price of Sewer Pipe (M$/m in 1976)

TABLE
Pipé'Matgiigl
Centllfugally Cast Centrlfugally ‘Cast
e R81nf0rced Conctete. Reinforced Coiicrete - -
Diameter High Alumina Cement "Vitrified
{mm) Mﬂrtap Lining (1/2 in) Clay
150 11.47 18.85. 12.99
225 17.05 28.36 21.65
300 20.98 35:25 32.50
375 130.33 49.34
450 35.25 57.87
525 42.46 68,69
600 47,57 76.88
675 ° 63144 97.21°
750 - 7082 10770
900 9995 137.54
1,050 122.95° 174.75
1,200 136.23 192.79
1,350 . 179.84 246.07
1,500 - 208.85 283.77 - -
1,800 28147 369.67

Pltch flbre plpes are also avallable 1n Ma]ay31a in 31zes 100

-and 150 mm dlameter

meet 1nternat10nally accepted standards

The pipes are generally of good quallty and

In view of the above mentloned condltlons, “the f0110w1ng con-—

81derat10nu should be taken 1nt0 account ‘in selectlng qewer materlals.
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{a) Sanitary sewers of smaller sizes up to 300 mm in diameter should norma-
1ly be vitrified elay plpo, rhls plpe is avallable locally at compeLJve

pY ices,

(b} Sanitary sewers of 375 mm or more in diameter should be of centrifugally
cast reinforeed concrete pipes conforming to internationally accepted

standards, with high alumina’ cement mortar coatings.

LR P S P

-{e} For storm sewers, vertleallymcast relnforced concrete plpes may be
used prov1ded the qtrength and structure of the plpes are of hlgh quallty

and acceptable for PrOJect Use.
1.4.9 _Joints

Infiltration is a major cause:of:hydreulic”ouerloaﬂieg of both colleee
tion system and treatment plant. Most system iﬁfiltratibn'occurs through
faulty or poor sewer 301nts.' Privete houSe'conneetions to seWer'meius '
have in: many cases contrlbuted wore 1nflltrat10n than the system 1tse1f
It is therefore recommended thet ‘MCPW develop a strong and adequate eode'.
covering meterlals and also construct1on of house connectlons.K o S

o T ;ﬂ:-:eW;l

_ Fxperlence in meny countrles shows that the compre8310n~type and rubber
gasket JOlntS show generally very super1or performance in preventlno ground~
water 1nf11trat1on into sewers. Varlous proper' forms of flex1ble 3oiuts
are ava1lable on the market. Among them, the most rellable ]01nt which has
water tlghtness, flexibility, and durablllty ‘is probably the rubber gesket -

type 301nt

In view of the above mentloned eomments, Lhe follow1ng JOlﬂtS are re—.

commended for d1fferent materlals of sewer plpc.



(a) Concrete'Pipe_

Recently concrete plpe manufacturers have successfully employed com-
pression rubber gaskets for bell and spigot and tongue and groove Loncrete
A variety of these types of j01nts are available. It is. therefole recommen-

ded that alk coacrete pipe 301nt be of the rubber-gasket type.
(b) Vitrified Clay Pipe

VYitrified clay pipe can be obtained with. factory—applied ‘push—fit}
joints. These can incooperate polyester rings and a rubber '0' rlng,-_
or they. may be of polyurethane with an integral nob. . Any of’ these modern

type jOiﬂtS which prevent 1nf11trat10n would be acceptable.
1.4.l0;ﬂ@épholeS
{a) 'Loeation

Msnholes shall be instalied at the end of each ilne, at allhehanges_
in grade, 81ze, or’ allgnment° and at all. 1ntersect10ns On larger trunk

sewers, however, which can be entered for eleanlng, these changes may be

nade without the requ1rement ofrmanholes.
(b) Spaoing

Spac1ngs of manholes by size of sewer should noL ‘be.more than as. shown
in Table D-5 Manholes should, 1n any case, not normally be more than '
200 metres apart, so that men worklng in a sewer can easlly reach a manhole

in an emergency.

:EalerDr5thsiimum Mahhole:éoscings

Pipe Diam 300 or 600 or 1050 or 1500 or« 1650 or

"~ {m) _ Less " Tess ~ °  Less . -Less: More

Maximum o ST Somp e -

Spacing £ 50 - . 80 100 . . . 150 . 200
(m) S ; - IR R T




In fixing these maximum spacings, similar cities, Both in-Malaysia and
other countries, were.studies. In George Town, where a separate eewerage
system has been in operation since 1933, a max1mum manhole spacing of 90 metres
for sewer sizes up to 600 mm and on larger sized sewers spac1ng up Lo 150 m
has been ‘used as a deelgn sLandald, w1thout much trouble in cleanlng of
sewer pipes. Spacing should be dictated by the type of sewer elean;ng_equip—-~

ment used.

The rod type cleanlng 1nstruments w1ll be used as the main cleanlng
device for years to come, instead of highly mechanlzed equ1pmenL such as
hydraulic.sand ejectors, because of the much ‘lower cost, ease in handllng,
and’ plent1fu1 avallablllty oflabour‘and the need’ to develop. employment
opportunltles for 1ab0ur0§% Accordlngly, the spac1ngs 1n”Table E-5 are
1ecommended except in cases where modern equipment adequate for greater

spacing is pr0v1ded
(d) Dimensions

Except for very shellqw drains end_eewers ef less than 1 metre‘depth
to the invert.(special case) all manholes ehould:be of adequate'dimensiops
for entry and for operation of cleaning rods, The internal size of meﬁhole
should not be 1ess than 120 cm; but larger. sizes are preferable The re—
commended standard classification of manhole diameters and 1nternal sizes

are as follow5'

Table: D-6 - Recommended Shapes, and Mauhole‘Diameter aﬁd Intefhel

Sizes: {(mm)

TYpe'of.

Manhole = = - - ‘Shape Siee o PCoehecfing;Sewer Diémetér
1 Circular 1,200, 2257 to 600
2 " 1,200 “ 900 or less
3 " . 1,500 © 1200 or less
4 " : 1,800 1500 or less

5 ‘Rectangular 2, lOOxl 200 1800 or less




(¢)  Materials

Wateftight manhole covers; either of reinfqrced'condrefe or
cast iron, are to be used wherever the manholes tops may be flooded
by street runoff. or high water. The size of manhole cover should be
greatér.than 60 cm. '

Géneraliy manholes should be citéulér,ZWith_a reinforced bage

and reinforced wall construction,

For_1grger'and'deepe;.manholes,_it is recommended that a
precast concrete base, tapered sections, shaft sections and cover

slabs be used in order to sustain heavy loads.



CHAPTER 2

- COST ESTIMATING PROCEDURES FOR SEWERS

2.1 Geeeral )

The costs associeted with constructing and operating the seweragel
system are dlfflcult to estlmate for plannlng purposes. Thls is true
articularly When the plannlng area 1nc]udes a varlety of geologlcal and
topographlcal features. Also, the costs of treatment processes must be
related to the effectlveness of the processes in remov1ng water contemlnants

to meet a varlety of 1eceiv1ng water condltlon.

In the mESEer plannihg of'the Butterworth/Bukit Mertajam Metroﬁolitaﬁ
Area sewerage and dralnage systems, alternaflves should be con51dered and
evaluated in order to establlqh to most d951rab1e plan.. Estlmatlon of costs'
" of these alternatlves w111 be almost 1mp0051ble in the progect duratlsn,_
unless cost functlon relatlonshlps are developed The cost functions for

conveyance dre developed on the basis of 1976 price levels in Penang State.

2.2 Counstruction Costs :

Constrsction cests of the project may.be‘defihed as. the sum of”all expen—
ditures required.tO'bfing the‘proiectgto'completion. IThese expendjtures_are
d1v1ded Aduto dlrect 1tems and 1ndlrect 1tems. The dlrect 1tems 1nclude :
excavation of trenches . laying and: constructlon of sewers, and all the
related construction works 1nc1udlng 1nd1rect 1tems and any ‘other expendltures
expected In: thlS study, prellmlnary deslgns have flrst been made: to ohtain
quantltles and then these have been multiplied by approprlate unit prlces to
.'obtaln the ‘total costs of prOJect components. For the indirect 1tems, 220

percent was added to- the direct items.



2.2.1 Basic Costs

Tn estimating the construction costs of'the faeiliﬁies, unit costs
for domeetie items ehch as labour, matefiels to behpurchased in
Malaysid, power, equlpment and transportat1on, materlals ard equip-
ment to be 1mported, Were collected and checked by both NSC staff

and local contractors.

Labourers requlred for the sewerage constructlons may 1nc1ude a wide
' range of occupatlonal categories, from common labourers to skllled
operators for heavy equnpment. The current (1976) applicable
labour costs for varlous types of 1abour An Penang State are from

‘M5 8 to 20 per day as given in the Table below.

TABLE n-7 Labour.Costs

Type of Labourer - M$/day Remarks
Coemon Werker 8
Skilled worker - | 15
Cefﬁenter 12
:Stene'masenry ' ' 12
Plumber = = 15

- Foreman ' - 20

" Data:source: PWD

Generally, for constructlon of structures, 1nc1ud1ng pumplng statlons
and treatment £ac111t1es, most of the materla}s requ1red in the pIOJect,

are ava:lable, except mechanical equlpment which will be 1mp0rted on

an 1nternat10nal basis.

'Reinfercing bars; tiﬁber, sand and gravel for concrete products,
;v1tr1f1ed clay pipes, and centrlfugally cast reinforced concrete.
._plpes (less than ‘1,800 mm 1n dluneLer) are avallable in. %elay31a.*”

“Fhe unit price of: these basic- materlals are given in the follow1ng

=tables.

Land'vauisition coet'in'1976”price level in the Project Area is’
estimated on the basis of 1nformat10u obtalned from Butterworth

Manicipal Dept. as shown in Flgure D-1.
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TABLE:D—S Price of Basic Materials - (1)

Ifeh Unit’ ) _Priéé.(M$) ._ Remarks
Cement . ton :109
Sand ’ . cum . 12
Gravel - cu m - 27
Sfeel_ﬁar ton 610
Tinber. | ton 410

Vitrified clay pipe

4150 om © 12,99
$225 om o 21.65
$300 o m 3250

Data source: Local contractor

TABLE -9 Price of Basic Materials - (2)

-item o . Unit Price (M) Remaxks
Centrifugally cast ' _ ~ with high élumina'
concrete pipe - cement mortar linings

. _ and rubber ring .
$150 . m 19.94
$225 n 29.45
4300 n 36. 34
$375 om 50.71
$450 m 58.85
$525 m 70.00
4600 ‘m [ 78.36
$675 m 9885
$750 ‘m 109.67
" $900 m 140;15
41,050 . 178,03
#1,200 - m. . 196.89
41,350 n 250,99 .
$1,500 m ©290.66
m - 377.87°

¢1,800

'__Data'éource: Hume Industry at K.i & K.L Sewerage Méstér Plan .
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TABLE D--10 Unit for: Construction,

including Labour and Materials

: .Item .Description Unif_ _Cbst kM$)
Concrete ' mix. 1:2:4 cu m . ) 94.17
" | mix. 1:3:6 o 78,47
Reinforeed concrete ' " 392,39
‘portar works mix, 1:2 LU 103;60
Surplus soil removal _ i " 1.96
Excavation E@pen cut . n 1.96
" trench (depth 0-1.5m) Cow 6.54
" " " 1.5-3.0m) e 9.16
" "o M3,0-4.5m) 0 M 19.62°
" WM A6 0m) M 31.39
" Mo " 6.0~ ) L 39.00
S1as v S
Backfllllngqggzctiqn | _ 1.57
Bedding sand bed . v g3
" gravel bed - . 26.16
Forming ; . . sg.m 13.99
Dewatering _ | houf ' " 5.50
Restoration of paving . sqm 20.00

Sheeting B - ton 393.70

Data source: PWD & Local contractor

2.2.2 Unit Costs for Sewerage Systém

.UOhstfuctiOn costs were estimated for‘ﬁhe:sewéragé_Syétem; taking
into account the known of'esfimated bosts-bf excavation, sheeting,
dewvatering, bedding, pipe:Supplying and laying, concrete placing,-

forming, reinforcing, restoration of paving and contractor's profit
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and overhéad; ‘The cost’ estimations were developed for normal condi-

tions excluding such additional costs as required for rock excavation,

relocation of uhderwground utilities, foundation or deWétéring for

whlch épecial technics are rcqulred, and any works requlred for

special condltlons.

(a)

. Sewers and Open Channels -

Average unit costs per meter of c1rcular plpe,_square castm'
Jin- place culvert, and trape201dal open channels of various
sizes were devéloped, taklng 1nLo account the local condi-~
tions such as avallablllty of materlals, eff1c1ency of
labour, and soil Londltlons.
i) Cichlai Pipés.
Five different 31zes of c1rcu1ar plpes, 15 e, 30 cm 60" cm,:‘
120 cm,'and 180 cm in: diameters, each for d1fferent earth
;coverlng of 2 m, 4 m, 6 m, 8m, and 10 m were c0n51dered
‘:together w1th estimation of construction costs.
The average_unitzcosts;'aé éstimaied,fof circular pipes,
are summariéed in.the félloWing table:
TASE D-11 l Estlmated Conutructlon Costs of Circular’ Plpes, (Mé/ﬁ)
: _including manhole
C\‘"‘\Depth of o
Dlameter ‘“«Excavat1on : : o : _ : .
(m)= “~\igzk 2.0 .4;0 _ l6.0 8.0 10.0
0.15° 1 120 2200 790 . .
0.30 1160 270 860 2,320 2,860
0.60 {270 410 1,070 2,590 3,180
1.20 {780 1,540 3,200 3,870
E 1,80 ¢ R ~1;2?05-A2;120:0h3,959 ' 4,710

ii). Open Cﬁannelé



Construction cost (M$/m)
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2.3 :Cost Functions

Cost functions were derived on the basis of the unit costs cal-
culated in the previous paragraphs. The equations to be used for
planning were selected, then the functions were developed by the least

square method.

222.2 D? + 166.7p + 90

: Deptﬁ = 2.0m c =
= 4.0 ¢ =173.5 p2 + 300.3 D+ 168
= 6.0 ¢ = 150.7 2 + 516.6 b+ 702
= 8.0 _Cp.m“175.9'52r+ 714.7 p + 2,093
= 10.0° ' cz = 175.5 p% + 860.8 p + 2,591
Where: -
Cp = Construgtigh cost, MS/m
D = Pipe diameter, m



CHAPfEk 3
COST FUNCT]ONS I‘OR PUMPING STA"IONS

3.1 .Qﬁnerql

In develop:ng cost functions for pumplng stations, cost estlmates _
were made for six atatlons, dlfferent Capac1ties of 0.05 cum/sec, 0 2 cum/sec,
0.5 cum/sec, 0.87 cum/sec (75, 000 cum/day),_ .73 cum/sec (150, 000 cum/day),
and 8.68 cum/sec (750,000 cum/sec) for depth of inflowing conduit at 10m

{(assumed average depth).

The pumping stations which_have.capacity of more than 0.5. cum/sec.
consist of gates,. screens, grit chambers, grit removal facilities, pump
well, building‘fdf'pumping équiment and controling devices, piping étc.,
but for the smaller pumplng stations of less capacity than 0.5 cum/sec,

no grit chambers are 1nstalled

A flow chart of the station of more caﬁacity than 0.5 cum/sec . is

given as follows:

Bar | | Grit .| [Pump

s . . onduit
Inflowin L~ _ o
“““"‘“"gﬁ_screen M chamber [Twell-

A,flow chart of the station of less capac1ty than 0.5 cum/sec,

is given as follows:

Pdmp.
well

Inf lowing hdudit

L

3.2 Construction Cosf

Constructlon costs 1nclud1ng 20 percent of over’ head are estimated
for each of the & cases for their civ11 works, plplng, bu1ld1ngs, equlpment
electrlcal and controling devices, and other appurtenances, and are

summarized in the following table,,
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TABLJZDWLZ Construct:on Costq of Pumplng StaLions
: of 10m Depth by Capacity

_Unit : 1000 M$

Capadity' Civil_wbrks & Machinery .~ Total - ~ Remarks

(cum/sec)  Building & Electricity
0.05 108 76 . 184 without
- . . : grit chambers
0.2 170 137 307 o |
0.5 237 - o 227 464 "
0.87 2,411 1,881 4,292 with grit.
. 7 o o * chambers
1.73 1 2,954 4,015 6 969 "
8.68 . 9,668 11,325 20,993

3.3 Cosf'Funttibn

As 111uerated in Flgures D- 3&4—the cost functlon of ‘a pumping

station may be expressed in the linear foam as :

C. = a Q.+ b-.
P

where . ¢, b -: ConsLantq : _
Cp:_ B Constructlon cost, 1000’M$
Q : Peak flow‘raté, éum/Sec.

The values of ”a" and "b" are obtained by the lease square method.
Hence, the cost functlons may be expreesed as:

C

p B

A

-

608;1'Q'+f166 (@ < 0.5 cum/sec)

o}
1t

2092.0 Q + 2,885 (Q > 0.5 cum/sec).
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FIGURE D-3 Construction cost for pumping station of
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'CHAPTER 4.-

- COST ESTfMATING'PROCEDURE FOR TREATMENT FACILiTIES

4.1 General, . _ 7 . _

Development of a relaticnship between Cépscity”and cdSt:of'tféatmentr
in the form of a cost function'is thé most practicable aﬁptoéch‘in
sewerage system plannlqg so that. various a- ternat1ve can easlly be

est1mated

The construction costs of three dlfferent treatmenL processes},
stablllzatlon pond, ‘aerated lagoon, and oxidatlon ditch, at five different
capac1tles, 5 000 cum/day, 10,000 com/day, 50,000 cum/day, 100, 000 cum/day,

and 200,000 cum/day, wvere evaluated,_then cost functlons were c‘lev'eloped_°

4.2 Stabilization Pond Process -

A flow chart of the stabilization pond process is given as follows:

: S Sédiﬁehtatids jlst f@ - _‘.52hd' : o
Inflowing,| E |JStabilization W Stabilization} Effluént\
tank Ny * pond ) pond el
R AR e . .
“ Digestion'_*_;_rffﬁf%Prysng bed
tank . i e e o .

The constructlon costs of c1v1l works were on the ba51s of materlal
costs at 1976 Penang State prlce levels. Costs for equ:pnent were '
estlmated based on costs in Japan but adgusted by addlng shlppina chalge'

and customs duties.

Table D-13 shows estimated construction costs_includihg 20 percéht-

of over head.
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TABLE D-13 Construction Cost for Stabilization

Pond Process by Capécity
Unit:1000 M3

ryﬂciW 5000cumfday - 10,000cum/day  50,000cum/day

\\\\ Z

100,000cum/day 200,000cum/day

works 1,278 2,209 9,665 18,227 35,860
$uilding '

rety 260 377 422 818 1,610
pricity

e

! 1,538 2,586 10,087 19,045 37,470

As illustrated din Figure D-%5, the cost function of a stabilization pond

process may be expressed as linear form in the logarithmic diagram.

b
CS = aqQ
where a, b : constants
CS : Construction cost, 1000 MS
Q : Daily average flow, cum/day

The values of "a" and "b" are obtained by the least square method. Thus,

the cost function may be expressed as:

CS = 0.939 QO'863
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FIGURE D-5 Construction cost for stabilization

pond process by capacity



4.3 Aerated Lagoon Process

A flow chart of the aerated lagoon process is given as follows:

Inflowing ' \ -
Coienh e Wl Sedimentation 5 Aerated Maturation| “Effluent N
tank lagoon pond
Digestioﬁ Drying

tank ' bed

PR L P
o g i . ——

~

4

e
Construction cests including 20 percent-of over head is tabulated

in Table D-14.

TABLE D~14 Construction Cost for Aerated Lagoon

Process by Capacity

Unit: 1000 M%

ity 5 000cum/day  10,000cum/day 50,000cum/day 100, 000cum/day  200,000cum/da
frrorks 4 059 . 6,701 23,856 43,361 81,347

{lding

foery 319 494 1,010 1,994 3,964

Heity '

| 4,371, 7,195 24,866 45,355 85,311

The cost functlon may be expressed as:

c, - 4,583 Q 0.801

D = 36
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44 Oxidation Ditch Process

A flow chart of the oxidation ditch process 1s given as follows:

P

s e
o r

. 1 st . 2nd.
Iﬁlo‘hing:? Sedimentation > Oxgiizﬁon Sedimentation
tank o ‘tank
§
Digestion '
tank Drying bed

L

Construction costs including 20 percent of over head is tabulated

in Table D-15.

TABLE D-I15 Construction Cost for Oxidation Ditch

Process by Capacity

]

Unit: 1000 M$

Capacity 5 oo 10,000 50,000 100,000 200,000
Trem cum/day  cum/day  cum/day  com/day  cum/day
Civil works 1,966 3,385 14,489 28,540 56,318
& Building
Machinery 2,916 5,549 25,739 51,329 102,499
& Electricity
Total 4,882 8,934 40,228 79,869 158,817

The cost function may

be expresse as:
0.944

Co = 1,522
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CHAPTER 5
OPERATTON AND MATNTENANCE COSTS

5.1 General

Genelally, comprehen51ve sewerage system consxsts of sewers, pumplng
stationsg, and tredtment_facllltles. And to malntaln Lhese fac111tles
sighificant expenditures'sre;reqhired; They:ars salary for opexaLors
and labours,'electriéity; purchase of eqsipment, purchsse of machine

0il, repairing cost, etc:

Cost functions for sewer maintenance, operatlon and maintenance of

pumplng stations' and treatment faCilltleS are developed respectlvely

5.2 Sewers-

Maintenance costs for sewers were’estimated based. on the following

assumption?

(i) Frequency of ‘cléaning _
' for public sewers: once in every 4 years
for house connexion pipes: bnce'in‘every_lo years
(ii) Abiiify to ciééﬁ‘by'dné team
for publlc sewers._ 150 m/day

: for house connex1on plpes.' 2. 5 hours/connexion
(iii) Useful llfe of the cleanlng equlpment. 10 years

(iv) Team, members,i- 7 _
for publlc sewers: 6 persons B : . .

for house connex1on plpes. 6 persons

{(v) 'Others: 50 percent of equipment cost includlng costs for

' parts, repairing, overhaullng, etc.



(vi) Annual.fehabilitaﬁidﬁ cost of sewer: 0.5% of construction cost
(vii) Working days and hours
Working days: 300 days/year
‘Working hours: 6 hoﬁfé/day
(v111) .wakerfcost. 8,00 MS/day

(ix) Prlce of machlne | ;
Power driven bucket machlne' 121,000 Mi#/set _
Flexible rod type equ1pment.& high pressure. cleaning machine:

77,000 M$/set

Baued on the data and assumptlon above, it was estlmated that 1.70
M5 w111 be necessary for malntenance, one metre of’ publlc sewers per

year, and 0. 70 M$ for house connexion.

5.3 Puﬁping Stations

Accordlng to the capacity, dlfferent system is con31dexed for
pumping station, that is, no grlt chamber ds . 1nstalled for statlon of
smaller capacity than 0.5 cum/sec. Therefore,.two cost functlons,_for
more capacity than 0.5 cum/sec and f01 1ess capaclty than 0 .5 cum/sec, ’

are developed.
In developing ‘the cost functions,_followiggs'are.aséuﬁed-in advance.
{a)'ber’statiénfbf méfe'cépaéity.than'OQS 0um/5ec,'&aiiyféﬁefage
"numbéfvof dpérator*or'léboﬁr is ‘1 {one) person per station,
(b} Far statlon of less capac1ty ‘than 0.5 cum/sec, daily éverégé_
' 'number of operator or 1abour is 0.1 person per station, and

(c) Electrlcity is assumed at 8 Mﬁ/kwh and average sa]ary of

operator or labour is assumed’ at is M$/day.
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: The operatien and maintenance coqte by capacity was then eqr1mated

as shown in Table Ea16 and Flgure E~7

TABLE D-16: OPeration and Maintenance Costs for Pumplng SLatlons by Capacity

Unlt. 1, 000 M$IYear

| ‘Gapacity - - - 0.05-cum/sec. 0.2 0.5 - 0.87 1,73
bem TR A T
salary o o ., 0.5 .05 .55 5.5
Blectricity,etc, - - 5.3 . ... ..23.7. 52,3 102.0 .127.2
Total | .- 15.8 . . 24,2 52.8 107.5 132.7

On the basis of these flgures and Flgure E—?, cost functions for

operatlen and maintenance of pumplng statlon were obtalued as follows:

o
§i

84.1 Q, + 9.9 _(QP Sos cun/sec).

... =29.3 QP +82.0 (Q )-0 5 cum/ sec)
where . .
Qé : :Peek fldw,"cum/sec'

_ QM? - Op ratlon and maintenance cost, 1,000 M$/year

5.4 Treatmeﬂtj?laﬁte

Cost functlons “for three dlfferent treatment processes,.stabllzza—

tion pond, aerated lagoon, and ox1dat10n dltch, are developed

In develbpiﬁg.the cost functions for treatment plants foilowings

are assumed in advance.



(a) Déily aversge huﬁber of operator or labour is 2 (two)

persons per plant, and

(b) Electricity is 8 Mﬂ/kwh and average "salary of operator
or ‘labour is 15 M$/day.

Thé dperation'and maintenance costs by capacity by treatment pro-

cess was then estimated as shown in Table Dvl? and Figure D-8, D-9,

and D- lO
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= (b)

TABLE D«]YOperatiOn'and Maintenance Costs for Treatment
Plants by Capacity by Treatment Process

unit:'1000M$/Yeaf

' Capacity 5,000 1,000 50,000 - 100,000
ftem — - cum/day B R 5

™ 1200, 000
(a) Stabilization Pond S :
Salary . 10.95  10.95 10.95 10.95 10.95
Electricity, ete. - 3.45 1 4.09 5.8 9.61 16.99
Total 14,40 15.04  16.86  20.56 27.94
Aerated Lagoon _ ) _ 7
salary =~ o . 10.95 . 10.95.  10.95 10.95 110.95
Flectricity, etc. . 28.67 54,55 258,17 514,18 1,026.14 .
Total ~ 3962 65.50  269.12 . 525.13 1,037.09
) Oxidétion_Difch_ . . 7 _ . _ o
salary, . 0 10.95  10.95 © 10.95 1095  ° 10.95
Flectricity, étc. 207.17 . 411.52  2,031.61  4,061.0L = 8,119.81
Total = 218.12  422.47 2,042.56  4,071.96  8,130.76
On the b331s of these figures in Table " and Figure = ., cost functions . .

Sy For stablllzatlon pond procese

- MS B, 89 x 10 Q 4+ 13. 9
(ii): Fof'aerated lagoon
A= 511 x 10 39 + 13.9

M
(iii) For oxidatlon dltch

o +
MQ 4 05 x 10~ Q 15 2

here ( = ©I Operatlon and malntenance cost

MS, MA, MO“ )
g Dally average flow, cum/day

1000M$/yeaf

'operatlon and malntenance of treatment plant were obtained as followeq
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