A-4 Catchment: An old tributary of the Aur River

$-5 and 8-7 catchments: One retention pond in 8-6:catch-
ment is utilized for three catch-

“ments along the Kelang River.

5-9 Catchment: Retention pond is to be construc-
 ted in the swampy area in the

neighboring S$-11 catchment.
- 8-10 Catchment: It would be necessary to acquire
' the sports ground belonging to
the Malayan Railway.
A-5 Catchment It would be necessary to acquire

open space in the downstrean,

'5.2.3. Decreasing Stormwater Discharge

Inundation upstream and midstream ‘of each catchment is caused
by inadequate capacity of .drains. Countermeasures for prevériting such
inundation are: a) to 1ncrea=;e ‘the ex1st1ng capacity of drains and b) to
decrease the stormwater chscharge so as to Lompenuate the inadequate

capacity of the drain to the extent possﬂ)le.

In order to deccrease stormwater discharge, four measures are

considered as follows:

(1) Cdnstruction of retention pond upstream to enablé storage of
_ part of the stormwater discharge to decrease peak dlschargo
(2). Provision of as much open space as possible to prevent

" inerease in runoff coefficient and to hold water during heavy
rainfall, | '
(3) Use of highly permeable matemal as pavement material, to
prevent increase in runoff coefflment

(4) Construction of diversion channel.
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Table 5.2. Comparison of Construction Cost between Pump

and Retention Pond

(Unit: M§1,000)

giﬁghﬁs?t Item Pumping Station Retention Pond
Installatlon‘ 25, 300 2’000
or Construction
S-6 Land 200 2,960
Acquisition
Total 25,500 4,960
Installatlon' 23,200 960
or Construction:
5-9 Land = 144 960
Acquisition
Total 23,344 1,920
Installation '
or Construction 26,000 1,160
$-10 Land = 153 1,230
Acquisition
‘Total 26,153 2,390 .
Installatiqn; 12,300 0
or Construction :
Land .
Afa Acquisition 160 0
Total 12,460 0
Installatxon'. 17,000 770
or Construction _ :
A-5 Land 172 1,080
Acquisition
Total 17,172 1,850

Note: 1. Engineering fee and contingency cost are not included.

2. Construction cost of retention pond. for A-4 catchment is
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used as retention pond.




1) Upsti’cam Retention Pond

A retentlon pond, planned for an upstream dram, would serve to
mitigate or decrease peak stormwater runoff downstream, and therefore
would not require a large drain. TaPing N-2 catchment as an example, the
'reqmred land is available so that hampermg envisaged town plannmg is
avoided. The total estimated cost, including an upstream retention pond,
becomes cheaper by about 2 percent than originally planned. (Ref.: Table
5.3, and Fig.‘ 5.2.) However, a system with this type of retention pond is
not proposed, consuiermg the oxtensive land required for development of
the town of Kelang, when only seven-tenths of the population, which is
cstimated to reach 500,000 in the year 2000, is planned within the Project
Area. If the population of a certain catchment were to be limited due to
decrease in land space used for a retention pond, it would become neces-
sary for part of its population to be shifted to another catchment. This, in
turn, would nécessﬂﬂte improvement of that catchment, as well as such

present problems as commutmg to the shified population.

Table 5. 3 Construction Costs for the N-2 Catchment

(Unit: M$1, 090)

DescrLption Without Upstream With Upstream
p__ Retention Pond Retention Pond
A, Facilities i Range in Size: Range in.Size:
8.2 7.8
R 4.0 x 2.1 R 4.0 % 1.9
" %runk Drain ¢ 4,485 e ) 3,979
10.0 8.1 _-
R 0¥ 2.5 R 3.5 % 2.3
Pump Station ' - -
Retention Fond - (v=9,700 m%) 250
Sub-Total 4,485 4,229
B. Engineering Fee |- 673 534
C. Contingency Cost (1,032 973
D. Land Acquisition
Trunk Drain 2,835 2,400
Retention Pond - (A=5,000 m®) 1,000
Sub-Total 2,83 3,400
Grand Total : 9,025 9,236

R: Rubble Wall Channel
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~ With  Upstream Retention Pond

w138x20. ghape and Size (m) . ) —
05 - Slope (%/es = 171000) Pign for N-2 thchmem With and Fig.5 . 2
490 - Length tm) Without Upstream Refention Pond { -
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2) Diversion Channel (M-6 Catchment)

‘a) N-6 Catchmén‘t

The M-6 catchment downstream is the developed 'comrﬁercial area
in I\elang North wh(,re the Federal Highwav runs through. A box culvert
of onc meter diameter is laid in this area. Replacement of this box culvert
would be more difficult than enlarging the existing open channel, taking

into. account the devéiopéd area and heavy flow. of traffic.

i} Alternative A.

Therefore, the downstream route is shifted west of the Federsal

Highway, as shown in Fi_g.5.3.,ir1 order to p_fovide ease of construction.

ii) Alternative B.

.Ano{her alternative is to make a diversion channel to reduce peak
storm discharge. One possible. route is aloﬁg‘ Lorong Sireh in N-5 catch-
“ment in the direction of the N-4 trunk drain, as shown in Fig. 5.4, The
connection is made w1t_h N-4 trunk drain, mther than tho neighboring M-5
trunk drain because of hig‘her e]evation' in N-4 catchment to avoid the flow
of stormwater into the lower N-5. catchment. - It is noted 'that there is suffi-
ment open space downstrpam in N-4 catchment, which would facilitate expan—

“sion of N-4 catchment trunk drain. (Ref.: Flg 5.4, )

i) Alternative C.

Another alternative route leads toward N-7 catchme'nt. including
prowsmn of a tunnel to cross the more than 30 meter-high hill, which
lies in N-6 and N-7 catchments. (Ref.: F}g 5.5.)

iv) Evaluation of Alternatives

Of the three alternatives, A involves the least expense, followed_
by Alternatives B and C. - However, the Alternative A route runs through
the most congested area in the Project Area so that extra precaution would -

be required in the c‘ohs_truction work, Construction work in Alternative B
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would be easier than in A, despite its route along Lorong Sirch in a deve-

loped residential area.

On the other hand, the work involved for Alternative C would be
easier, since its route rung mainly along an area which is presently vacant,

although tunneling would be required.

From an overall 'techniéal and economical viewpoint, Alternative A
is recommended on the premise that the difficulties presented by its con-

gosted location are surmountable through current advanced technology.
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Construction

Facility ize L‘i‘gﬁ!\h Cost (M$)
Drain ] '
(1) |we4x24 | 270 | 397000
@ | 24 24| s80 1,305,000 |
] (é) w82x24 | 225 | 245000
(ZD Ug'g x25 | 400 | 444000 _
(é) wgdx26 | 370 | 414000 | -
@ wIgx27 | 80 94,000
i @ BI5x15 | 155 | 279,000
@ misxis | 295 | 531000
(;) nal x2l 80 | 188000 |
@- Liz2x 12 | 125 75000
@ wi4xi4 | 25 | 18000
@ 4 16x16| 20 | 17,000 |
q;,) fu1ox1g | 180 198,006 _
%QZD lwarxa2r | 220 | 275000
@ v 29 29| 20| 37000
Gate : S
@) | 260000
2R | 155000
63 155000
Total 5087,000

Scale ' 1i 10,000 7

e,

" Alternatives in N-6

Catchment ( Cose B}




Construction

Facility Size(m) L?n“%’h Cost{M § )

Drain 29 . : :

_ @ w g X2l 225 224,000
). w{2x22) 400 | 410,000

N u8'6 x23 :
@ 40 %2 370 | 394000
(@) w@Bx24| 80 | 89000
@) BI5xI5| 185 | 279,000
@ B 15x15| 295 | 531000
@ malx2l| 8o | ts8soco |
* Tunnel

@ 026 - 200 [2600000 |
@ Le24x24| 305 | 448,000
(9) |u24x24| 300 | 441,000
@ Wesx25| 675 | 1,046000
@ LBI5x15| 225 | 180000
(2) |wiBx18| 220 | 227000 |.
(3 |uzix3l| 20 40000 |
Gate '
@ 225000
@ B 155,000
@' 1155000
) Total | 7,632,000

Cotchment  { Gase ¢ )  [Fig. 5.







h) S-5 Catchment

In the case of 8-b catchment, since expansion of the midstream
trunk drain ("C" in Flg 5.8) is d_ifficult-, the trunk- drain is planned to be
diverted into the $-8 catchment trunk drain in order to combat flooding
midstream (indicated as "A" and "B" in Fig. 5.6). |

Additidnallv in the western part of Kelang South, the low cle-
" vation of landextends so widely that a pumping or retention pond system
needs to be apphed in leu of gravity system  While the retention pond
system is more economical than the pumpmg system as compared in the
preceding sectibn, the land available exists only along the Kelang River, as

shown in Fig. 5.6,

- This particularly low area, which is indicated in Fig. 5.6 is lower
than downstream, which makes dramage dlfflcult It is inevitable that the
planned draln water level in this catchment should be low for proper drain-
age. Thus, the . dram water level of R.L. +1.0 to +1.5 m is far lower than
the planned Ke]ang Rlvor water level of R.L. 42,1 m. As a result, a
larger area would be requlred to accommodate ’ghé'shallow depth of the
pi’oposed retention pond. To avoid these di's:advaﬁta_ges, the existing
‘upstream trunk drain of.S--5'catc‘hment is planned to be diverted into that
of S-8,

Landfilling in this ‘area mig'ht be an ‘effective alternative method to
overcome localized flooding but housing development, which has already
taken place, including drainage system to meet existing topographical condi-

tion, pres'ents difficulties.
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Fig. 5.6. Layouttﬁ‘Exkﬁﬁig Drains in 8-5 Catchment

legend :

——5 Existing Main Drain
~+--3 Proposed Main Drain
77 Below R\L. + 2.5 m

Table 5.4. Construction Cost for S-5 to 5-8 Catchment

Line*!  Length —-- Case gonst - tase B P
. Widt i ruc- s onstruc—
No (m) idth x Height tion Gost . Width x Height tion fost
(m) (%) (m) (M$)
1 740 € 6.6 x 2.8 2,690 C 4.4 x 2.5 1,598
2 630 €C3.7x20 1,077 C 3.7 x 2.0 1,077
3 1,780 ¢ 3.4 x 1.8 2,706 C 5.2 x 2.6 5,340
_ {362)
.20 B 2-1.7 x 1.8 .46 82-2.6 x 2.6 78
9,7 : . 10.9
4 780 R g% 2.1 800 R 5.5 x 2.7 236
20 B 3-3.3 % 2.0 630 B 3-3.6 x 2.7 900
5 400 A 44t R 128 420 512
7.5 7.0 *. (81
- 12,1 (170} - _12.8 8]
6 50 R 75 ¥ 2.3 56 ‘ R0 % 2.9 64 -
7 557 R ig'g x 2.9 785 R ig‘g-x 3.0 766
. (189) : (141)
10 Br. 18.8 1,045 Br. 16.0 830
8 1,070 C 6.0 x 2.8 1,880 S -
60 B 2-3.0 x 2.8 325 - -

" Tidal Gate for S-6 - 235 - 310
Tidal Gate for S-8 . 390 - 340
Retention v = 118,000 wm? 1,480 ¥ = 225,000 m3 2,650
Pond - : {2,160} (4,120)

. A = 54,000 m? 16,589 A = 103,000 n? 15,501
Total* (2.519) (6,784)
Total 19,108 Total 20,285

*1 Line Nos. are showm im Fig. 3.7.
*2 Engincering fees and contingeucy costs are not included.
%3 Figures in parentheseg are land acquisition cost.

C¢: Concrete Channel R: Rubble Wall Channel
B: Box Culvert Br: BRridge
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5.3, Proposed Drainage System

5.3.1. General Background

Based on the general consideration stated in the previous section,

this section describes the proposed Master Plan program.

‘The recommended plan includes improvement of existing facilities
-and installation of new facﬂltlecs such as bunds, tldal gates, retention pondq
and trunk drains. Gravity flow system is apphed in the catchments wher-
ever possible. In a few catchments .where gravity cénnot be employed,

retention pond is recommended,

5.3.2. Description of Facilities

Figures 5.8 to 5.10 show .the layouts of the ultimate drainage
system. Descriptions of the improvement work and proposed new facilities

for the drainage system are given in the following tables and figures:

Table 5.5. . Dimensions of Trunk Drain and Tidat

Gate according to catchmeﬁt_s

I‘lg‘s 5.8. to 5.10. General Plan of proposed Drainage
o System

Table 5.6, Dimensions of Retention Pond

I‘1g‘s 5.11, - 5.12. Di_l'n'ensions'of Bund

& Table 5.7.

_The long'ltudmal sections and hydrauhc computatlons of trunk

drains are presented in Appendlx ¥, Vol. VIII: Planmng of Facilities

Standard structures of trunk dram and tidal gate are presented
in Figs, 4.2. and 4.4. of C‘hapter 4, ' '
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Table 5.5. Dimensions of Trunk Drain and Tidal Gate According to Catchment

Catchment Trunk Drain i Tidai Gate
Code No. Length (m) R%g(EhOE(m)and Height (m) (m?)
: 1.2 29.5
M-l 6,140 60 X 260,375 % 3.0 87
2 3,600 sax 220 Dl 19
5.0 T
3 780 20 X 15 5y x 19 6
» 6.4 9.5
4 2,660 Ag XL w2 18
5 1,425 1.6 % 1.4 " 2.8 % 2.3 11
6 2,985 1.5 x 1.5 " 2.4 x 2.4 1
7 1,455 1.2 x1.2" 2.9 x 2.9 11
' 6.8 13.0 _ .
8 5,070 b x19n B lxas 26
: 7.2 14.0
8 5,510 3.0 % 2.1 n 9.0 ¥ 2.5 29
s-1 180 2'8 x 2.0 12
7.8 9,0
. 4
2 1,790 Joxlote Jgx20 14
3 350 1.6 x 1.6 . 3
4 700 2.7 x 2.0 5
5 4,335 i‘é x 1.3 to g'g x 2.1 10
Ty, 2.0
6 1,300 Toxbe T x 2. 23
5.4 9.5
7 _ .1,600 2.0 X 1.? " g g X 2.0. 19
8 4,167 3.7 x 2.0 }2‘?, x 2.9 46
9 3,030 2.3 x 1.7 7 gg‘ x 2.0 18
10 " 3,680 2.5 % 1.9 n 1(51.§ x 2.5 20
6.8 25.4
ML 10,810 SoELIn k0 61
2 3,230 1.9 x 1.5» 5.0x 2.3 - 14
3 4,200 1.8 x 1.5 w Z]SL x 2.3 14
4 1,595 1.1 x 1.1n 2.9 x 2.9 11
5 1,830 2.5 x' 1.7 f'g x 2.1 13
01 7,647 ' 4.9 x 2.5n 132 x 3.2 -
2. 1,380 3.0 x 2200 T2 x 2.6 -
3 4,387 1.6 x Li6 n 12; x 3.1 -
4 3,080 S22 x 15w 10k 3 -
5 3,127 2.0x 2,00 100 ka2 -
: N 5 14,2 B :
6 15,100 2.3 % 2.0 070 4.1 | -
Total - 107,147

All facilities are presented in Appendix H.
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Table 5.6. Dime_nsibﬁs of Retention Pond According‘ to Catchment

Catchment Required _ Depth -Remarks
Code No. Volume (m?%) (m) ’
§-6 118,000 2 For $-5 and S-6. catchments
5-9 70,000 2
5-10 88,000 2
' Existing swampy area is used as
A-4 - - . !
retention pond
A-5 53,000 2

Table 5.7. Dimensions of Bund According to Catchment

Catchmént' Height of Length Catchment Height of Length
Code No. Bund {(m) (m) Code No. - | Bund (m) {m)
: .o | 4s0 1.0 400
H-3 ; : §5-2 -
0.5 600 o 1.5 630
0.5 170 5-3 1.0 210
N-4 1.0 - 240 S-4 1.0 : 280
1.5 | r20 ' 1.0 300
: §-5 _
N-5 -0.5 270 ‘ 1,5 . 380
N-6 0.5 830 0.5 1,240
- 5-6
0.5 580 1.5 650
N-7 1.0 o0 . s-7 0.5 400
1.5 1 190 A=3 I o5 980
N-8 1.5 1260 A6 1.0 | 1,190
Qut of
‘Project Area 1.0 530 Total 11,530
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5.3.3, Layout Planning

1) Drainage System with Gravity Flow

(Catchments: M-1, N-2, N-3, N-4, N-5, N-G, N-7, N-8
and N-9 ' ‘
-1, $-2, $-3, S-4, S-7 and S-8 (8-11)
A-1, A-2 and A-3 (A-B)
0-1, 0-2, 0-3, O-4, O-5 and 0-6)

Adoption of the gravity flow system is recommended wherever

possible, which includes all of the above catchments.

As for O-1, 0-2, 0-3, 0-4, 0-5 and 0-6 catchments, drains are
planned with slopes corresponding to the ground surface slope to carry
stormwater runoff in the drain to the ‘border of the Project Area, and not

to the sea, since the ‘sea is about 3 to 6 km away from the Project Area.

_ ~ As to A-6 and S5-11 catchments, landfilling is considered since
development is not possible now due to topographic conditions. Therefore,
drainage facilities are not planned in these catchments, but drainage sys-—

tems utilizing gra\}ity flow can be planned.

2) Drainage Svstem Utilizing Retention Pond

(Catchments: S-5, S-6, $-9, S-10, A-4 and A-5)

Construction of the retention pond is recommended because of low

ground level in the above catchments.
3) Bunds

_ At present, bunds are in existence but their poor condition
requires improvement to prevent the sea or river water from flowing onto
the ‘are'as; since the Project Area is situated at low elevation and easily
afféeted by tide and/for river. These works would have to be undertaken

at an’ early stage.
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The bund crown is to be R.L. +3.6 m with 0.5 meter freeboard
based on the highest Kelang River water lovel of R.L. +3.03 m recorded at
Jambatan Kota on Movember 13, 1981, Wh_ich is higher by 0.5 meter than
the predicted R.L. +2.5 m in Tide Table, 1981,

Bunds stretech along almost all areas facing the Kelang River, the

Aur River and sea, as shown in Figs. 5.11, to 5.12.
4) Tidal Gates

At present, many tidal gates are installed for. every trunk drain
but they are not only undersized but are defective in watertightness.
Thus, 1mprovement of the tidal gates is necessary to provide adequate relief

from tide—caused flooding.
The improvement work 'ineludes tidal gatés to be generally in-

gtalled near the river to utilize swampy areas, although some existing tidal

gates are installed quite far from the river.

‘5.3.4, Cost :'Estimati.on

"Capital cost estimates are prepared for the proposed drainage

facilities by use of cost eurves, as presented in Section 4.7.

Conqtruction. cost for the Prm’ecf can be defined as the sum of all
expendlture% required to brmgf the Project to completion. Theéo expéndi‘
tures are divided into “direct and  indirect items, mcludmg civil works,
procurement and mstallatmn of eqmpment, contractor's profits, overhead
fees, and all related construction work. lence, in préparing the estimates,
allowances of 15 percent and 20 percent of the capital cost of works have
been included to cover the cost ‘of engineering fees (mcludmg design,

survey and supervision) and contingencies, respectively.

A summafy of the costs for'éach catchment is given in Table 5.8.
The constructlon costs for A-6 and 5-11 catchments are not included . as
there are no defmlte development plans for these swampy areas, although
landfilling is recommended.

The estimated total cost is 1$292 million at 1981 price level,
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A summary of the costs for each catchment is given in Table 5.8.
The construction costs for A-6 and S-11 catchments are not included as
there are no definité development plans for these swampy areas, although

landfilling is recommended.

The estimated total cost is M$292 million at 1981 price level.
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Table 5.8. Estimated Construction Cost

(Unit:_MSl,OOO)

Construction Cost 7 .

Catchment Land .
Code No. Trunk Tidal Reton- . Acqpi— Engine-| L_‘.:c_ﬁni;lin- Total

Drain Gate Lion Bund 'lotu.l._ si;lon cring pency
o Pond Cost Feo Cost .
N-1 10,066 665 - - 10,731 8,596 1',51_0 2,468 23,405
2 4,.,'275 210 - - 4,485 2,835 673 ] 1,032 9,025
3 668 S140 - 112 920 76 138 212 1,346
4 3,695 200 . - 117 | 4,012 511 602 | 923 6,048
5 2,130 155 - 8] 2,293 - 344 527 3,164
6 3,563 155 - 26| 3,742 - 561 | 861 5,164
7 1,386 155 - 50 1,5.91 115 239 366 2,311
8 6,253 260 - 71 6,_58'4 439 988 | 1,514 9,525
9 6,564 275 - - 6,839 1,064| 1,026 | 1,573 10,482
5-1 176 165 - - 341 13 51 78 503
2 2,278 180 - 12| 2,570 188 386 591 3,935
3 434 100 - 15 549 .83 82 126 840
4 996 120 - - 1,136 a2 170 261 | 1,649
5 7,172 0 - 72| 7,424 5021{'1,080. | 1,056 10,662
6 1,351 238 1,480 122 3,191 2,499' 1,107 1,'698 8,495
7 1,69t 185 - 12} 1,888 229 450 688 3,255
8 15,288 399 - - 15,678 5,988 2,352 | 3,606 | 27,624
9 5,820 185 960 - 6,965 | 1,151| 1,045 | 1,602 10,763
10 6,977 215 1,160 - | 8,352 | 1,361} 1,253 1,921 12,887
A1 12,208 495 - 83 1i,786 5,889} 1,918 { 2,941 23,53
2 5,385 ° 155 - - 5,540 - 831 | 1,274 7,645
3 5,181 190 - 29| 5,400 - 810 | 1,242 7,452
A 1,613 155 0 - 1,788 - - 268 411 2,467
5 2,587 170 770 - 3,527 1,160 529 811 6,027
0-1 15,145 - - - 15,145 2,022 2,272 | 3,483 22,922
2 2,066 - - - 2,066 185|310 475 3,036
3 5,903 - - - 15,903 974] 885 | 1,358 9,120
4 4,876 - - - 4,876 82 731 | 1,121 6,810
5 6,027 -~ - - 6,027 484 904 | 1,386 8,801
5 24,987 - - - 24,987 7,523 3,748 | 5,747 41,905
Telemeter

System - . - 910 - 136 209 1,255
Total 166,781 |5, 338 4,370 827 178,246 | 44,151 127,499 (42,161 292,057
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CHAPTER 6 IMPLEMENTATION SCHEDRULE

It is only prudent and sound to plan the construction of required
facilitieé in phases, according.to their respcctive urgency and ‘benefits to
be derived, due to constraints of financial resources and construction
sche_duiihg. Furthermore, a phased construction schedule would enable
.distribution of capital expenditure over an extensive period of years and

facilitate implementation.

6.1. Phasing

The period scheduled for construction of the di‘ainage system is
16 yéars (18 vyears, including preparatory work), which takes into con-

sideration the following:

. Térget yvear is 2000 A.D..
Feasibility Study and Master Plan have been completed as of
November 1982, : '
. TFollowing the FeaSJblhty Study, two years will be 1’0qu1red to
~ prepare for.constructlon work, such as detailed design, land
acquisition; and tendér call and evaluation.

Consequéntly, construction work will begin in 1985.

Irnplementation  is recommended to be scheduled in three phases, corres-

ponding with those of the BMalaysia Economic Development Program as

follows:
First Phase: 1983 — 1590 (ihcluding two years for preparatory
work)
Second. Phase: 1991 - 1995
Third Phase: 1996 - 2000

It should be noted that the implementation program for the second and third
phases may not necessarily require waiting until completion of the preceding

phase. In particular, budgetary provision, detailed design work, tender
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call and cvaluation may proeeed simultaneously with the precedihg phasc,

provided applicable administrative procedures are adhered to.

6.2, Irhplementation Methods for Improifiﬂg‘ Drainage Facilities

6.2.1, DMethods of Approach

Improvement of the existing dremage system, which was basically
constructed between 30 to 40 years ago, has mainly been conducted
wherever housing development has taken place. Hdwever a drainage
systen independent of a developed area has proved at times to be’ suitable,
partlcularly in relation to the topographlcal situation. For example, the"
formerly swampy undeveloped North Port area,. the surrounding area of
which was likewise undeveloped, has an mdependent drainage system. Its
stormwater is drained directly to the sea end not through drains of other
catchments._ In an industrial zone of A-6 catchment, stormwater is ‘also
drained directly to the Aur'River, so that it does not affect or cause any

damage to other catchments.

However, such cases are not usual in dramage mprovement The
improvement of the dramag‘e system within a developed area actually takes
place at the time of the housing development. This type of development,
which oceurred in 80 many parts of Kelang in the 1960's and '70s, has
resulted in almost all drains beconﬁng inadequate. Excess stormwater from
a developed area is dlseharge(1 through emstmg ‘drains mto the sea or the
river, whlch causes flooding to some degree, due to madequaey of the
existing dr_ams to accommodate excess stormwater. To prevent bacl(ﬂood—
ing, bunds ‘and tidal gates have been provided but they likewise have

hecome deficient or defective.

The - paor condition and inadequacy of the drainage system in
I{eieng results in many flooded arecas; therefore, improvement of the entire
sysiem is strongly recommended. The problem is to determine the parts
that need immediate improvement; i.e., to. determine priorities for the
improvement work. Ideally, implementation priority should be  given to

those work that reduce the most flood damage at minimum cost.
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6.2.2 Small Drain

Drainage facilities consist of trunk drain, small drain, retention
pond,'tidal gate and bund. A small drain collects. the rainfall from hous-
ing, commercial, industrial areas, ete. and leads it to a trunk drain, which '
then leads the runoff discharge down to the river or sea. A retention
pond which is constructed downstream of a trunk drain retains the runoff
volume when the river or sea water level is higher" than the planned drain
water level. The tidal gate and bund prevent the .sea or river water from

flowing back inland.

Since it is necessary for all the renovated above-mentioned facﬂl-*
ties to overcome flooding problem and to 1mprove as many areas as possi-
ble, construction of small drains is delayed until after other facilities have

. been constructed, due to insufficient funds.

Improvement of all drainage facilities ekcept small dfa_ins would
alleviate flooding of wide arcas on a long—"_fang‘e basis, although small
floods of short duration'might remain. Furthermore, construction of reten-
tion pond and tidal gate with bund would alleviate downstream inundation

and backflow from the river or sea.

In a developmg area, the developcr is refquired to construct the
small drain. In monotary terms, 92 percent of the eﬂstmg smal} drains in
the housing area and 39 percent in the commercial area are considered
adequate to m.eét: runoff discharge in 2000 A.D., according to the survey

conducted in selected areas by the Study Team.

8,_2..3. Implementation Order of Drainoge Facilities

The major problem is determination of order in which the trunk

drains, tidal gates and bunds should be constructed by the year 2000,
Drainage facilities for the town center, which is densely populated

and highly developed for.commercial and institutional use; should be const-

ructed; at an early stage. :
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Piecermeal improvement is not expected to overcome. flooding prob-
lems, although it could mitigate flooding in terms of frequency, depth and
duration. TInstead, improvement of facilities, catchment by catchment, is
recommended, since an improved catchment as a whole would not suffer from

flooding either at present or in the future.

Runoff discharge is greatly affected by bottleneck parts of the
drain., . Should there be only one uppermost inflow point, as in the case
“illustrated in Fig. 6.1, the capacity of the three drains would be almost the
same, dominated by the bottlenecked capacity of A, even if the capacity

prior to A is considerably larger, as shown in Example 3.

Fig.6.1. Effect of Bottleneck in Capacit}} Flow of Drainage

N
D
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] I | b : ! .
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| | . :
! { : E E : 1 Existing Capacity
) t ! t ! E A Bottlemeck part
b - bt _ B Other Part
{___i Required Capacity
Exampie 1 Example 2 Example 3° '

To prevent flooding, the entire length of the truck drain  from
the uppermost point upstream to the lowest point downstream must be

improved to adequate capacity.
Benefits from this method are as follows:
1)  Each flooded area will un‘doubted]y be relieved, one by one,
~2)  Sanitary condition will be improved. .

'3) © Flooded areas in a developed central area will be improved at an

early stage, which will help in maintaining commercial activity.
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4)  Recurrence of inconvenience to the inhabitants will be prevented,
becausc the drainage improvement work will be conducted only
‘once instead of piecemeal, to meet the target year 2000,

5) In case of partial improvement, especmlly in upstream and
mldstream ﬂoodlng often shifts downstream.

But, improvement catchment by catchment would offset this
adverse effect. _

6) When a d'rainage boﬁndary is changed, improvement of all related

drainage facilities would result,

 6.2.4. Rating Procedure for Determining Priority Arcas

As the catchments are divided on the basis of topographical

conditions, there is basically one trunk drain per catchment.

Hence, impléméntation order dépends on the importance or degree

of necessity for improvement of the catchment.
1)  Parameters

In determining ‘the priority for the drainage system improvement
work, each of the 32 'drélinapo catchments is assessed on the basis of the
four most relevant paramoters which affect ﬂoodmg conditions in the Prmect
Area, using an arbitrary rating procedure to 3331g‘n rpassnable relative
weight to each parameter The four parameters and assigned rating points

are as followc'

o - Rating Points
a}  Population Densi_tyr (Present) _ 200

(Future) _ .- 200

b) I‘loodmg Condition (Present) 200

L : - (Future) _ S | 200

C) Land Use - (Future) 100

D) Damage to Main Roads 100
Total: | 1,000
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a.) Population Density |

One of the most important factors is the number of persens who
will benefit from the system. It is therefore particularly important to
provide drainage facilities in densely populated-areas in order to provide
the maximum benefit with the minimum expendifure, thus m&kinp; the benefit
- cost ratio higher. Thus, the highest rating is given. to the most densely

populated area.

Population densities, both present and future, by drainage catch-
ments, range approximatelv from 0 to 140 persons/ha. TFor rating purpose,
a maximum of 200 points is used for both present and future population

densities as follows:

Present or Future
Population Density

Rating Points (Persons/ha)
200 1.00 of .mor.'e

160 80 - 100

120 . 60 - 80

80 40 - 60

40 2 - 40
0 . : | 20" or less

b) Flooding

The main purpose of reconstructing or improving a drainage -
system is undeniably to alleviate flooding. Hence, a high rating is given to
areas where flooding has occurred or is expected to occur, as well as high-

density population areas,

_'Flood areas shown in Fig. 2.10. represent those with past flood
records, presently flooded or flood-prone. On the other hand, anindica-
tion of future flooding condition in the yedr 2000 is deduced from the ratio

of estimated stormwater runoff to the eXisting drainage capacity. General-
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ly, the high ratio arca could be said to be more flood-prone than the low
ratio area. For rating purpese, a maximum of 200 points is used for both

past and future flood-pronc areas as follows:

Table 6.4. R'ating.Points Based on Past and Future Flood Conditions

Future - Flood-

Past Flood- Prone -Area .

_ Prone Area (Estimated Storm-
Rating Flooded Area/ Rating water Runoff/Existing
Points Catchment) Points  Drain Capacity) .

200 over 80%: - 200 over 20 times
150 - 60 - 80 C160 0 15 ~ 20
00 40 - 60 120 10 - 15
50 20 - 40 80 _ 5 ~ 10
0 less than 20% 40 1 -5

¢) Land Use

- The completion of a dramage system of an area of the size of the
proposed Project Arca wlth its large and e}’pandmp‘ population is a task of
‘rremendous magnitude. Therafore, it beécomes npcec;sarv to build the re-
quired drainage facilities bv phas es, accordmp‘ to the urgency of need and
“benefits to be derived. The two factors, population density and flooding:-
condition, werc selected in that sénse' to help determine area- priorities.
However, while population density may represent the number of people who
have suffered from floods, it cannot represent the degree of loss or quffer— .
mg or allovmtmn from floods. For cxample, assuming that two areas with
the same populatlon density are flooded, ohc in a cormmercial area and _the'
other in a residential arca, the cdegree of damage will usually be different;

i.e., the damage to the former will be larger than to the latter.
Land use is therefore considered ns a factor for determining

prioritiecs. For rating purpose, a maximur of 100 points is used for future -

land use as follows:



Proportion of Area
- for Commercial and

Rating Points Industrial Use (%)
100 over 80
75 60 - 80
50 ' 40 - 60
25 ' 20 - 40
¢ léss than 20

d) Damage to Main Road

The Project Area is si{uated west of the capi'tal connecting Kuala
Lumpur, Petaling Jaya and Shah Alam for various st_fate'gic purposes,
Therefore, any disruption of or damage to the transportation system con-
necting these cities would have serious effects. Due consideration to
possible _darriage of the main road therefore deserves to be included in the

assessment of priorities, and 100 points is assigned for this purpose.
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