*309IFS IOJBMNOEY O3 OND PIIVMOT °q
TITA‘TI2a2M0U UYDIDIAT WESAJSUMOD 2U3 20T T M H'Q
‘Wesg IO WOol30g SYI MOTeQ W HZQ PUR

qeTs dol Jo wol30q Y3 MOTSQ W $9°0 ST "T'MH G-

[ -ebaeyosTp Iwed 0§ 3O S5IBYOSTP $0€T AOT ST T M H O-.

om.l«ﬁmi..m o

i N S sl

LONGITUDINAL PROFILE OF FUTURE EXTENSION

Eiij04d .mm..ﬁmﬁamqﬁ S

RSION CHANNEL

IVE

OF JELUTONG D

1-9

.
fl

Eia.

NANG ISI.LAND

-
I
_»

IN P

-
I
")

STUDY ON FLOOD MITIGATION AND DRAINAG

—
Al
—a

THI

[N

I-51




PS5 PiN4
FA . PN2

PN3

PN1-
P a
"
} 3
b ! * - E o S:
N <0 —F 4 SIS N 57 PS2
=1 = & = ‘-a’ /'\
: ) ! R -= ::?ﬁ. a; ‘\ < o
' it AXS ¥ Q gl st 1= > P56
R AR\ N =l PS7
/ bl - =t e ¢ g arsmmmadl
p ( : ST X PS8
N1 o e £ _'.!‘{’V/-{“ e >
Y.} ey ”
St LE:JF 3 BN, %‘/ AR AN A P59
WL | ¢ %{( in 1 p $-10 RETENTION
5 s 7 [ N . S 13¢ PS10 POND
ﬁ r = _ [y | “y::\ \ X cFen e =
= g 2 A I R S : PSI1
" 23 i W gl 4 PS12
Al = ! = N\ RS : $-18_RETENTION POND
?-—-. s { k. o PSIS 1 ok,
X , B ! ; N 2 ps16 s PS4
PO S iy . -1 WPPS 1T A SGPINANG.
el A ooy
: “Ezh.&._. f’;!’ » 1) jﬁiz- S
“’&ﬂ. it "-Jl — .-u’ * - ey
A e f {:' eSS e .
e Y wfed 77 o 7, _PROPOSED WATERWAY
=X Fmy 5 =
o - S K
L /5,:" L EAG R
e o] H{?q.\ _’;__ el 4 . Py
A & AW %'V&?s" &
.\\,:._ 2 bk 3 0 CHANN
e & !.I: ) . w £ -
'Y , “
~d S 19 _
9] - § . PROPOSED WATERWAY -
I/ 4 .}0‘
it ] Jir2 -
T 1 Q’ Q‘? .
X % ! AECLAMATION AREA
Fic. 1- 10 PROPOSED DRAINAGE OUTFALLS IN GEORGETOWN

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

I-52 -

111TZZ TN



3 :inundation Area

1

’a

kil . N
< W, !
Py, F y
-, .
. :
!"A H
Li,. -.\. H
i B L T
" A
4 5
\ Y
s « y [\
\ .

3. Gellugor

Fie.

I- 11

INUNDATION AREA IN SG. GELUGOR BASIN

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

I~53

JIE



DHWL 3343m
(WL 740 3091 m)

AN

Lowest Ground Elevation  3.040™

DHWL 2932m

(WL 1710 2649m)
1
Uh') L}
/—J o |
=S
‘ =
51
20
[
' (O]
ﬁ l !
@
— | 1 y i |
— * i |
/ y il = Proposed Drain
r Route
le
i, 1-12 PROPOSED ROUTE OF NEW DRAIN IN BRAWN GARDEN AREA

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

1-54 JTGEN




BT

ANVIST DNVNAd NI ZOVNIVHQ ANV NOLLVHILIA d00Td NO AQNLS AHL

HOLTELS WVZLLSNAMOJ 000130 cT-1 "MiA
DS TYNIDIFO 40 NOILLOIS SSOUD ddsOdOodd i
~ oo oosocoe oo SOBNTEHD
B 88388888388
§ B288838¢8883%8
520"g=u |
S/gl 520 © w ™ oN NN N ey | EATT NGE
8§ 8338288 88% | 090
Uo32418 wesisumog sobnsn By euibug 1o uondssg ssoug pesodold -
DN NN s R
B 83pg-88¢888 No1830
3 | ~ o oo oo b &b & L | T3AITAW
I W oo s N O @®
[ we * G i 8§ 838888 3 8 0=80e0xd
/ b T ] T T 3 T T 1) 1] T
- 1-
5 osviy Lt !
= e --:.W,w.u.w\uuﬂﬂ.- nww-.ﬂ-é ....... 01 73
m o R [ o @ B m
. ™, — ¥
EEANS E B3 5= Son ol T AR EELES SR EE 0'e =
v i ~
o
........... e 0°'s O
=
.............................. Qe
\\%ﬂo <10
S \\@
T AN N T T T IR
xxxc,mo @ .
m.;._/v.@/uw ||||| b
SRt it e Rt it el o 1 0°El

I-55



N

ANYTSI ONVNE NI IDVYNIVEQ ANV NOILLVOLLIN Q00Td NO AUNLS THL

VEdV SIHDIEH NIANIAN NI NIVID JO NOILOES

{jauveu’ ew:ueD)
Sigg=u

0oz = |

Sig LL =D

_ LT DI
SSCYD ANV J1HOEd "TVNICQNLIONOT dI50404Ed u
. |
bl - - oo ) J_
& 4 2 B TRATT LHAN! ONILSIKD
Pl e fw)
o8 & BAIN LEIANI QHSOJ0NY
W (A -
R - [}
22 @ T3A37 HALYM QBS0d0Hd
@0 a .
we o .
- 28 TIATT HRYE d3S040Yd
ww L
& 8 ] Pt w IONVLSIA
w @O Y
(JanH EUtH0 )
L < awanasdis > ! 06D B
! uiq pasodoiy !
0
ooz |oe o
% Q o ; \__._IIJ
2408 . |w.... z M
r ] H mm
e R e B
=
v v .W
g

I-56



Sg dua Besar

o]
2
=
2
=
2]
w0
=
=2
£

T ity
M ety

jf _
; . .w..w\'li e
,.‘. i y il

! Sg. Dua Kecil

B/ BN

INUNDATION AREA IN SG. DUA BESAR BASIN

15

i-

Fia.

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAXND

I1--57



Bl

ANVTIST ONVNE NI IDVNIVHA ANV NOLLVOLLIN 4007 NO AQNLS JHL

AVSEE VA ‘DS ONOTVY VIV ONIATMOT o1 1
NI WHLSAS OVNIVIA JaSOdOdd H0 NVId

RICEE (Wo'L mopg) ease BurlmoT

eare abeueip duing

AT -

RIVad ROZSNDN 3 5HL
M 33 SKiTed SISROR M3

7 e \\

o \.\.\ \ "

o sz D 2,
KT Y000 N \

e
e
&
s
e
/

I-58



SBiT

ANVIST ONVNHd NI JOVYNIVEA NV NOLLVDILIN d00T4d NO AQNIS JHL

059/1= G20

LA

/e Rty
LL

LNHNHOLVD TOIH vVNA ‘DS WOEA TANNVHD NOISYIAIA H0 L1 oL
NOLLOES SS0¥0 ANV dTHOEd TVNIANLIONOT dISOdo¥d
o = ® e 5 & w o
b3 3 =] B & 2 TBAS 1H3ANI DNUSIXS
= e B -
- - [~ = =] o {IT)] —————
- =Y @ =3 ks ny TAAZY LH3IANI 03502064
S ] b4 Z & g
5 y M i pt Py ﬁ_m_\,ﬂ H3iVM GS0dOHd
&8 8 3 3 g .
) -
m ,m,_ m W m m T3AFT WNVE 0350408
3 w un
m 2 m m & 2 FONVLSIA
TEATIONNOHD DNILSIXE @ 0 . o] ¢
o
e
O3 m
. iy
I\.\\\I\l\\\\ L 3
=
o
-
¢ 3
g

I-59



L 2 W\ /
' \ H:;\\\’& \,.»V :,__,,._'fj_':_‘;:.‘." e

~-~.,‘Q -,".\
Yy
r
tﬂlﬁsiﬁ‘ﬁgﬁ

7 B

Fia. 1- 18 INUNDATION AREA IN SG. NIBONG BASIN

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

160 e




oo esag mmu wmy L
fo slwam

-
'\412;, er
| VO/) RO
TSI %
vyﬁu >
. < CQ\" ;m
\ \Q‘-\»}Ev 4 59
~ . \ < © 3 "'6’:
NG e
TR T
1N
) E
_— b.g
cr "%

I 2 ¢ 3% ..§"‘"5-3
g3 : § B ,ﬁ ggn:Mﬁﬁ'\-\fer
o ; Ty AR Y
» 5 /".’/-(\‘ ¥
&9 AN A\

g \ \ |
3

I

Z

o2 ﬁ‘gfﬁﬁ
\ 7% \ \\\X ‘3_0\“\” \
Ty

-
\
\

G, I-19 ] PROPOSED DRAIN ROUTE ALONG JLN. RELAU

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

Ta (G



B

ANVISI ONVNHUd NI GOVNIVHd ANV NOIIVOLLIK dOOTd NO Ad[LLS HHL

AVIE ‘NUONOTV SNIVId 40
SNOLLDES SSO¥D ANV ITHOUd TYNIANLIONOT GH50d0dd

|
I s G
|

T

/gl 2= B

Sfell $=0

00e’s

0ELQ |7

(w) °

YA LE3IANI ONLLSIE

000'9
LIRS
199°2

L9570

)

TBAST LHAAN! RS040

,000°9
‘29tF
izege

A TAN)

)
13A37 H3LYM Q3S0dONd

009°g
9L
£9F°Y

14982

{w) -

T3A3T MNVE G3804048d

4 o8t
4 0t

0

(W} IONVLSIO

neisg uEEP

nesy UBfer

TEAST GVOH DNILSE L0

oty ot y
el ] L et

&= | i =

NOILO3S SS0HD 380d404dd

SL00=U
S/l =0

gl

Z'

goo™

B

r Ot

(w} NOILYAZTA

I-62



: VAL Ay
. ———

4 Proposed rin :

A\

PROPOSED DRAINAGE AREA
51 ha

Route

B wIARAH

LAY O13 fa RN,

3.5

PROPOSED CROSS SECTION

p OF DRAIN
h'%ﬁ:; Q212m3/s
I=1/600
n=0.01%

.

I- 21

PROPOSED DRAIN ROUTE AND CROSS SECTION OF

DRAIN FROM BUKIT JAMBUL TO SG. RELAU

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

I-63

BTCEN



N
N
\

N

A -

T

N e
.l&mw "[In,

o g !”J'I’ﬁ" i
L9 %ﬂ ‘S
' . N lj j

. —_—
S AWAHG :
i

G, 1-22 INUNDATION AREA IN 5G. RELAU AND SG. ARA BASINS

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

e




\

= |
PENEMPATAN 4 SEEHOGANY - 4/
SCTNGGAN SEOMja0A - | oF A
e e

A
WA

CADANGAN
Kt MAJUAN
PERUHAR AN

2 . Lowlying Area

. EXISTING CONDITIONS OF SG. NIPAH AND
G 1-23 " §G. KANPUMG MASJIID BASINS

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

I-65

| GEN



: SG. KG. MASJID
We & NGB Mz

M b2 ) ....:‘ .__ y ?-'.'..
SAN e X e
5 = ke (i
Y Fregy l‘\’nk
365 KA
ot ] 2
A,
s g

"Run-off Q=3.54 m3/s

B
.Tgmpo a

. —f8e . )
Be?g;m?
R i Iy

) . CATCHMENT AREA
OF MAIN DRAIN

Sq Nipah

© o mstTuT
SN LATIHAN
ORI HELAYAN

e

i, 1-24 EXISTING CROSS SECTIONS OF DRAINS IN KG. MASIHID AREA

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

i@



Flow capacity

Q=22ms

i=1/1000
( h=0.02 )

Main Drain Type A

. r : 17'-00" y

Fiow capacily

. Q=42ms
7'-00 ( i= 1/1000)
n=0.02

Main Brain Type B

Fio. 1- 25 PROPOSED CROSS SECTIONS OF DRAINS IN KG.
‘ MASIID AREA '

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

e



) :lnundation Area

1. I 26 GENERAL PLAN OF EXISTING CONDITION OF SG.

KG. SERONOK

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

I-68

e



bl

Meind

: Mt tas ,
' + H R Ak
LINILE LA et ey e
N e R . “___:.{ﬁ_f-_ef—;f_':‘«--——. Tt i
HE ’ T a L : I
K 3 N
ro ; : A i
o e
L ‘ . & & :;\‘
wEt i 3 H & | * - [T
sudjIryg [ i \\_,, Leiey dmiu
a3 {108 m R e e
' —_— ‘. s a R} [ . ) \
2 LA ,
V- R - R
o N * : & R
oy Bhi AN . 2 2 N <
LN TR Y] P * . W7
HE ¥ . 4 * * - N
e ‘l + * £ < ' 2
i
13 wann 3 \\ .
1 g! . s o
- N 3 W . %
2 3 K
H . z 3
tE — N
ER] @ . ’ Jier
H [ = s & e N .
2 < . . K \ :
L > iy - '
ED [) K4 - H .
TR £ Yo
! ! N J W
1 Q . . 2 2 :
Jit il o . N '
. i ® i 2 * e
Vgl 8 A
L ] L. R P
g n’” ' g : . =& W S * ' s
e bl v T e
i n . . [ d s
“ ! \ - — =Y . .
LS X 5 L K K aieey ‘ \
[N R ' \\\ . Wa el
B - . ATl
O L T . . . K R ' -
i - - o ~ a
[ . - ¥ ~ [TTTL TR T
s S . M R
h

JALAN PERMATANG DAMAR LAUT

6.

I- 27

PROPOSED ALIGNMENT OF SG. KG. SERONOK
DOWNSTREAM STRETCH

THE STUDY ON FLOOD M.ITIGATION AND DRAINAGE IN PENANG ISLAND

I-69%

IR



B

ANVIST DONVNAd NI HOVNIVAA NV NOLLYOLLIW dOOId NO AdNLS dHL

{
!
!

IONGCYIS O DS J0 SNOILDEIS
SS0¥D ANV HTIHO¥d "TVNIANLIONOT ddSOdOdd

8C 1

DI

| &)

8 (w} TRATT LHIAN
[ B ) DNILSIXS
===
[ & = = | TBAT GNNOMD
' m N S
2 8 g E g il « oMISH
o
FE B B 4 I3 = & | {un BAI
o o [ 2
mn.. E m g 2 2 8 Q28 H3AH Q35040
— e t —
S v 2 £ 2 | 13431 v31vm 0280008d
- o
: 8% 4§ g 3 2
C.
I . - -~ S an o |t -
= 3w R B T2AFT HMNYE 03§0d0dd
2 2% 8 g 2 3
I [N
T - - 2
g & B ] ° $ fw) 3oNVISIO
=l

FdOTS Q38 HIAY
J35040Hd

e seweg bugguueg usmer

(W NOLLYATIZ)

I-70



 APPENDIX J

. URGENT FLOOD MITIGATION PLAN

e N

SRR i
B grwaret T
- - W

e .i' . F"‘“hﬁ v .t""_lg "l:"f'l'!l!_i nm]“.

s
.
IEy

b
5 = ‘ Finrt T
] i
L ) X dol b A o m”ﬁlﬁ ]F "’L.
TE s A 5
S e Ao SRPIAIPS

AT 2
- .







< APPENDIX J >
APPENDIX J URGENT FLOOD MITIGATION PLAN

TABLE QF CONTENTS

1. PRIORITY AREAS AND FLOOD MITIGATION FACILITIES

SELECTED FOR THE FEASIBILITY STUDY ... .... 0.0 J-1
1.1 Priority Areas Selected for the Feasibility Study . J-1

1.2 Flood Mitigation Facilities Selected for the
Feasibility Study ..... . .. ...t i J-2
2. DESIGN SCALE OF URGENT PROJECTS ......, e e J-3
3. Proposed Urgent Flood Mitigation Plan ............c...on.n J-5
3.1 River INProvemenh ... ... iee s eneernsannenseesnas J-5
3.2 Diversion Channel .. .... ...ttt mnnrennnnnronnns J-9
- 3.3 Retention Ponds . ........ ...t tiinaaaniannas- J-13
3.4 Bridges .......... f et s e e J-19
3.5 Pubxlic Utilities . ... ... ittt it J-19

LIST QF TABLES

TABLE J-1 Required Storage Capacity (1}

(Maximum Use of One Pond) ... ir it it naeens J-20
TABLE J-2 Required Storage Capacity (2)

{Maximum Use of Two Ponds) ........iiimninnnnnnns J-21
TABLE J-3 Required Storage Capacity (3)

{Even Use of Three Ponds) ....... ... .. J-22
TABLE J-4 Characteristics of Dondang Retention Ponds ...... J-23
TABLE J-5-1 Bridges to be Reconstructed for Urgent Projects . J-24
TABLE J-5-2 Bridges to be Reconstructed for Urgent Projects . J-25
TABLE J-6-1 Public Utilities to be Replaced ................. J-26
TABLE J-6-~2 Public Utilities to be Replaced ................. J-27
TABLE J-6-3 Public Utilities to be Replaced ................. J-28



< APPENDIX J >

Fig.

Fig
Fig
Fig
Fig
Fig

Fig

Fig
Fig
Fig

Fig

Fig.

Fig

Fig

Fig.

Fig.

Fig.

Fig.

J-23

J-24
J-25

J-26
J-27

LIST OF FIGURES
Flood Mitigation Facilities of Urgent Projects

of Sg. Pinang .............. Ch e e e a e

Flood Mitigation Facilities of Urgent Projects
of Sg. Keluang ....vvvevnsnnns Pt

Design Discharge Distribution of Sg. Pinang ......

Design Pischarge bistribution of Sg. Keluang .....
Longitudinal Profile of Sg. PiNang .......eeeweee..
Proposed Cross Sections of Sg, Pinang ............

Longitudinal Profile of Sg., Air Itam .............
Proposed Cross sections of Sg. Air Itam ..........

Longitiudinal Profile and Proposed
Cross Sections of Sg. Jelutong ...........c.0uiun-n.

Longitudinal Profile of Sg. Dondang ............ .
Proposed Cross Sections of Sg. Dondang ...........
Longitudinal Profile of Sg. Keluang ..............
Proposed Cross Sections of 8g. Keluang ...........
Longitudinal Profile of Sg. Relai ........ e
Proposed Cross Sections of Sg. Relau ............ .

Longitudinal Profile and Proposed Cross
Section of 8g. Relau Diversion Channel ...........

Typical Cross Section of River Improvement .......

Typical Cross Sections of Jetty at
Sg. Pinang Moubth . ... ... ..ttt ittt

Typical Section of Drop Structure and Bridge .....

Plan of Proposed Air Terjun Diversion
Channel Route ........ ..t iinitneininennnannnn

Longitudinal Profile
of Air Terjun Diversion Channel ............c000u..

Typical Cross section of Air Terjun
Diversion Channel ... ..........c.iiieeennnnannnnnns

Cross Section of Air Terjun
Diversion Charnel ({Tnlet) ..........c.iuieiuenannnn.

Location of Proposed Dondang Retention Ponds .....

Longitudinal Profiles of Proposed
Retention Ponds and TiveIS ... vivvnrnnnrseennan

Plan of Proposed Retention Pond A ................

Longitudinal Profile
of Proposed Retention Pond A ..........ceiienvnn..

J-44
J—-45

J-46
J-47



< APPENDIX J »

Fig., J-28 Typical Cross Section

of Proposed Retention Pond A ...... e J-56
Fig., J-29 Plan of Proposed Retention Pond B ........ B o |
Fig. J-30 Longitudinal Profile

of Proposed Retention Pond B ............cvuuvun.. J-58
Fig. J-31 = 7Typical Cross Section

of Proposed Retention Pond B ........... e e J-59
Fig. J-32 Plan of Proposed Retention Pond C ................ J~60
Fig. J-33 Longitudinal Profile

of Proposed Retention Pond C ..................... J~61
Fig. J-34 Typical Cross Section -

of Proposed Retention Pond C ..........¢0c'uennnn. J-62
Fig J-35 Longitudinal Section of Overflow Weir .......... .. J-63
Fig. J-36 Plan and Typical Cross Section of Qutlet Gate .... J-64

J - iii






< APPENDIX J >

APPENDIX J URGENT FLOOD MITIGATION PLAN

PRIORITY AREAS AND FLOOD MITIGATION FACILITIES
SELECTED FOR THE FEASIBILITY STUDY

Priority Areas Selected for the Feasibility Study

The study areas and flood mitigation facilities for the
urgent project are generally to be selected by taking into
account the following factors:
- The extent of economic effectiveness
- Degree of urgency based on soclial reguirement
- Scale of investment

- Frequency of inundation

- Current situation of on-going river and drainage
improvement works

- Effects imparted to downstream due to the project
- Extent of compensation for existing facilities
- Degree of complexity involved in project execution.

The degree of urgency of each of the concerned 25 rivers
was conprehensively evaluated in APPENDIX E.

This comprehensive evaluation was based on the size of the
catchment area, previous flood experience, anticipated future
basin development, and present and future flood damage.

A priority ranking as Grade A, Grade B and Grade C in
descending order for each river was carried out and accordingly
Sg. Pinang, Sg. Dua Besar and Sg. Keluang were ranked as Grade
A with high priority.

Finally, Sg. Pinang and Sg. Keluang were selected for
urgent flood mitigation projects for Feasibility Study based on
the considerations described below:

Sg. PRinang

Sg. Pinang -has the largest catchment area with most
urbanized land use, encompassing the state capital Georgetown,
with the highest concentration of assets in the Island.

The discharge capacity of the river is very small at its
downstream reaches, which is the major cause of flooding. And
even after the completion of on-going river improvement works a
flood protection level of only a 2-year return period will be
attained,.

The existing high c¢oncentration of built-up areas has
already made Jland acquisition for flood mitigation extremely
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1)

difficult. Further postponement of project implementation will
only aggravate this situation.

Sa 'K‘:‘]Haﬂg

In comparison to the basin of Sg. Dua Besar the degree of
inundation is higher in $g. Keluang. In addition, the existing
discharge capacity of the river (Sg. Keluang) is severely
reduced due to asiltation of river bed as a result of sediment

‘run-off caused by sand mining activities.

~ There exists an urban development plan for the upper and
middle reaches of the river, the implementation of which is
expected to be commenced in the very near future. To cope up
with this development plan, a diversion channel project has
already been proposed connecting 5g. Relau to Sg. Ara.

Flood Mitigation Facilities Selected for the
Feasibility Study

The flood mitigation facilities for urgent project were
also selected mainly by taking into account the following
factors:

- Downstream effects due to the project realization.
- Existing flow capacity of river reaches.
- Time requirement for land acquisition.

- Degree of urgency based on social factors.

The flood mitigation facilities for Sg. Pinang and Sg.
Keluang are shown in Fig.J-1 and Fig.J-2, respectively.

The proposed flood mitigation works of urgent projects are
as follows:

8g. Pinang System
River improvement

River improvement works along the §g. Pinang and its
tributaries with a total length of 13,32 km,

Sg. _Pinang - Deepening and widening of 3.15 km river
stretches after completion of on-going
river improvement works

-~ Extension of river mouth portion with a
length of 0.71 km.

- Reconstruction of 7 bridges (including 2
wooden bridges)

Sg. Air Itam - Deepening and widening of 3.00 km of river
channel

- Reconstruction of 3 bridges
Sg. Jelutong - Deepening and widening of 2.14 km of river

channel
- Reconstruction of 17 bridges
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3)
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Sq. Dondang ~ Deepening and widening of 4.32 km of river
' channel between confluence to Sg. Air Itam
and Retention pond A,
- Reconstruction of 8 bridges.

Improvement of Sg. Alr Terjun and the upstream portion of
Sg. Dondang are not included in the Urgent Project, because
these stretches are not so critical.

Construction of Air Terjun Diversion Channel

This channel consists of the construction of a 1,550 m
stretch of concrete box culvert, deepening and widening of
the downstream reach (150 m) of Sg. Babi, and construction of
50 m stretch of inlet.

Construction of the Dondang Retention ¥Ponds
Three retention ponds will be constructed by excavation.

The total proposed pond area, using parks and open areas
proposed by MPPP, is 8.4 ha and the total maximum potential

capacity is 235,200 m3.
Sg. Keluang
River improvement

River improvement works with a teotal length of 5.25 km
along reaches of Sg. Keluang, Sg. Ara and Sg. Relau.

- Sg. Keluang:
1.74 km of river improvements will be executed including
a river course extension of 0.20 km.

- Sg.Ara:
1.87km of river improvement will be executed.

- Sg. Relan .
1.64 km of river improvement will be executed in the

upst.ream portion of diversion point.
Relau Diversion Channel

A diversion channel of 1.53 km in length, connecting Sg.
Relau to Sg. Ara, will be constructed through the planned new
development area.

DESIGN SCALE OF URGENT PROJECTS

In the Master Plan, as a design scale for river flocod
mitigation works, a 50-year return period was selected.

In general, the design scale of flood mitigation works in
the Master Plan was as large as possible considering the future
urban land use condition,

Urgent projects, on the other hand, are to be implemented
in the short term and not always at the same scale as in that
of the Master Plan.
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For the urgent projects of Sg. Pinang and Sg. Keluiang, the
design scale of 50-years return period was selected considering
the following conditions. '

- Construction period for the urgent project might be about
5 years.

- Project cost should not be excessive.

- The Rir Terjun Diversion Channel should be constructed to
the final design scale because once the box culvert is
constructed, it would be difficult and costly to enlarge.

- The retention ponds in Dondang area should be constructed
to the final design scale because the land was already
acquired for parks and the cost of the earth work for
retention pond is rather low; also this kind of flood
mitigation facilities -is very effective for downstream
flood protection.

- The maximum protection level of the proposed works for Sq.
Pinang, is a 10~year return period, without any
reconstruction of major bridges, but with the proposed
retention ponds and diversion channel. -

In the case of reconstruction of the major bridges, the
design scale for the bridges should be for the design 50-
year floods.

- Regarding the river improvement works of the Sg. Pinang
system, a major portion of the project cost is for land
acquisition and house evacuation; these items comprises
about 75% of total project cost not including the proposed
diversion channel and retention ponds. The cost of bridge
reconstruction and river improvement works comprise about
8% and 15%, respectively, of the tectal project costs
(excluding the diversion channel and retention ponds).

Land acquisition along the river should be done in one
stage for all the works of Master Plan.

- For the case of enlargement of the river width in two
stages, the river revetment would have to be demolished
and reconstructed at least on one side.

- The length of the major river stretches (i.e. S5g. Pinang
and Sg. Air Itam) to be improved is only 6 km.

- After completion of DID's on-going river improvement
project for 5g. Pinang, the entire length of Sg. Pinang
will have flow capacity of about 110 m3/s.

However, the degree of protection level of this stretch
will still be for floods with a return period less than
10-years,

- The degree of protection for each reach to be improved in
the Sg. Pinang system are as follows:
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With With  wWith
Retention Diversion Retention
Praesent Pond Channel Pond &
Condition Diversion
Channel
5g. Pinang* 1/190 1/15 1/20 1/2%
Sg. Air Itam 1/10 1/20 1/10 1/20
Sg. Dondang D1 <1/5 1/20 <1/5 1/20
D2 <1/5 <1/5 <1/5 <1/5
Sg. Air Terjun
Tl 1/5 1/5 1/30 1/30
T2 1/10- 1/10 1/10 1/10
Sg. Jelutong <1/5 <1/5 <1/5 <1/5
*: For Sg. Pinang, conditions after completion of on-going

river improvement works were considered.

- With the proposed retention ponds and diversion channel
but without any river improvement works, the protection
level of the major stretches of Sg. Pinang system would be
only for floods with a 20 ~ 25-year return period.

- In order to obtain the 30-year return period protection
level, almost all bridges would have to be reconstructed.

- In the Dondang area, flooding is common. To solve this
problem, it is necessary to deepen 5g. Dondang and $g. Air
Itam,

Considering the above mentioned conditions, the 50-years
design scale was adopted for the urgent projects for the Sqg.
Pinang system and Sg. Keluang.

PROPOSED URGENT FLOOD MITIGATION PLAN

River Improvement

3.1.1 Pistribution of Proposed Design Discharge

The design discharges for Sg. Pinang and Sg. Keluang are
formulated under the following conditions.

i) A design storm of 50-year return period was adopted for
Urgent Project.

ii) Land use condition is for the year 2010.

iii) Three Dondang Retention Ponds and Air Terjyn Diversion
Channel are used for flood mitigation for S5g. Pinang
system and Relau Diversion Channel for Sg. Keluang system
respectively.

The désign discharges for these river stretches are shown
in Fig.J-3 and Fig.J-4.
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3.

1.2
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2)

Design Concept and Conditions of River Improvement

All stretches of a waterway to be protected should be
planned to allow the safe passage of a 50-year design flecod
discharge with at least 60 cm of freebeocard and to be able to
handle the 100-year flood discharge without overflowing the
banks. Also to be taken into consideration are the promotion
of river utilization, preservation of natural environment,
present land use in the areas along river banks, etc.

Plan of alignment

The alignment of waterways should be decided considering
the existing riparian land use conditions, river reserve,
future urban development plans, on-going river improvement
plans, land reclamation plans, topographical conditions and
difficulty of land acquisition, etc.

For the following stretches, special consideration should
be taken.

- The extension at the mouth of S8g. Pinang will be aligned
considering future reclamation plans and existing
topographical conditions of the sea bed.

- The on-going river improvement plan of Sg. Pinang, with
the alignment generally following the existing waterway,
will be reviewed because of the extreme meandering of scme
stretches.

- Alignment of the Sg. Dondang will basically follows the

existing watervay. However, urban development plans and
the effective use of retention ponds should also be loocked
into. .

- Sg. Ara has already been partially improved with a
compound section, and this concept will be followed in
this project.

- The route of Relau Diversion Channel will follow the
alignment approved by DID.

- Alignment shall be set by as smooth curves as possible
with less meandering and the minimum radius of curvature
should be bigger than five times of river width as far as
possible,

Plan of longitudinal profile

The design slope was basically determinéd by the existing
average bed slope, since the existing slope 1s considered to
be the most stable slope under the present flow conditions.

The stretches of Sg. Pinang and Sg. Air Itam to bhe
improved will be deepened by about one meter. The Sqg.
Dondang bed will also be deepened by 1 to 2 meters to solve
the inner drainage problem in the basin and also to enable
the effective use of retention ponds.
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Especially in the downstream stretches of Sg. Pinang, the
existing geotechnical conditions to design the revetment were
also taken into account to decide the river bed height.

Cross section

The cross sections of Sg. Pinang and its tributaries will
have a single section with 1:1 bank slopes because of the
high cost and difficulty of land acquisition.

The depth of river channel will vary from 3.1 m to 3.7 m.

The cross section of Sg. Keluang and Sg. Ara will be a
compound cross section with a high-water channel and low- -~
water channel.

The berms of high-water channel will be used for the
purpose of river front park or maintenance and rehabilitation
of the waterway.

For the Relau Diversion Channel, a concrete channel with
single section will be planned following PDC plan because of
land use restriction, even though a compound section is
recommended because this stretch has a comparatively ample
base flow and the water quality is still good.

River reserve

The width of river reserves for maintenance and
rehabilitation of the river channel should be as follows:

W<3m cone side 3 m; other side 1.5 m
3m<W<15m one side 3 m; other side 6.0 m
15 m< ®W both sides 6.0 m

where W = width of river.
Revetment

The revetment type of river bank for Sg. Pinang system
will be rubble pitching considering construction cost,
geotechnical conditions, and landscaping.

For Sg. Keluang, the proposed cross section of the river
channel will be of the compound type with high-water
revetment to protect the bank slope under high water
conditions, and the low-flow revetment with a low flow
channel,

The high water revetment will be of sod facing or rubble
pitching and the low-water revetment of rubble pitching.

Design conditions
(1) Discharge capacity
The discharge capacity should be calculated on the

basis of uniform flow or non-uniform flow according to
the conditions of the waterway.



< APPENDIX J >

For uniform flow conditions, Manning's formula was
adopted. ' ' '

Q = 1/n.R2/3.11/2.A(m3/s)

R = hydraulic mean depth {m) :

Sectional area of river flow divided length of
wetted perimeter -

Slope of bed slope

Manning's coefficient of roughness

oo

For the downstream stretches of Sg. Pinang and Sg.
Keluang, non-uniform flow calculations were carried out
because these stretches are affected by high tide.

{2) Coefficient of Roughness
For Manning's. coefficient of roughness, the following
values are recommended in "Urban Drainage Design
Standards and Procedures for Peninsular Malaysia™ by
J.B.T.

Recommended Values for Manning’s 'n!

Type of Channel and Description Minimum  Normal =~ Maximum

1 Cleose conduits Flowing Partly Full
Concrete culvert, straight and free

of debris .010 .011 .013
Concrete culvert with bends, .
connections with some debris L0111 .013 L.014

2 Lined or Built up Channels
Precast invert secticons and

concrete lines channels .013 .015 .017

Concrete bottom with cemented

rubble stone sides L0317 L0020 .024

Channels with earth bottom, rubble

sides 020 L023 026
3 Natural Streams(l)

Clean straight grassed banks .025 .030 .035

Some weeds and stones .030 .035 .040
4 Vegetal Lining .030 .035 .050

{1} For a more complete list see Appendix D, Table D-1

Referring to these values, the following coefficients
of roughness were adopted for this study.

- For earth or grass sections: n = 0.03
e.g. 85g. Batu, Sg. Mati, Sg. Teluk Kumbar

- For channels with earth bottom,

rubble sides n = 0.025
- For concrete sections n = 0.020
- For compound section with rubble
pitching for low-water and high-water
revetment, and with earth bottom, with
earth or sod facing berm n = 0.030
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3.1.3 Proposed River Improvement

3.2

3.2.1

3.2.2
1)

Based on the above mentioned concept and conditions, the
river alignments, longitudinal profiles and cross sections for
the two river systems were planned.

The features of the proposed river improvement works in the
$g. Pinang and Sg. Keluang system are shown in Fig. J-1 and J-
2.

The proposed longitudinal profiles and cross sections of
the river improvement are shown in Fig. J-5 to J-15, and Fig.J-
17 and Fig. J-1B show the typical ecross sections of the river
improvement .

'Fig. J-1% shows the typical section of the drop structure
of bridges.

Diversion Channel
General

There are two proposed diversion channels in the Urgent
Project areas.

One is Air Terjun Diversion Channel which connects 5g. Air
Terjun with North Channel diverting about 50 m3/s of design
discharge. The proposed diversion channel route is shown in
Fig. J-2.

This diversion channel is to ke constructed mostly under
the existing roads; Jalan Gottlieb and Jalan Bagan Jermal.

At the diversion point, all base flow undexr normal
condition flows through the existing Sg. Air Terjun.

However, during floods, a major portion of the discharge
will be diverted to the diversion channel.

'he other is the Relau Diversion Channel in the Sg. Keluang
system which connects Sg. Relau with Sg. Ara. This diversion
channel diverts 100% of Sg. Relau at 1.9 km point of Sg. Relau.

Present Conditions of Proposed Sites £or Diversion
Channels

Air Terijun Diversion Channel
The upper most 60 meter stretch of the Diversion Channel
flows through a residential area and one or two houses will

have to be relocated.

After this stretch, the route will be along the existing
road, Jalan Gottlieb and Jalan Bagan Jermal.

The width of the existing road i1s about 9 meter for most
stretches and road has a 6 ~ 7 meter footpath on both sides.

on the footpaths, there exist about 60 royal palm trees
with about 40 ¢m diameter.
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3

.2

2)

.3

As the downstream stretch, Sg. Babi will be one of the
alternative routes.

on the left side of Sg. Babi, there exist some six
houses. On the right side, the sewerage plant exist.
another alternative route will be under existing road up to
the sea without any jointing with Sg. Babl was studied.
However this route has no wmerit comparing with Sg. Babi
route, and was rejected.

Topographically, the upper portion of this channel route
has a rather gentle slope (1:400), while the downstream
portion has a rather steep slope (1:100).

In the diversion channel route, there are two major
underground sewers which c¢ross the channel route at
downstream stretch.

The sewer located 100 m from the mouth of Sg. Babi is
located deep enough and will not constitute an obstruction.

Another sewer 427 m above the mouth of Sg. Babi will have
to be reconstructed.

As a future plan, z bridge of OQOuter Ring Road is proposed
about 40 meter downstream at the existing mouth of Sg. Babi.

Relau Diversion Channel

The present land use of the proposed diversion channel
route consists of undeveloped rural area and agricultural
land where the existing ground level is about 4.5 m. {see

Fig. J-2)

In the future, whole areas along this route will be
developed for housing.

The proposed diversion channel route is planned to be
alongside the future road.

The major structures crossing this route are the proposed
federal highway with 40 m width and the existing Jalan
Thegah.

Design Conditions

The general features of diversion channel studied in the

Master Plan stage and design conditions are as follows.

Air Terjun Diversion Channel

- Location of channel route Jalan Gottlieb, Jalan
Bagan Jermal, and Sg.Babi
Total length 1,740 m

- diversion point 3,155 m point of Sg.air

Terjun

- Catchment area at diversion
point 7. T4km?

J - 10
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- Design peak discharge st
diversion point of Sg.Air
Terjun

- Diverting discharge

- Design discharge for
diversion channel

- Design discharge for
Sg.Babi

Type of Cross Section

Invert Level

Maximum earth covering
Minim earth covering
Relau Diversion Channel

- Location of channel route

- Total length

- Catchment area of diverting

point

- Design peak discharge
(diverting discharge)

- Type of Cross Section
- Existing ground level

Structural Plan
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70 m3/s (1/50)

50 m3/s

1.3 x 50 = 65 m3/s

12 mwd/s or 62 md/s

Concrete rectangular culvert
L = 1,558 m or 1610 m

Open Concrete Channel

{in case of use of Sg.Babi)

L=150m
El. 11.00 m at entrance
El. -0.60 m at outlet

3.5 m st upstream end

0.5 m at downstream end

See Fig.J-2

1,530 m

10.5 km?

70 /s
open concrete channel

3.0m ~ 6.0 m

of Diversion Channel

Alr Terjun Diversion Channel

channel route

(1)

Alignment of diversion

The uppermost 60 meter stretch of the diversion
channel flows through a residential area and one or two
houses will have to be relocated.
the will be along the

After this route

existing road.

stretch,

The exact route was decided considering the existing
underground structures and traffic conditions during
construction. At the downstream stretch of the
confluence with Sg.Babi, the diversion channel route is

J - 11
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(2)

located on the left side of Sg.Babi because of the
existing sewerage plant adjacent to the right bank.

In this stretch, some six houses are located near -the
river bank. '

Any extension of the existing river mouth was not
considered.

alignment of the inlet of the diversion channel was
set up according to the diversion conditions.

Longitudinal - profile of diversion channel

The Design High Water Level (D.H.W.L.} at point of
diversion on Sg. Alr Terjun is 13.7 m and the Mean High
Water Spring (M.H.S.) of the sea is +1.08 m

Hence, there exist 12.6 m of head between these two
points, and the average gradient will be about 1:136.
This gradient is steep enough to permit the economic

- channel section and also to flush away sediments.

However, topographically, the upper portion of this
channel route has a rather gentle slope (1:400), while
the downstream portion has a rather steep slope (1:100).

As a proposed longitudinal profile, 1:200 gradient
was selected as shown in Fig., J-21, considering the
following conditions.

a. The depth of excavation shall be shallow as far as
possible. However, minimum earth covering should bhe
kept.

b. Generally, the maximum velocity for tunnel river is
limited to 5 ~ 7 m/s. For this diversion channel,
channel gradient at 1/80 gives 7 m/s of velocity and
1/200 gives 5 m/s.

c. Since the average slope between the inlet and outlet
of the channel is rather steep, it is expected that
the drop structures will be installed to control the
velocity in the channel. The relationship between
design gradient and number of required drop
structures is as follows

channel channel number of
gradient width (m) drop structure: n*
1:150 - 4
1:200 5.5 9
1:250 6.1 11
1:300 6.7 14
1:350 7.3 15
1:400 7.7 16

* -

n = (12,6 -~ 1650 m x gradient)) /0.5
(Height of drop structure is 50 cm)

J - 12
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(3} Plan of cross section

The cross section of the diversion channel is
rectangular and mostly of concrete box culvert.

The channel width was decided considering hydraulic
and structural conditions.

Consideration should be given to minimize the social
and environmental impacts during construction,

The widith of the existing road is about 9 meter for
"most stretches and road has a 6 - 7 meter footpath on
both sides.

While the proposed diversion channel has a width of
about 6.5 meters it is not lmp0551ble to keep the one way
road for the residents.

The cross section of a 160 meter stretch at
downstream of Sg. Babi was planned to be an open type
concrete channel.

The typical cross section of the Air Terjun Diversion
Channel is shown in Fig. J-22 and J-23.

2} Relau Diversion Channei

The alignment of proposed Relau Diversion Channel is
shown in Fig.J-2.

This alignment was planned to be located alongside the
future road authorized in the urban development plan by PDC
considering effective land use rather than hydraulic
components.

The c¢ross section of this channel is planned to be
rectangular concrete type because of land use restriction.

The slope of longitudinal profile was set up to be 1:400
considering the design bed levels of Sg. Relau diverting
point and of confluence with Sg. Ara.

Fig. J-16 shows the proposed longitudinal cross section
of the Relau Diversion Channel.

3.3 Retention Ponds
3.3.1 General
In the Master Plan stage of this study, five potential

retention pond sites were selected in the Dondang area where
intensive housing development is taking place.

These five sites were proposed as a park area. However,
some of them have been partially changed to another purpose of
land use.

J - 13
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3.3.2

1)

2)

3)

4)

Hence, the availlable park area for retention pond was
reviewed and finally three sites, A,B and C park areas were
selected for retention pond.

These retention ponds will regulate the discharge of Sqg.
Dondang from 80 m3/s to 60 m3/s.

These ponds will serve as a retention pond during floods_
with return periods exceeding 30~years.

And they will normally be used as a park land to cater for
the needs of diversified facilities for sports and recreational
activities.

Present Conditions of Proposed Sites for Retention
Ponds

Present land use conditions of each proposed retention pond
site are as follows.

Site A

This site has been already developed to park land without
any permanent facilities. Sg. Dondang which flows through
this park area has been improved. The park area for
Retention Pond A, which has 3.05 ha in area, is located at
elevation of 21.5 m.

Site B

The proposed park area consists of agriculture land, some
village houses and river reserve. In the upstream area
adjacent te¢ this park, a large scale of housing development
project is in full swing at present. The park B has 3.27 ha
in area and is located at elevation of 15.6 m. The existing
river channel flows through the central part of the park.

Site C

Park C area is open land including some agriculture land
and has gentle slope from elevation 13.5 m to 13.1 m. Park
area is 2.12 ha and is located at left side of the existing
river.

Site D and Site E

These parks are located along the tributary of §g.
Dondang. The site D was initially planned as the park with
about 4.74 ha of area. However, the area has been reduced to
0.66 ha because of change of land use pattern for housing.
This site is located at elevation of 18 m which requires deep
excavation.

While, the available area of park E is only 1.87 ha
because of existence of small scale sewerage treatment plant.
This park area is open land at present and located at
elevation of 14 m.

J ~ 14
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Selection of "Retention Pond Site

As noted in the Paragraph 3.3.1, the five retention pond
sites were selected in the Master Plan Stage. These sites are
shown in Fig.J-24. :

These sites are located along the $g. Dondang main stream
or its tributary where the necessary storage capacity can be
secured.

The longitudinal profiles of these ponds and rivers are
schematically shown on Figs.J-25.

Among these five sites, three sites were selected for
retention pond considering topographical conditions,
recreational use, construction cost, etc. as described below.

- The park area D, which has only 0.66 ha, is located at
elevation of 18 m , and seems to be rather difficult for
multi-~purpose use because this pond would have to be
excavated to a depth of 7 m to obtain a suitable amount
of storage ' capacity. Accordingly, this site was
rejected.

- The park area E has 1.87 ha and is able to serve as a
multi-purpose retention pond. However, the diversion
channel of about 700 m long connecting Sg. Dondang with
pond D will be necessary. Furthermore, in order to
release the storage flood water, the new water way has to
be excavated. Because the existing tributary of Sg.
Dondang has been partially filled up by new housing
development project.

- in case without these two sites, D and E, it is possible
to kedp the required storage capacity by three site 2, B,
and C without any excessive deep excavation. ’

Design Concept and Conditions

proposed design discharge distribution

The design discharge of Sg. Dondang is as follows.

————=  5g. Dondang

45 a5 4 35 45 40 60

A B

Sg. Air ltam

Unit : m3/s

The discharge for 50-year return period at the river
month of Sg. Dondang is 80 m?/s and this will be reduced to
60 m¥/s after regulating by three retention ponds.

J - 15
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2)

3)

4)

5)

The discharge exceeding about 30-year return period will
be diverted into the retention ponds through the overflow
welr installed at the upstream portion of the pond.

Design storage capacity

The design storage capacity was decided from the net
storage and the free storage including storage from the
retention pond area.

The value of the net storage of each retention pond will
be decided from a simulation model considering the most
suitable distribution of flood control volume for each
retention pond.

About 30% of the net storage is set as free storage to
cover the difference between the estimated wvolume and actual
volume, siorage from the retention pond area, etc.

Effective Depth of Retention Pond

The effective depth of each retention pond will depend on
the difference between design H.W.L. of the upstream portion
of the pond and L.W.L. at the downstream portion of the pond.
These conditions will depend on the topographic conditions
and longitudinal profile after completion of the river
channel improvement works,

The design H.W.L. of the pond is set at the same level as
top of overflow weir in order to enable free overflow. While
the design L.W.L. will be set at least 50 cm above the design
bed level of the river.

Freeboard of the retention pond will be 0.6 m, the same
as for the river channel.

Typical Cross Section

Tn general, the multi-purpose retention ponds will be
sub-divided into several portions to meet the retention
capacity required for various probable floods.

The park area in Dondang area, however, will be sub-~-
divided into only two portions because of the wvery low
frequency of use for flood mitigation.

The lower area of the pond will be inundated with floods
having return periods greater than 30-years, and the highest
area will remain as permanent park land.

Internal drainage of the retention pond
The lower area of the pond should be planned considering

internal drainage to keep this area dry during non-flooding
periods.

J - 16
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Structural Plan of Retention Pond
Maximuam available volume for. flood contxol

The maximum- available volume for each retention pond will
be estimated considering the H.W.L. of Sg. Dondang at
diverting point, the L.W.L. of $g. Dondang at discharging
point and effective area of park area excluding the river
channel,

. The existing river channels which flows through the park
area, will be shifted to the edge of the park in order to
increase the effective capacity of the ponds and also the
effective and functional use of park land.

The maximum potential volume for each pond is as follows.

{1} Pond A
1. Max. capacity 90, 060 m3
2. Existing Ground Level EL, 21.5 m
3. HW.L, El. 20.28 m
q. Bed Level EL. 16.80 m
5. Maximum Water Depth 3.48 m
6. Depth of Excavation 4.70 m
{2) Pond B
1, Max. capacity 86,470 m3
2. Existing Ground Level EL. 15.60 m
3. H.W.L. EX. 14.00 m
4, Bed Level : EL. 10.90 m
5. Maximum Water Depth 3.10 m
6. Depth of Excavation 4.70 m
{3) pond C
1. Max. capacity 58,680 w3
2. Existing Ground Level EL. 13.10 m
3. H.W.L. El. 11.97 m
q. Bed Level EL. 7.90 m
5. Maximum Water Depth 3.57T m
6. Depth of Excavation 5.60 m

Determination of required capacity of each retention
pond

The discharge of S$g. Dondang will be reduced from 80 m3/s
to 60 m?/s for 50-year floods by three retention ponds.

The maximum available storage capacity of these three
ponds is 235,210 m?

While the net volume for required flood control 1is
152,510 m3,

The Design storage capacity will be 130% of this net

volume, i.e.198,270_m3 which is equivalent to about 8% % of
the maximum available storage capacity.
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The distribution of this reguired storage capacity for
each retention pond was decided based on the comparison of
the following cases for combination of storage capacity.

i) The maximum use of one pond, and about 80% of use of
"the other two ponds.

ii} The maximum use of two pond.
iii) About 85% to 90% use for each pond,
The results are shown in Table.J-1 to Table.J-3.

Finally, case iii-1 was selected considering the
following reasons.

i) The maximum storage cépacity was decided under the
condition of pond bed level which is 50cm higher
than the river bed. However, it is recommended to

get the more higher level as far as possible to keep
the pond bed dry.

ii) Less excavation depth is more desirable for multi-
purpose use of retention pond.

iii) Pond € needs rather deep excavat ion comparing with
other two ponds. Hence, it is desirable to reduce
the required storage capacity for pond C.

The characteristics of each pond are shown in Table
J-4. Plan, longitudinal profiles and typical cross
sections of these ponds are shown in Fig.J-26 to
Fig.J-34, respectively.

3) Overflow weirx

The overflow welr 1s to be constructed at the upstream
portion of the retention pond along the 3g. Dondang.

The dimensions of the weir of each retention pond are as

follows.
height length
A Pond El 20.278 m 80 m
B Pond El 14.013 m 50 m
C Pond El 11.470 m 40 m

The length of weir was sel by hydraulic calculation.

The longitudinal section at overflow weir is shown in
Fig. J-35.

The final dimensions of these weirs should be decided by
carrying out hydraulic model test.

4) Outlet gate

At the downstream portioh of each retention pond, the
outlet sluice gate and flap gate will be installed to release
the flood discharge.
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The sluice gate will serve to release flood discharge
during and after flooding while the flap gate will serve to
release the rain water in the pond area.

The dimensions of these gates are as follows and the plan
and section are shown in Fig J-36.

sluice Gate Flap gate
width ‘height
A-pond 20m x 2.0 m, g 0.5 m
B-pond 2.0m x 2.0 m, @ 0.5 m
C-pond 1.0m x 1.0 m, @ 0.5 m
Bridges

Almost all the bridges crossing the Sg. Pinang and Sg.
Keluang systems are to be reconstructed due to river
improvement works by widening and deepening of river channel.

In the Sg. Pinang system, thirty five (35) bridges
including 19 wooden bridges to be reconstructed.

In the Sg. Keluang system, two {(2) wooden bridges are to be
reconstructed to R.C.T Girder bridge.

One new bridge obstruction will be necessary in the Relau
Diversion Channel.

All the bridges to be reconstructed for urgent preojects are
shown in Table J-5-1 and J-~5-2.

Public Utilities

Following to the river improvement works by widening and
deepening of river channel, -the existing public utilities will
be required to be replaced at several locations.

The features and locations of these utilities are shown in
Table J-6-1 to 6-3

The locations of these utilities are shown in the
supplementary drawings..
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TABLE J-1 RE'QUIRED STORAGE CAPACITY (1)
o (Maximum Yse of One Pond)
Pond A .
inflow . Cut Quttiow - Vol, Storage Ratio | Max. Capacity
{m3/s) (m3/s) {m3/s) {m3}) %Yo m3
Pond A 40.627 10.0 30.627 64,552 93 69,277
Pond B 37.139 5.5 31.639 52,258 79 66,515
Pond C 43.389 4.5 38.899 35,700 79 45138
20.0 152,510 84 180,930
Pond B : :
Inflow Cut Cutflow Vol. Storage Ratio | Max. Capacity
{m3/s} {m3/s) {m3/s) {m3} Yo m3
Fond A 40.627 .85 32.127 53,579 77 69,277
Pond B 37.139 7.0 30.139 63,230 95 66,515
Pond C 43.399 - 4.5 38.899 35,700 78 45,138
20.0 152,509]| 84 180,930
Pond C .
Inflow Cut Qutflow - Vol. Storage Ratio | Max. Capacity
{m3/s) {m3/s) (m3/s) {m3) % m3
Pond A 40.627 9.0 31.627 57,179 83 69,277
Pond B 37.139 6.0 31.139 54,230 82 66,515
Pond C 43.399 5.0 38.399 41,100 91 45,138
20.0 152,509 84 180,930
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TABLE J-2

REQUIRED STORAGE CAPACITY (2)
(Maximum Use of Two Ponds)

Pond A and Pond B

Intlow Cut Outffow - Vol. uStorage Ratio | Max. Capacity

. {m3/s) {m3/s) {m3/s) {m3} Yo m3
Pond A 40.627 10.0 30.627 64,552 93 69,277
Pond B 37.139] 6.5 30.639 63,008 95 66,515
Pond C 42.399 3.5 38.899 24,900 55 45,138
20.0 152,510 84 180,930

Pond A and Pond ©

Inflow Cut Outflow Yol. Storage Ratio | Max. Capacity

{(m3/3) {m3/s) {m3/s) {m3) % m3
Pond A 4G.627 10.0 30.627 64,552 93 69,277
Pond B 37.138 50 32.139 46,8581 70 66,515
Pond G 43,399 5.0 38.399 41,100 91 45,138
20.0 152,510 84 180,830

Pond B and Pond C

Inflow Cut Outflow Vol. Storage Ratio | Max. Capacity

{(m3/s) {m3/s) {m3/s) {m3) Yo m3
Pond A 40.627 7.5 33.127 46,379 67i- 69,277
Pond B 39.639 7.5 -32.139 65,030 98 66,515
Pond © 43.898 5.0 38.899 41,100 g1 45,138
20.0 152,508 84 180,930




TABLE J-3 REQUIRED STORAGE CAPACITY (3)
(Even Use of Three Ponds)
J3-1
Inflow Cut Outflow Vol, Storage Ratlo | Max. Capacity
{m3/s) {(m3/s) {m3/s) {m3} %o m3
Pond A 40.627 9.5 31.127 60,779 88 69,277
Pond B 37.639 6.0 31.639 56,030 84 66,515
Pond C 43.399 4.5 38.899 35,700 79 45,138
20.0 152,509 84 180,930
J3-2 .
Inflow Cut Outllow Vol. Storage Ratlio | Max. Capacity
{m3/s) {m3/s) (m3/s) {m3} Yo m3
Pond A 40.627 9.5 31.127 60,779 88 69,277
Pond B 37.639 5.5 32139 50,630 76 66,515
_Pond C 43.899 5.0 38.899 41,100 91 45,138
20.0 152,509 84 180,930
J3-3
Inflow Cut Outflow Vol. Storage Ratio | Max. Capacity
{m3/s) {m3/s) (m3/s) {m3) % i m3
Pond A 40.627 9.0 31.627 57,179 43 69,277
Pond B 38.139 6.5 31.639 59,630 a0 66,515
Pond C 43.399 4.5 35.899 35,700 79 45,138
20.0 152,509 84 180,930
J3-4
inflow Cut_ Quiilow Vol. Storage Ratio j Max. Capacity
{m3/s) (m3/s) {m3/s) {m3) % m3
Pond A_ 40.627 9.0 31.627 57,179 83 69,277
Pond B 38.139i 5.0 32.139 54,230 g2 66,515
Pond C 43.899 _Sﬂ 38.899 41,100 91 45,138
20.0 152,509 84 180,930
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TABLE J-6-3 PUBLIC UTILITIES TO BE REPLACED
RIVER NAME : §g. Pinang RIVER NAME : §g. Air itam
ELECTRIC CABLE . -
ELECTRIC CABLE
NO. ClIR. CAPACITY REMARKS NO. CHR. CAPACITY REMARKS
fm) (KV) {m) (K¥)
402 KX] JALAN JELUTUNG 1 1480 11 JALAN AIRITAM
2 404 KX] do 2 1482 11 do
K] 412 do 3 2357 1X132
4 815 JALANSUNGAL 4 2471 11| LORONG BATU LANCANG |
S H6 do 5 2472 11 do
[ 917 do 6 2480 1] do
7 218 do 7 2481 11 do
E] 1265 JALANPATANI 8[2460 - 2940 2X132
g 6 132 JALANPERAK 9 29314 11
10 2137 132 do 0 2935 11!
1 2140 ¥} de 1 2936 11
12 3135 i JALAN AYER ITAM 2 2937 il
3 316 1 do 3 2940 Ix131
L 14 3474 ] JALAN THEAN TE1IK
S 5 4584 []
6 i) 4585 [1
IJ 7 5695 P JALANPAYA TERUBONG
8 8 5697 EX] do
9 [Vl
20 20
21 21
23 72|
23 23
24 24
25 25
RIVER NAME : Sglelutong RIVER NaME : Sg. DONDANG
ELECIRIC CABLE ELECTRIC CABLE
NO. CIIR, CAPACITY REMARKS NO CHR. CAFACITY REMARKS
(m) (XY} (m} {(KY)
1 75 TIIJALAN SUNGATL PINANG i 508
2 3 i1 JALAN I'ERAK 2 1867 JALAN THEAN TEIK
3 201 2x33 do k]| 4515 JALAN PAYA TERUBONG
4 f 11 do 4 5392 2x132 do
5 2094 HILORONG TENANG 5 5395 1] do
[ 210 11 [ 5397) u i)
7 7 5938 2x132
B 8| 5946 1i
] 9
1 10
i 11
12| iz
3 3
4 [
5 :
& [V
7 =
B 18
19 19
] 20
21 F
22 21
2] 23
24 4
25 25
RIVER NAME : Sg.Kelvang
ELECTRIC CABLE
NO. CHR. CAPACITY REMARKS
(m) (KY)
i 1542 JALANSUNGAINIBONG
2 564 do
3 565 do
4 566 do
E 1568 13 do
g 1878 TIIJALAN MAYANG PASIR
B)
9
0
1
3
14
15
[
7
8
9
2
L
22
23
24
25

J-28






Figures






3
2 4, 7 5 ) o zkm
Ter : ! 2 e
Uit \_ g @ AR TERJUN,
P DIVERSION CHANNEL
£
< %

Ie_Iutoné
Diversion Channel

—
— LEGEND
AIVER MPROVEMENT
———— Dam Completed
AVERBED WATER GESGH
PART | CHAMAGE | DISTANCE | RVERSED | WIDTH wanTH DEPTH | DISCHARGE Rewention Pond
{m) SLOPE {m) (m) {m} [md)
Pl 0704 1,110 12000 W5 44450 - L0304 | 3300330 280 Diversi el
F2 0408 15000 1000 500 41,504 -40.0% | 3R~ 31% 210 rsion Channel Completed
2 150 A 150 a0 23.00] #0.205 ~30400 | 3.195-3.100 18] _—
i TN LIW 100 B0 4 £ [ Diversion Cannel
12 111030 1900 1500 16.40) 2 3] 145] Ri I
i 0.00 1.306 130] 11070 A7) 4] 25 Iver improvement
P RETIE o 11070 200, 20] 25 &
ot [ ootds230z 2,100] 1880 [ES 14.5] 25 |
D2 | 2amiara 12100 9860 6.00] 128 25 [E]
B | 3MeaBs 1014 g 2.0} 1.5 2§ 443
DONDANG RETENTION PONDS
AR TERJUN DIVERSION CHANNEL
Pond Starags . 1 DIVERTING POINT CH3093 of Sg. Air Terjun
Arez Dapth Volume cno CATCHMENT AREA OF
{m2) ) {m3t [ms) 2 DIVERTING POINT 7.74 km2
Pons A 30.500 4.2 79.013 2500 3 | DIVERSIONLENGTH | 1740 i
Pond B 32700 4,18 72,830 6,000 4_{ CONFLUENGEPOINT | GH160 of Sq. Bab]
5 [oiscHARGE GAPACTTY 65 mass
Pond & 21.200 477 46,410 4,500
Total 84.400 198,262 20.000
Fio 1 FLOOD MITIGATION FACILITIES OF URGENT PROJECTS:
- OF SG. PINANG

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

2729 e




\ v

slﬁun \  PADANG QOLF | ; T [ SR I A W
KELAB 1 pumiT JAuBOL | ? LY = ; A xgwﬁ_m PERDARANGAR ‘)_\.
v ; b

—

PN WL S5 SR |

TAPAR SICR
y FOPERAS! DALRAM

1]} CADANGAN KOMPLEXS
1 REMREASL

) I
< gy . ~
T ol o
s - « )
R ] g . /
- . P | Z .
. . ) KAWASAN PEACABANGAN <
’ L Pl BERAS E : =
"t Peringrot | a~2._-—__" * ~,
P A Y
L H J
e 4

RIVER IMPROVEMENT

RIVER BED WATER DESIGN

PART | CHAINAGE | DISTANGE | RIVERBED | WIDTH WIDTH DEPTH | DISCHARGE
{m) SLOPE {m) {m) {m) {m3/s)
Ki 02101540 1,740] 171190 13.90 ) 3 125
A | 1540102200 01 17190 12.20 50.6 3 110
A2 | 2200102950 2 T 380 %62 25 40
23 | 2950103410 460 1450 280 224 18 40
R2 | 2410104045 1690 1160 .70 143 26 6
RELAU DIVERSION GHANNEL
i | DIVERTING POINT | GH2410 of Sg. Relau
CATCHWMENT AREA OF
DIVERTING POINT | 10.5 km2 “TLEGEND

CONFLUENCE POINT |  CH2200 of Sq. Ara €<= Diversion Cannel

DESIGN DISCHARGE 70 m3/S

2
3 | DIVERSION LENGTH 1530 m
4
5

River Improvement

FLOOD MITIGATION FACILITIES OF URGENT PROJECTS

Fia. 12 OF SG. KELUANG

THEE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

3-30 /(AN




BY Air liam Dam

2
S l Sg. Air Putih
2 w25
&)
oy
V=46,500 m* “
o
Pond
C
Sg. Dondan l
45 4ug 45 A 60 ]
e
B S N I -
Pond A Pond B
V=79.000 m3  V=73,000 o3 o
l Sg. Kecil
r
5 - |5
i
<
oh
(%]
Q
X
l Sg. Air Terjun
% 45 -— 70
o i
gl 3 ‘I"*
gl L,OJ%
&d)
Sg Jelutong Sg. Jelutong % l } iE_)
-~ - I
i
— 6> 20— \ &
- I I&:
: g HE
= - =) ;12
p o 9 -
g A I
g j !
aQ, = i !%
o l & |
3 i | L
A
. J-3 DESIGN DISCHARGE DISTRIBUTION OF SG. PINANG:

THIE STUDY ON IFLOOD MITIGATION AND DRAINAGE IN PIENANG ISLAND

J-31

[IGDN




4,79

Sg. Ara

- 35

Sg. Relau

i 4}
- B9

Relae Diversion Channel

2,20 70

Sg. Ara

Jalan Sungai Nibong 3
105 o S5g. Relan
—_— = -
Sg. Tiram : l L
16 -0.80
[=1)]
g N
0.00
e, J- DESIGN DISCHARGE DISTRIBUTION OF $G. KELUANG

THIE STUDY ON IFLLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND
3-32 HIGIN




S CARD A | 8
\ : & \ E Eg'_
o 4\ AN
ABE\ Ec‘ \O: ‘%Egﬁ
0\ \\?\ﬁ E:\ \%R': gz:_
Z\ <\ O P
o A4 PNy
2 Ll
Wy ﬂ'\j' \ N \\g
e |
é la { E \ '§
:lolq : 3 i\
fq\o\ [ E\
ol | 1 S|
I S I
P R R W
Pl e P
b oo
P D I N
el il
103 1 I
v od e <R
2 : Tyl
io o] | )
P E |
e a
. |
R
0 s s
B ho |
: : )
] i i
! ! v
I Y - A
N D VO I T .

(H Q'8 "113041S

i

sz'0 fszve |lszo'v  ||oon'zol 000 ooe|——p
sz |letere  Heose  |[ooovir [ ooooooe
eso'o |lest't  Hesee  ||ecorver | ooooosz
oeo'o- foco'e  Howse  Jlovosent [} ooo-ooez
evt-o- lissrz Hisse  f{ooorss [looorooz|
gszo- |Jevez Hesve Hoooss [oooroosz| o
ose'o~ Hewe'z  |veee  Jloootsm [ oootoosz g
toro- |leewz {leez'e  Jjooores (ooo-oorzl
sos'o- fes'z  Hisice  [looco'zor [focorooszf ey
doeso- ez Heaoe Hooose || coo-oozz
seeo- Yfizez Hizez  flooozor || oooooiz
wen'o- f{srzrz llsve'z [loootzor {f oootoooz
veso- |12z {lioez [oooes |} oootoos 4—){
ero' 1~ |[ssi'z Hssecz  |looorss Y ooo-post
seo'1- |lrzirz Hizerz  Hooorzor f cootoost
se1-1- Heeo'z  ||ewsz  {{ooomsor [§ooo-oost
i1~ Hazeo'z  lzeo'z | ooo-0o1 |} 000 oosi
wz'1- |{ses'1  |{ses'z  Hooo'es || oootoom
o5z 1~ (] ¥6°1 sz Hooores  {] oontpos
ore 1~ || vos vosz ' || ooores  }f ooo ooz
seeri- Hezowt  Hazovz  Jloooster {focorpom
orr-1- Heis't  Hswz  Jlooorse  |f eoo-poor
gov1- {lzoer  lizesz  flovoree [ 000 008
ozs't- Heee'r  ||evecz  fooorsor [ oooroos
65t~ feeat  ||esz'z  {ooorzs | ooorooe
szo'i- |lsso't  fieszrz  {looorzer flovoteos |,
vag - Heoar Heozrz  foooenn fooooos | W
sre'1- Hooot  ||ooziz | ootoet [{ocotoor 2
sst'1- flooos  Nooz'z  Hooo oo | oooooe {,‘:
svai- Hooot  Hoozz  flocoronr Hoorooz [ O
seg1- Hoos 1t Hooz'z oot |joooreor
svet- fopa1  foozrz  jfoooroorl oooto
se51- Jlopa't  Hooz'z  |oootoor | cootoor-
sto-z- Jlooat  fooz'z  |{oooroor || coo ooe-
sso-2- Jloos1  jloozrz | ocoroor §| cootooe-
seirz- Hoosr  Hoozrz  {focoroor f|ooooor-
sst'z- Noser  Hooz'z  [jooorcor [ ococos-
svz'z- Hoos'1  Hooz'z  |{oooroor [ oooroos-
gez-z- |fooar lloozz [l oo 9°00L-
ot z- [loos 1 [|ooz -z 00 00LL-
_1 @
% {0 ¢ &
a4l 64| &2 a g
&0 nx &= o a
(| B8 (| &8 = 3

LONGITUDINAL PROFILE OF SG. PINANG

J-5

FiG.

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

J-33

e



NP

ANV'IST ONVNEd NI dDVNIVEQ ANV NOILVDILIN d00TJd NO AQNLS JHL

ONVNId 'DS JO SNOLLDFS $SO¥D QaSCdoud 9 014

00t€ HO ~ 0061 HO

@
@
n
i
@ _
=
S @ 09 007'0E ~ GBZ'CY 08
0081 HD ~ 00% HD
o T 05'9€ B
s e I
} o.n.w. .\\\l - ™~ ~
w ——T C=o) .
- 1'1 Mw N JIII_I [
% % ~ . . s

S6C°0P ~ pOE'VY

(=]
wn

00% HO ~ 014~ HO

20E°E ~ 088
\
i
]
1
l
L
]
I
1
]
t
]
]
i
]
i
I
{
|
i
1
)
I
[
|
!
]
i
l
t

-y —
o POE'YY ~ SV VY

J-34



3B

UNYIST DNVNEd NI JOVNIVHA ANV NOLLVOILIW OOTA NO ACQNIS THL

WVII 9V 'O8 0 dTH0¥d TVNIALLIONOT L oA

i i | 1 i -l
w S T O9=0 _ SMEGE =0 _ S SYL=D k S Q9L=D i
BQBQBBSH . ek Aan .vH.vi.".r E jmgﬁm ZZZZZEZZ.@ZIIIIIHI“W! N _
i EcEBEE BE A BREEG I Il iE R iU I EE R i EIEGIEIBEBEREE B, | someo
§E 8888888 ¢8 288 33¢E2§8 3 $ B8 8338 888388588388 8368568888 BB88888¢8 838
B e85 2222F 3585 5628298 38288 PR af R0 R EEE 98823 B R Fuseh 8BRS 8E 8, | =wso
E §Fs 38888 88 8¢ 2338488 3 368 8888388 §8 8338888588538 8;883¢88zB8;82¢8
F AR 200 E PE RS RRSE-ZZ 55555090 0Piuy N0 000008 0000 nanammoas ox aa s s s e | ZAF] NS
5 5E5 8582 ¢% 38 %8 #8988 4as 2% 87 By 2B B85890 528388838 28
PErFEEE SIS RE RS FEIZES55555600 00 000800 00000000 00000 s s aa s we e e wa THH
E 87858353 3538 3023838 £ 38055 83888388583 F 8888 8tz RReg 2y
S LI I BES5 e pe 0w 20D @Y Ndd 980 0P N0 APEFL L L WL L WR RN RNNNN--- - -~ ~506 s ao | 1343703
B 82528853 3293 §8:c8 38 2 320 558 B3 Befg 3 058388388 8235588208888y
_w..nz.qm Trore 0 LMD ﬂ_ m
WNYE LdET 4D IHDIIM O !
== , aNznIT .la,|u.|ﬁ--.----1w.
I|||1lgwll‘!l |||||||| -~ LI TIPSR S NP e, F S
15
R O O 4 @
L\.A\Mﬂﬂt|l.||_n 3
-------nh&u.n.\..\n.nnw-..u..,-{W-.--- wepod--fod =
=Gl _ ﬁ s w
T T :
. g IR, v @ =
P ey 4 , 4 WB 4 -
.)...lqlln.“\l\ll..nlulmnlmw|w|||| |ﬂ|l%ll|||.||u|||1..al ||||||| e Tt A A et il it i e il oty i Wi il mhte it = r=1" "=~ 1t -r-=<f=1=-<r-a-r-1--r<4--r---r v =
. -] .y
||||-1L|o;mm--.-@'l.uun-.n mmbedecbadaLbod Lol L L dealada Lol -,1.::ﬁ| mmbodioblodacbadoalodo Lol vhedembadaatad B Lo L Al LoDl B Ll
L S = I S et n s T e e .
[ “HILASTTEY HNYGNDG “58 THIIN "S5 L&l

v 30vED) Wull ¥IY 93 m”v

J-35




3B

GNV'IST ONVNAEd NI ADVYNIVHA ANV ZOHH«GHHHE O0TA NO AANIS FHL

INVII ¥V 'OS 40 SNOLLDFS $SOMD QES0Od0ud g-f OIg

09 N _ 09
000 4O~ 00LL HD

J-36

— ———

oS Y5 ! 0%

Q0LLHD ~ OO HD




SG . JELUTONG

Q

5.0

v |53
/6/ a:..r.“..J ! ”_.um-
o\ “ B2
e \ ¥ ! 551
AT |
o 4\ 7 L Bla@g|
R o]
BT !
AT |
4 b o L
RV }
P L
EPEIN T
A A\
! Y P e
e\ L
. o / M . m /
DR W
L o b\ T
Y 1
S ° o o
< N o ﬁ/_._

L00°1 LOS'E {01y HOOQ'sSDI HOOG S012
808'C BOV'E 800  HoooT2o! H 0DOToo0Z
E18'0 EIE'E E16'E HOO0T0O0! K 0OT'DOBY
%)
0zL'0 0Z2'E 0Z8'€ ¥ 0OD'S6 M GUO'O0E! W
LZ9°0 L2 LZLE L ocor1o1 H oooooe! ©
'EESO gE0'E EES'E [ 00O ENT. H 000 009t M
ZEV'O Z86°2 ZES'E [ OOCTOD! H GGO°00S
€EE"0 8872 EEF'E 1 000"SB N 00D O0OF!
BSZ°C B8SL°2Z SSE'E M OOD'GIT HooorsIEn
Bri 0 B¥9°2 sré g HO0D 101 K 000002t
¥S0'0 res°2 vSi'e  Hooo'sol ffcogtoon
rrQ Q- ggr'2 9S0°€ M 000°001 H 000 DOGT
BET "D~ 29E"2 256°2 HOG0'SE H 000008
L2e'0- ELE'2 ELB"C r 000" 201 H 000008
Z2E'0- HeLl'z gee'z Hoooss 4 oootoos b
Sy O~ S80°2 S$BS'Z M O00'SDl H 000’009 o
£15°0- Hess'l LBE"2 M 002101 H 000 00S n_z”
L089° - €6B° 1 EGy°2 H DGO ETT H 000" COF (o]
EiL 0~ LBLTT LBE'Z H 000" 901 b 000" U0E
218 0- 889°1 882°Z HO00'06 | OCCSBl
958 0~ 908" | ¥02°2 | 0DC'S51 1 OCD° 50!
¥BE" 0~ 90573 S01°2 H 00D 0 HOooo'D -i!l..ilt_
_J
| Ll
w > w |
> LJ O ]
[ . - z o
i | [u =z
. X = —
fow| = Zz n a
Y| . [od —_ x
fas) I @ fm} ]

CH 1.306 — CH 2,105

CH 0.0— CH 1.306

t

1

|
. !

‘90 .
Syl 8¢,
SRR
q
l.l ,‘.7
of <
o | Ot

P 4
wy A
- \

\
\
\
i
i
;
-
f
L
q\ﬂ
i
}
l
o) |
[¥e) m_.o
T
1

, \

! \
N\
— i

T -
hd i A.u.

|

I

f \
I
o \.
™ 0
, Ve

LONGITUDINAL PROFILE AND PROPOSED CROSS SECTIONS

OF SG. JELUTONG

1-9

i,

~
Pl

IN Pl

8

STUDY ON FLOOD MITIGATION AND DRAINAC

-
4
a

- THI

NANG ISLAND

B/ GEN

J=-37




B

aNVISI DNVNAd

NI dOVNIVYQ NV NOLLVOLLIN Q0014 NO AQNIS THL

DNVANOQ DS d0 FIHCEd TYNIAQMLIONOT OI-f 014

i
‘e

F o Aam mo@xhom O il M N ommm = e~ Tm - =23002004848 050
o - I I I I S B %D N a N D L - - F S F LI - E- T - TS O A M H
EEE3 ST8: 78838858 Ro823 88 3B wpraets L ERF IR R R EREEE R R L

ZOONID

000" 201
[reoiir)]

000z

[ ihyilY ]

800" 001
jreohg ]

e vad =]

000" 2L
&3

f
0a0° 06 SEL'E

000" 01
000° D5

DOG gLk
£00° 801
DDa° 68
00" LL
000" 501
[re i 347]
DO EB
DO 6Z)
coo-es
[eisitel]
000° 05"
000" £0Y
DOO*ESE
D0o* sL
DO 56
DOD" 161
00" 549
000 D@
000" EDL
DOO" L6
00" 001
DOO°ELY
000* S5
BE3'EE
060" 00
000" 65
006 50
DOO"E8)
00089
(e v L
000" €01
000 Z01
DOG™ B0
[Eeigdei] ]
00068
0oR* 001
00O 58
(L e eag 2el |
o0t In
00G" 8,
000°EL

Indisig

EEP2BGRS 22N Y8y 55 IS5 5AG T SIS SN S SN A B S 55 6e 90 s s am ee aa v ua | T NG
-] ~ & & w T e PR R A - Hmawm - 3@ 9@ oA gaw B o @YU aw = o - nm
8558 $2888-3@88s53% 39855 B3; 8 38R 558 3058 m28s 588833538832
e
BRESS SNND 2 N NS ST RS HGE I35 5 SIS SSE ST I fee e e w6 60 a s e e ue s an Sn
XL a2 p ip T ME M OB w2 oew = mn pnomn o WY 2B o M =@ D med ™ N w @ W e N OE Y it x N B
- P= - -— o9 W Al [T I— —
8538 25282 B398 §U888 232 4RI BRe 05 By Es8 8858 3¢
N NDEE BB835 533 S3z=aa 2 raa N mﬂh.m”huﬂ.uﬂ.mm.m.sﬁmnwhmn_,blil?@w- LI I R B R O TA3T =2
© - W r D oW P A A DM DM omm D = @ rZimNa.ﬁ.-.olma B bW o= omem =@ LD a um am T
B35 248d3 325383233837 583 ¢8 B2 QeSS m M aeyl 4338508838
S e e e T e e e L . B B 2
1
R ‘
uz"-a_. ut.u_s 4G LIIZH § J mdmafiudambedeah e et e dma e duc b e d e d e
- E 6 Eﬂg 0|||l‘ii‘ll'.lllilll|'ll E L T LT RN e -y
GMIDTT i
SRR SO A I I hodes -
j
M
e eda hacacboqootodabodo L ] PR N .
4
JERRSRRRNI J SN R S ahedecbhadanhadan -
(RPN SR S N -— S U S S P Q) S5 O S P AP S O S IO sepeduatimdantad qoyr
w
4 -
2
eaine bl CELEEELEEE EES TR PP P SR R NP P bl ks Sl ke Bl et LD E L R PR TP TR T e LT T g'at 5
Wan\, - -
| e R
mmmod e b de b debe e nl e R S N dempodmmredenbademadachad qug; 0
\‘,\-_\\ L d =4
-, -
adl n\.\ w b ¥ il
v m——— S P T S R 9% RN RO O O N VUG RN O o Rt LT ETTMPORPS TF EELES EES S R T T S SO PR ) S S R RO IS O A O [ N -eted gegz I
e -
¢
4 EE PN SR R (NS U VR SO o Pt ) AP ) NP U YOV UOR Vs N SV O S P OO G St bt gz
RS PRV PR APUS ROV P S A R R vy AP S AP RSP A VUV SRR SO0 N APOE N R DU SO e e
00 JEPEY o YRR RPUPH PRI A PP KPS S SURUS Py A Y VU SEOI VO PR EURN PEON SRS SR AP SN IO desbodonbiad hg

[ h=r4

J-38



Cmmmee 8.0 14.5 "
\ 1
. N — e e - o . - -
\n "f‘," ﬁh_‘“i‘mm_ ) (Q
\\\‘ . e e ——-,d
\\ - ¢ \:}/ ALt
\\\.—// N
8.3 R
6'0 sy
12.2. 30
[ el ©
M-‘\___‘ —_ ,_:,---_-;:- mmmmmmm -.lo
ST T D 10
o
6,0
R N X e
( \\\\ 8.5 /.’/ 3.0 l
~ // o, ~ [{s]
RS - o A | o
\\ //
-_\ ‘\_y .
/ od
| |
.31 2-3,,].&3,1 o
—————— B:0~ ~ =T . _
~__10.5 1 i
=~ {
N PR PR, ! -
N T - S
R in
\ 5 o
L 3.1 .I___‘!:Q___...‘MQ,L__,
6.0 . .
—— e X[ 839 30 [ _.———" "
2 i s
N T 3
«'7'/ o
{4
§ R
~ | Ya00
SCALE .31 270 31

CHO0.014
~ CH2.302

CH2.302
~+CH3.732

CH3.732
~+ CH4.559

CH4.5589
~+ CH5.155

cHB5155
~2CH6.084

fris, J-11

PROPOSED CROSS SECTIONS OF SG. DONDANG

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

J-39

e



3B

QANVIST ONVNA NI FOYNIVYA ANV NOLLVOILIN G004 NO AQALS AHL

DONVITEA ‘DS 40 FTTAO¥Ed TYNIANLIONOT (4%} "OIg

ONENTI2M 08 @

- SASE = S@OV =0 T S@ollF o S@WSTI= O
2 3 4:bbih 88 ¢B3Y 8 £ 8 RBRNERERNNR oo oo g o=z . . = % 4
SRR R RN IR R NN R R R R R RN RN R RN N RN R ) e
§ §88EEEEE88BEEE BEgBpRpggppEEREEgEgeEanaB8z38¢zz28883¢8 888
8 82fpE2Egp8BB828 38588888 8B3BBEBB88:8BRBRREEREEEEEEE BE o | mwisw
§ §32E8FsE B8 58¢8 B BB 8e3 883832 pB8_3IB8BEIBEEE g3
.m_mmwsfmmma.em.s.am.s.gs...f..ww.v.y@.._.,.%f..wt.em._mm_,.a_,,.z_z.z_,_.z.z_,,.zez_azz_,,q TBAEY e
s $ResnfB $ESBSNCSSF SRRNI PR @YBEER 8GR RTEET AN RBRE BE3 | o
5 oo o0peo 08N NPans A s PEPL LWL L WEEW N PN NS NN NN R oo oe o= om o= s = o o
: 23353 EE BEfENSE i R8s Ef8fNGsRs8B8gingBTpifiiiriag g3 No1s20
T2 NN NN D OB MEAAwSE N NBrr- - 05028806565 5650505055 L L1 T30S
T 23558 E3 8878392228 83884728 EBY 2R3 ERBRYEEE g | O=eOume
! | I e e
- & # s ]
m-esstzcbode- S EETELCEI-CE D] Bl bt Sl et Sl il ol Rl el et B W A7 P ot g 5 & 0 Ak ek e 5 R e el Rl o § i AT T N 0o
ANYE LHADIR 4O LMDIAH © B o
N XNVR 14T1 20 IHOIN O .m.@ww vl LB
T LYY e R R e e e s o g 002
Rttt et St et 1t Rt et Sl R el ik Rl Sl P Bl el gy I T B o e S R i e e R A B Rk e ek T i Sl el 197
D
R o R o8 =l S e s . el [ 1l T s sl et el el ol el o e e MOtk R Bt Rl “rl o's A
] r
|Illl\l\n ||||||||||||||||||| il mis el iy A e = 0-8 mb
. 4 =
e&\\\ ....... S Rt oo 2
B - i PP + it~ 2 TR S S bbbyt LS E R FoLELEELE Ar-tesemtedentedole Se-bed ooz
......... Jueniey §g ———— "2 O°71

J-40



3B

GNVIST ONVNHd NI JDOVNIVICQ ANV NOLLVOLLIN J00T14 NO AGNIS FHL

ONVOTEY DS 40 SNOLLDHES SSO¥D gdsodOdd el-f Oig

l\\‘ 111' _ / i
gR..-----" Yoo YA - - . N

QL¥E HD ™ pgaZ KD

p*ﬂ LAY
:'

-2 T L o®
OE6Z HD 7~ OFET KD

[ mmm e e

53 R TEL | [ 0Tt 7
i, 7N i //ﬁuug-r-fev---.n
& ! “ i
= ! - oo :
T WIT MO T OFOLHD wos
I -1 T ¥& LR L ot
=T . [ i
i e 2 _ - —E———
P~ —— - 4JI||I!H!H»V
4 | i
o'e Evy [} J—

0901 HD 7™ Q0T = H2

J-41



D Bl ST T PR [FPRPI SN | S N TN (N N O

N\
a0
0\\‘@
O

T

|

B R M Y S Y e B

Y
s
\
1
] Y
an ‘\
m \
o 1 3 1 A
" 1 ] 1 f
0 H H o
N — L
[ b
] ¥ A =
T T a4 T
5 ' 5 T
] 1 Fa il Pz N
E 1 Y| ~ |‘\
1 1 A 1t
' ' N '%
1 ' bl I
1 1 i 1 1
1 ' ' [
T T e T
1 ' ] \ \\
' i "
1 ] : 1 : :
1 ' 1 i
T T T
1 ' t ot
1 t 1 PR
1 [ I MR
| ] o 1 \k
T ¥ Mo r—9—
] ' ' 1 :\
2 1 Ll .1 T gt
Q
. O (w] (@] @] O (]
— (0] i~ n m —_ 'I"
w s

158 (|8 [ &8 155801 |1 o8o-deor| T
46908 690° 01 699°01 p00'S6 || 000 0OBE
-jsos'e.  Hsoe's SOk 0l 000°S01 {| 000 SOBE
de1se Heis's €11°01 000 0D1 {| 00O OOLE
45e2°L SEZ'B SEB°6 000 001 || DOO' DOSE
-l es6'9 4558 LS5°B DO 001 | 000" 00SE
Jogs's  Hoss'e 082°6 000° 001 1 000T0OVE]
4{zor'a Zor B Z0D'6 000 G0F 60O DOEE ‘;’é
4¥Z1°9 vzZi'g vei'a 000° 001 }{ D00’ 0DZE g
Jovg's Sre L grv'g 000° 001 {{ poo oose] 1
- 695°5 6953°L 691°8 D00 D01 | 000" DGOE C
Ji62's - Hiez'2 168"t Hooo'ool | ooo-oosz
HElo’s  HEwL €19°¢ Hooo ool | oop*oos2
4 SELF SEL'D S€EL | 000 001 |} 00GTO0LZ
Hisvy LSv'9 L50°L 000001 {f 00D° 0092
4ogi ¢ 0Bl 9 08L"9 000" 0B 000 G0SZ
jers feses loese floowon looorowel -
1 FOD°E ¥O5° ¥y $¥91°5 oo~ 001 000 "01EZ
| zenz LBE‘Y LEB Y ooo o1 || ooo-oize
riee vizg'y ¥1B'¥ oo 00! H ooorooie
S evsz LrO v LYy oco oot | 0000002
418E°2 188°€ 18v°F 000 001 || ooo" 0061
4¥1Z2e VPIiL'E VIE 000003 000" 0081
Hevo'z LYS'E et 000" 001 || 000" COLI
Jiss1 Kiee'e 186°€ 006 00t | ooo-oogt
q¥IL ¥12'E vi8°E ooo oot Y ooo-oos:
{ers i LYDE LYIE 000001 {{ 0DO"BOYE |
J1i8E"1 188°2 18v'€  Hoooopi | 000 oOEY “E
dsiz Ueieee vie'e | ooo 001 || ooo-ooz cf
Hero s LYG 2 FAN 000001 H 000 0011 | (¥
-4188°0 HIBE'Z 186" 000" 001 000" 002
drieo riz'2 ¥1g 2 0G0’ 06t | 000" 008
devso viz'z ¥ig'z 006G 005 H 000 D08
4 1870 FiZ' 2 V!é'z oco-"0D1 00D "00L
1v12°0 aTAF-2 vig'z 000° 001 | 000002
4LvD'D iz z vig z 000001 | 000" 00S
6110~ LA FArA rig e 00" 001 040 " 00%
Josz'0- Hriz'z vig'z 0067001 }{ 000 " ODE
HESY O~ H 1;12'2 ¥iBg'Z 00" 001 GO0 002
4619°0- v12°2 vig 'z 0087001 Co0" ool
- 96L"0~ vig 2 r18'g 000" 0 000’0 |-t-

) i

[m; > w Ly

i : Y 4 a

_ _J a d

a < > » a

v T & o &

LONGITUDINAL PROFILE OF SG.RELAU

J-14

Fic.

PENANG ISLAND

\ AND DRAINAGE IN

THE STUDY ON FLOOD MITIGATION

e




Typical Cross Section of SG. RELAU

CH2410 —— .CH 4045

3.0 14.9 8.0

\ 9.7

I I

<
Q.5

N
W4
2.0
2.5

116, J-15 PROPOSED CROSS SECTION OF SG.RELAU

THE STUDY ON FFLLOOD MITIGATION AND DRAINAGIS IN PENANG _ISI_',ANI')

5-43 JIE




[

2 %
Beubkadawwna

0

||

=

o

-

fe6'E  Lghe's  QsEEE U ABR-BE: R 888-G5a
gov'e  Heor's Heoo's  Hoooroot Hoooroow
gst'E  Hesl's  Hesc's  Hoooroot [ oostoogt
gos'z  MHeos'r Heos's Hoootooi Hoootoozt
gso'z Hess's Hese's  Hooo'oor Hoooroon
gor'z  Heor's Heoo's  Kooooer Hoostoood
gsi‘z  Hest'r  Hese'r  Hooorool Hoootoos
g06°1 HEOB'E HEDS'P  HOOO'0OT § 00008
gse't Hssee Hesz'y  Hooco'oov Hooorooe
gov'1  Hzor'e Heoo'r  Hoootool Hoootons
gs1*1 Hesi'e Hese's  Hooo'ool Hooorcos
cos'c  Heso'e Heess'e  Hooorool Hoooroor
£S9'0  Wesp'e  Hess'e  Hoootool Hooo-cos
EOr'D HesD'e  HeB9'E  HooD OOl H oootgoz
£51°0  HBO'E  Hess'e  Hoontool H oootool
LB0°0- HeBO'E  HLBI'E  HOOD'D  HOOO'C
-

_ e

¥ > L W

i gl g ¢

p _ a Z

. . ¥ — —

i = d w a

= - T b I

i = & o O

/| G\

NANG [SLLAND

-
]

4

IN P

6.0

-
]+
4

.
1

70

10.9
10.9
J-44

30

LONGITUDINAL PROFILE AND PROPOSED CROSS SECTION

OF 8G. RELAU DIVERSION CHANNEL

STUDY ON I'LOOD MITIGATION AND DRAINAC

I-16

~
Fl

THI

i,




Ax%‘[[[}]ml B _H I L A .

. HW L ¥
. PN [
ddin. Foa
'

N Reinforced Congrafs

aco L 5.700 100

2,500

R.C Pilg

£ »20~30m
4 "0Zm

7501 1,000 1,000 1,000 1, 000 750
T

Typical Cross Section of Revetment (Goncrete Saction)

LWL,
Y A |

_\\’cl masensy
{t=250)

_ Base conercle
1= 50)

IR TR TR
Gravel bﬂk"(jﬁ/ L

=200 .
Base concrete

‘-\c;uodm [.ilc__/

{1 = 1,500~ 2,1X)3)

Typical Cross Saction of Revetmant {Single Seclion)

L} HWL

Reveiment for Low Water Channcel

Grovnd _concrel
_Wet masonry

_Base congrele \' T
Gravel bch H

o o / \ Riprap
_Base concrele Sk b S

_ Wooden pile

Typical Cross Section of Revetment (Compound Section)

e 17 TYPICAL CROSS SECTION OF RIVER IMPROVEMENT

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

| J-45 —-JJ"@[%



‘ilier stone
50-100kg

L
Armor stone —

_Filter_stonc

LLW.L.

Lo Core slonc

Ty os0ke o7 Amarstone
' I0kg
¥
2
Original sea bottomn surface

Jeity

{_Core_stone.

Typical Cross Section of Jetty

I<1. J-18

TYPICAL CROSS SECTIONS OF JETTY AT SG. PINANG MOUTH

THE STUDY ON FLOOD MITIGATION AND DRAINAGE IN PIENANG ISLAND

J-46

HIGINN




el
Cnblon {7
HAkress|. ¢ -0
T e

LY,

IR ﬁ?W 7

Gablon mairess

g

Sicel Shect Pile Lypical Section _of Drop Structure

T-Ginder

Typical Section of Bridge (I}

Cross Sectloa

HWI

U R.C. Pile

Longiwdiral Secdon of R.C. Slab Bridge (2)

: Concrets pavement

P
LTy

Typical Section of Bridge (1D

Cross Section

191G,

J-19

TYPICAL SECTION OF DROP STRUCTURE AND BRIDGE

THIS STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG [SLAND

J-a7 1[G




EL ROUTE

PLAN OF PROPOSED AIR TERJUN DIVERSION CHANN

ND DRAIN

ION

NORTH CNANNEL -

20

I

IFic.

-
x

1

IN Il

~
]+
Pl

]
I

Al

A
8

T

TG

1

L.LOOD MI

Al
i

UDYON 1

‘rla

N

-~
1
2

THI

NANG [SLAND

e

J-4




3B

ANV'IST ONVNHEd NI JOVNIVEA ANV NOILVOILIN Q00714 NO AQNLS FHL

e TANNYHO NOISYIAIQ NNMIAL IV 08

TANNVHD NOISYHAIA NARYEL ¥V 40 FTI0¥d TYNIANLIONOT 17t 914
: B 8 g g EBEeREBEs®E  PEmME .
g & 8 g 3 EEEEEREE: g BE g | w0
- g 8 # 22828 as0N 5 mE
> = h - 2 b 9 o oo bn R o SONDLSIA
| B B g g g EEEEBEEEEE EEEE B
. . _ _ - clicel
g & |5 g g R RS :EBE 5 | owisixs
- —— ] L 1 .I-—N>M.IH A*
y s & @ b oo ® o WwoB M= OO 8 o0 2 La3ANI
g B g g 3 E8EEBBEEREE 38 8| c2%0d0ud
- — - _ - TITMH
w v » = g BE NP Do s N - -
8 & g g 2 B EEEEEEE:: §Bg g | D60
_ _ ~ _ _ _ 3
= = @ 5 5 B oo ovoam s owe ®oen N ONIgD
3_® B 8 &  8NESEUEEEM  B®E 8| oo
- \s_&u o 1-
..................................................................... amm\.&\‘fﬂﬂ:-"ﬂmn“m o1
\II.II.II‘
\Wj [ - &
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn Un\nhnl-n ..n.n..nﬂn\.\lﬂ.v.\nmununnl: o'e
] .
|||||||||||||||||||||||||||||||||||||||||||||||||||||| \.. vl\ulll |.|L b i - A A Aty S N B a1
TR ] 5
.............................................. JOUR K I =Y 0 O N N O
L \_\j 1o} i m
/] ] -
............... UU\,M_M\.:-,-I-ui:{---:------{::-: 06 i
\ 1 ..D
L] .
: V.\“mrv\n\.h ........... o cofu e de L DIl =
"] . s 4
pe==es=@=-y et i e R iy I M |||||||||||||||||||||||||||||||||||||||||||||||| B El
& ° 7
oo e e e e e e e e e e e e e e e 051
: : |
& [sRFA

J-49



Roud  Sur face

2T AN PRV

[, 000~
. EC0

S ~ E‘ Box Culvert
o MWL, (@@ [somdA) _-.‘_;/
E .
_BO0 {1 6,300 ol L -1, 600
m
1 H \
__|_R.C. Plle
£ 740~80m
| #=04
750 2,000 2,000 2,000 |75}

CH225 . CHA420

g) -
Rood Surface
10
o
' Q"
E -'-_.‘:./Bux Culverf
o) g WL lg=5_omiagﬂ__-j_.§
W Q
60011 500 " H [ 600
: of |-
§
K 1
)
R.C, Plle _ -
A4 =40~50m
f =04m } i
1
\
700 2,000 11,300 2,000 199

CH420 ~s CH 693

Cross Section of Air Terjun Diversion Channel

iaG.

J-22

TYPICAL CROSS SECTION OF AIR TERJUN DIVERSION
CHANNEL

THE STUDY ON IFLOOD MITIGATION AND DRAINAGE IN PIENANG ISLAND

J-50

JIGEN



RpIT

{INV'ISI DNVNA NI IDYNIVET ANV NOILVOILLIN 00714 NO AQNIS HHL

( LEINI) cz-f 01
TANNVHO NOISYZAIQ NOM¥EL ¥V 40 NOLLOFS SSOUD o
08711

09°%

. .00. “-. € .
v = g e o g

I O

082

0872

NAMHAL Hiv ‘D8

06°¢

TENNVHD NOISHIAID

J-51




G, 124 LOCATION OF PROPOSED DONDANG RETENTION FONDS

THEE STUDY ON IFLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND

J-52 LTINS




BT

ANVIST ONVNZED NI AOVNIVEJ ANV NOLLYOILLIW 00714 NO AJNILS JHL
. SYAATN ANV SANOJ NOIINALIZY | cor o peroofor asom
(ESOJCHd O STTHON TYNIANLIONOT o g puod ¥  puod 210N
000°e Y A 0002 006"t 000t 0
¢} 1 1 1 1 i 1 m
wes 3! |
A _ — Ok
. Buepuog B3 / ” |
o~ _
. ™~ _ !
| - !
T o . _
wéel | _ 1T 0o~ || | #
_ WO T -
0 aNOd | _MTEU.]" g
{3 aNOd) wog 13 |
g9 GNQCd
Buepuoq ‘69
w G813
{Q aNOd)
~0C
i w13
waeiz g
Y ONOd

J-53



!,

“”i":///. N
o

-

FELAS

TNl T

o e s ol

i
i [

ulllmumllifl!i{Hij.U.Lilimzmmzmm;

LED UM RAMPA; ~ ENAAr

\HHTTHI

N

Angptine,

H L~
o

<

| ——)

cE=E K SN
LEFUN  RANBAI EMPAT
s S

Overilow Weir
(L=80m)

E8Li
— s T =
R

a7

e

TEBUI Gam

..

—

AN

i, J-26 PLAN OF PROPOSED RETENTION POND A

THIZ STUDY ON FLOOD MITIGATION AND DRAINAGE IN PENANG ISLAND
e LIGINN




3B

ANVISI DONVNEd NI HOVNIVYA OGNV NOILYOILIN d00Td NO AQNIS JHL

V NOd NOLLNAELEY dS0d0dd 40 . ' THO™d TYNIALLIONOT

LT

D1

V624

5679

4006

"98LY

-099¥

“685¥
Rild2]
RENIAR:IN

WGl

wig _Ecm wos

me'1g ;

w.—wg punoly Juwyysixy

]

06T

—0°91

m0LT

~0°8T

T 0767

6702

- 012

022

~ 0782

MED

{(w

J-55



NPl

UNV'IST ONVNEd NI ZOVNIVEd NV NOILVOLLIN G00T4 NO AQNLS dJHL

V ONOd NOLLNHIHY J380d0dd A0 NOLLOHIS SSO¥0 TVOIdAL 8T-[ VA

v dNOd

OCe . 1 =% ﬁ
ka8
— AR =N
If ﬁm P mo#m” .~
(oY v ll LN \\ ../l/
o o et T
SN $ K ilrwow\m/\%m»m A =0
= TWHT 8202 ¢ T A et
% ﬁ I 8512 o Am I
o)
| |
]
CE) 225 Ol
Bubpucqg BS

J-56



	APPENDIX I FORMULATION OF DRAINAGE MASTER PLAN
	
FIGURES
	FIG. I-9 LONGITUDINAL PROFILE OF FUTURE EXTENSION OF JELUTONG DIVERSION CHANNEL
	FIG. I-10 PROPOSED DRAINAGE OUTFALLS IN GEORGETOWN
	FIG. I-11 INUNDATION AREA IN SG. GELUGOR BASIN
	FIG. I-12 PROPOSED ROUTE OF NEW DRAIN IN BRAWN GARDEN AREA
	FIG. I-13 PROPOSED CROSS SECTION OF ORIGINAL SG. GELUGOR DOWNSTREAM STRETCH
	FIG.I-14 PROPOSED LONGITUDINAL PROFILE AND CROSS SECTION OF DRAIN IN MINDEN HEIGHTS AREA
	FIG I-15 INUNDATION AREA IN SG. DUA BESAR BASIN
	FIG.I-16 PLAN OF PROPOSED DRAINAGE SYSTEM IN LOWLYING AREA ALONG SG. DUA BESAR
	FIG.I-17 PROPOSED LONGITUDINAL PROFILE AND CROSS SECTION OF DIVERSION CHANNEL FROM SG. DUA KECIL CATCHMENT
	FIG.I-18 INUNDATION AREA IN SG. NIBONG BASIN
	FIG.I-19 PROPOSED DRAIN ROUTE ALONG JLN. RELAU
	FIG.I-20 PROPOSED LONGITUDINAL PROFILE AND CROSS SECTION OF DRAIN ALONG JLN. RELAU
	FIG I-21 PROPOSED DRAIN ROUTE AND CROSS SECTION OF DRAIN FROM BUKIT JAMBUL TO SG. RELAU
	FIG.I-22 INUNDATION AREA IN SG. RELAU AND SG. ARA BASINS
	FIG.I-23 EXISTING CONDITIONS OF SG. NIPAH AND SG. KANPUMG MASJID BASINS
	FIG.I-24 EXISTING CROSS SECTIONS OF DRAINS IN KG. MAJID AREA
	FIG.I-25 EXISTING CROSS SECTIONS OF DRAINS IN KG. MASJID AREA
	FIG.I-26 GENERAL PLAN OF EXISTING CONDITION OF SG. KG. SERONOK
	FIG.I-27 PROPOSED ALIGNMENT OF SG. KG. SERONOK DOWNSTREAM STRETCH
	FIG.I-28 PROPOSED LONGITUDINAL PROFILE AND CROSS SECTIONS OF SG. KG. SERONOK


	APPENDIX J URGENT FLOOD MITIGATION PLAN
	TABLE OF CONTENTS
	LIST OF TABLES

	LIST OF FIGURES

	1. PRIORITY AREAS AND FLOOD MITIGATION FACILITIES SELECTED FOR THE FEASIBILITY STUDY
	1.1 Priority Areas Selected for the Feasibility Study
	1.2 Flood Mitigation Facilities Selected for the Feasibility Study

	2. DESIGN SCALE OF URGENT PROJECTS
	3. Proposed Urgent Flood Mitigation Plan
	3.1 River Improvement
	3.2 Diversion Channel
	3.3 Retention Ponds
	3.4 Bridges
	3.5 Public Utilities

	
TABLES
	TABLE J-1 Required Storage Capacity (1) (Maximum Use of One Pond)
	TABLE J-2 Required Storage Capacity (2) (Maximum Use of Two Ponds)
	TABLE J-3 Required Storage Capacity (3) (Even Use of Three Ponds)
	TABLE J-4 Characteristics of Dondang Retention Ponds
	TABLE J-5-1 Bridges to be Reconstructed for Urgent Projects
	TABLE J-5-2 Bridges to be Reconstructed for Urgent Projects
	TABLE J-6-1 Public Utilities to be Replaced
	TABLE J-6-2 Public Utilities to be Replaced
	TABLE J-6-3 Public Utilities to be Replaced

	
FIGURES
	Fig. J-1 Flood Mitigation Facilities of Urgent Projects of Sg. Pinang
	Fig. J-2 Flood Mitigation Facilities of Urgent Projects of Sg. Keluang
	Fig. J-3 Design Discharge Distribution of Sg. Pinang
	Fig. J-4 Design Discharge Distribution of Sg. Keluang
	Fig J-5 Longitudinal Profile of Sg. Pinang
	Fig J-6 Proposed Cross Sections of Sg. Pinang
	Fig J-7 Longitudinal Profile of Sg. Air Itam
	Fig J-8 Proposed Cross sections of Sg. Air Itam
	Fig J-9 Longitudinal Profile and Proposed Cross Sections of Sg. Jelutong
	Fig J-10 Longitudinal Profile of Sg. Dondang
	Fig J-11 Proposed Cross Sections of Sg. Dondang
	Fig J-12 Longitudinal Profile of Sg. Keluang
	Fig J-13 Proposed Cross Sections of Sg. Keluang
	Fig J-14 Longitudinal Profile of Sg. Relau
	Fig J-15 Proposed Cross Sections of Sg. Relau
	Fig J-16 Longitudinal Profile and Proposed Cross Section of Sg. Relau Diversion Channel
	Fig J-17 Typical Cross Section of River Improvement
	Fig J-18 Typical Cross Sections of jetty at Sg. Pinang Mouth
	Fig J-19 Typical Section of Drop Structure and Bridge
	Fig J-20 Plan of Proposed Air Terjun Diversion Channel Route
	Fig. J-21 Longitudinal Profile of Air Terjun Diversion Channel
	Fig J-22 Typical Cross section of Air Terjun Diversion Channel
	Fig J-23 Cross Section of Air Terjun Diversion Channel (Inlet)
	Fig. J-24 Location of Proposed Dondang Retention Ponds
	Fig. J-25 Longitudinal Profiles of Proposed Retention Ponds and rivers
	Fig. J-26 Plan of Proposed Retention Pond A
	Fig. J-27 Longitudinal Profile of Proposed Retention Pond A
	Fig. J-28 Typical Cross Section of Proposed Retention Pond A



