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enough space for prbjection of the open channel type. This
underground type diversion channel ig not wvisible and
presents no aesthetical problems throughout its route.

12.3 PRELIMINARY ENVIRONMENTAL IMPACT ASSESSMENT

12.3.1 Preliminarxy EIA in Malaygia and IXIts Relation
to the Projeact

The Environmental Impact Assessment (®IA) for
development projects became mandatory in April 1988. This
is the result of an amendment to the Environmental Quality
Act of 1974. By this amendment, the prescribed development
activities must undergo a mandatory EIA. However, - the
projects concerning flood mitigation and drainage described
in this Study do not legally require EIA,

Even though, the Department of Environment, Malaysia,
encourages projects to undertake EIA as a mechanism for
better project planning. The preliminary FEIA process would
be able to identify and resolve problems before the
commencenment of the projects.

The preliminary EIA study has been conducted by a
research team from the University Science of Malaysia. The
study results finalized during the feasibility study period
and the preliminary EIA report are edited separately,

12.3.2 General Objectives of the Preliminary EIA.
1) Title and Type of Project

The title of this project is "The Urgent Projects for
Flood Mitigation and Drainage in Penang island." And the
preliminary EIA of the project is undertaken on the
proposals made 1in the feasibility study for flood
mitigation and drainage for Sg.Pinang and its tributaries.

2y Project Initiator

Since flood mitigation and drainage is under the
superintendency of the Department of Irrigation and
Drainage(DID), and urban drainage is under the Municipal
Council (MPPP).

The project initiator is the DID of the State of
Penang cooperation with the DID of Federal Government and
MPPP.

3) Need for Flood Mitigation and Drainage

Because of the increased number of built up areas and
the development trends in the water catchment of the
rivers, the amount of run—-off water after a storm has
obviously increased. This has increased number of
floodings in urban flood prone areas over the years.  There
is a clear need to take action to mitigate these frequent
floods, C
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12.3.3 Genaral Description of Preliminaxy REIA of the
Projects and Mitigation, Abatement Measures

The Preliminary EIA of the proposed river improvement,
retention ponds, and diversion channel has been carried by
the USM research team following the guidelines laid down in
the FEIA handbook published by the Department of
Environment, Ministry of Science, Technology and
Environment, Malaysia. The physicochemical, biological,
public health and safety, socioeconomic, aesthetic and
cultural components of the environment have been examined.

1) River Improvement

The impacts of the river improvement are generated
mainly during the construction phase. Some physicochemical
and biological impacts may be considered, however, they are
relatively minor things.

A great amount of earth and mud to be removed for
river widening and deepening would generate a certain
impact. However, the earth and mud would be utilized for
land reclamation projects and would be considered as being
a mutually beneficial solution.

The biological impacts are mainly in the changes to
the riparian flora and fauna. However, the riparian
vegetation is common types o©of grass without any particular
value. The same thing can be said for the aquatic fauna.

The landscaping of the river corridor as a provision
for the riverside park will be beneficial for enhancing and
rehabilitating the aesthetical wvalue of the riverine
environment in the urban areas.

For acquiring the river reserve space to widen the
river channel, the need for the compensation and relocation
of many of the houses and buildings built right up to the
river banks would have some serious impacts. This matter
might be coordinated by government authorities and the
concerned municipal council to come up with a relevant
solution,

2) Dondang Retention Ponds

The use of heavy machinery for the earth works, that
will have a short teme impact on nearby residents as a
result of the noise, visual instruction, and earth moving.
The transportating of excavated earth should be done during
non~peak hours.

At the 30-year return period, the sediment locad of the
flood water may be high and this would settle at the bottom
of the ponds.

During the construction phase, the site clearance and
earth work will have a drastic impact on the existing
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vegetation, such as grass, wayside plants; the inherent
natural soil will be destroyed. However, no wild life or
any endangered species are involved here, Scil erosion
will appear after the earth works. Suitable mitigation
measures and prompt revegetation of the exposed earth are
to be adopted.

The retention pond spaces are to be landscaped and
will be utilized for sports and recreational purposes.
Also, the scenic improvement made to the environs will be
appreciated by the area residents. Of course, if a flood
having a 30-year return period occurs, the retention pond
spaces will be placed off limits.

3) Diversion Channel

The impact related to the ceonstruction of box
culverts, such as noise and dust problems, are usually
unavoidable., ‘The excavation also affects the root systems
of roadside trees. Royal palms have a shallow and fibrous
root systems and the old angsana trees have a tap fibrous
root systems; the main roots of these trees are likely to
be affected. Branches trimming may be required to maintain
a balance with the roots.

The traffic flow, hawkers and commercial establishment
and existence of two schools are the. problems for the
construction impacts along the Jln, Gottieb. Rather heavy
traffic congestion and flow are generated for the school
students, commercial activities and the hawkers clients at
night time.

There would be a need to phase the constructicon in
such a way as to allow for some traffic flow. Adeqguate
sidewalks, along with adequate safety measures, would be
needed to handle the pedestrian f£low that includes
students, and the handicapped.

The possible mitigation measure for the hawkers
activities would be temporary relocation of the hawkers
site incorporate construction phasing or something more
permanent relocation to the hawkers complex in accordance
with administrative guideline by the public avthority.

4) Retention Ponds for the Urban Drainage

The construction of the retention ponds probably will
have some short-term impacts, such as by visual
instructicons and by dust and noise problems, on the local
community. However, the construction sites are. at the
coast line away from residential areas, these impacts will
have no serious affects. :

During the operation phase, the ponds will receive

drainage water and run-off from urban areas. If the water
in these ponds were permanently overtopped by organic
loads, odour problem would develop. However, in a dry
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condition, the odours emanating from the ponds would
probably diminish somewhat. '

The mitigation measures to be taken in an effort, to
improve the quality of the water is a complex problem, one
related to hygiene and public health. Rubbish screening,
discharging pond waters on regular basis, and pond
monitoring are some means for mitigating the problem.
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CHAPTER 13 EVALUATION "OF URGENT FLOOD
MITIGATION AND DRAINAGE PROJECTS

13.1 ECONOMIC EVALUATION

This economic evaluation aims at assessing the
investment efficiency of the three urgent projects
identified in the Master Plan.

Three urgent projects are as follows:
- S5g. Pinang Flood Mitigation Project
- Sg. Keluang Flood Mitigation Project

- Georgetown Drainage Project
{Zone N-12, S-10, and S5-18)

Among these three projects, Sg. Pinang project area
includes Georgetown Drainage project area.

- In this common flood prone area, the flooding problems
can nct be solved by the sole project and the effect of
flood mitigation or drainage project would be achieved only
after implementing together these two projects.

Hence, for the economic evaluation, these two projects
were also evaluated as one project.

The framework of evaluation method itself is the same
as that for the Master Plan study. However, there are two
major differences: irst is the enlargement of benefit
item coverage, and second is accuracy in cost estimation.

13.1.1 Economic Construction Cost
1) Conversion Factor

Project costs at 1990 market prices for each urgent
project are shown in Tables L.6-3, L.6-4 and L.6-5 in
APPENDIX 1.

. For economic analysis, the nominal project cost is
converted into economic cost which excludes the portion of
transfer items {tax, duties and subsidy). The economic
costs were calculated by using conversion factors selected
by each cost item as shown below.

Conversion factors of every cost item are selected

from "National Parameters for Project Appraisal in
Malaysia, 1988" and presented as follows:
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Cost Item : Conversion Factor

Direct Construction Cost Q.91

Land Acquisition & Compensation 0.88

Government Administration 0.82

Cont ingency .88
2) Economic Construction Cost

The proiject cost was divided into domestic and foreign
portion in accordance with the availability of the
materials in Malaysian boundary.

Domestic portion of the cost at the market was
converted into economic cost by means of the above
mentioned conversion factors. Foreign portion was used as
economic cost without any modification. Exchange rate at
August 1990 was used. .

Economic costs of the three urgent projects are shown
in Table 13-1 and summarized as follows:

(unit; Million M$)

Project Economic Cost

Sg. Pinang Flood

Mitigation 112,072
Sg. Keluang Flood

Mitigation 33,343
Georgetown Drainage 32,544

The foreign exchange rate was adopted as below to
convert to US$ and Japanese Yen.

One (1) US% = M$ 2.70 = Yen 140.0
3 Operation, Maintenance and Replacement Costs
The annual operation and maintenance cost was

estimated to be 1% of economic construction cost and
summarized as follows:
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(unit: 1000 MS)

0/M Cost Replacement Cost (0,91)*}
Sg. Pinang 1121 90 (88)*2 every 20 year
Sg. Keluang 333 -
Georgetown Drainage 325 3,000 (2,946) every 15 year
( )»* : Conversion factor ( )*2 : Economic Cost

Enrollment is expected to start from the first year
after the completion of construction works. :

: As for the replacement cost, facilities such as gates,
_ pumping equipments, and trash racks are assumed to be

‘replaced by new ones at the same prices as the present
ievel  every 15 or 20 years after completion of
construction. The replacement cost for each urgent project
is also shown above.

13.1.2 Economic Benefit

Benefits of these urgent flood mitigation and drainage
projects are defined as difference between the flood damage
potential cases, "with the project” and "without the
project". This is equivalent to the magnitude of reduction
in flood damage.

The following benefits were estimated in monetary
terms:

i) Reduction of general property damage
1i} Reduction of public property damage

1ii) Reduction of indirect damage

These flood damage potentials by damage item and flood
frequency for each project are shown in Table 13-2-1
through 13-2-3 and summarized in Table 13-3.

Average annual flood damage reduction is calculated by
the following equations: '

D=2 [ (Ng-1 = Np) % (Lp-1 + L) /2]

Where, D : Average annual damage
Nm : Excess probability for discharge
level m
Lm : Amount of probable flood damage at
applicable discharge level m
m : Ordinal number for discharge level

corresponding to return period
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Average annual flood damage for each urgent projects
1s as follows:

{unit; Million M$ in 1990 prices )

Project 1990 2010
Sg. Pinang 27.6 30.1
Sg. Keluang 0.4 11.4
Georgetown Drainage 3.4 3.9

13.1.3 Comparison of Costs and Beneafits

The econcomic evaluation of the project was made in
terms of the economic internal rate of return (EIRR), net
present value (NPV) and benefit-cost ratio (B/C) based on
the following assumptions: '

- The total economic construction costs were
distributed to each yeaxr of the construction
pericd according to implementation program (see
Table 13-4-1 ~ 13-4-4). '

- The project benefits are assumed to be realized 5
years after the beginning of the project
implementation in 1996,

- Enroliment of the annual operation and maintenance
costs is expected to start from the first year
(1996) after the completion of -construction works,

- The benefit increases exponentially between 19590
to 2010 and remains constant after 2010.

- Opportunity cost of capital is 8%,
- Social discount rate is 8%.

Cash flows of economic costs and benefits are shown in
Table 13-4-1 through 13-4-4.

The results of evaluation are as follows:
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Project BIRR NPV B/C
: (%) (1000 M$)

Sg. Pinang 17.5 132,212 2.34
S¢g. Keluang 14.6 33,829 2.15
Georgetown Drainage 8.6 1,713 1.06
Sg. Pinang & G/T Drainage 16.0 133,925 2.06

As shown in the above table, all urgent projects are
judged feasible because;

- The economic internal rate of return of each
project shows a higher level than the
opportunity cost of capital (=8%).

- The other two evaluation indicators also approve
of the implementation of the projects.

13.1.4 Sensitivity Analysis

Results of the cost benefit comparison were assessed
based on different assumptions of benefits and costs in
order to measure the impacts of unexpected changes in
benefits and costs on the investment efficiency.

In this study, benefits are assumed to fall down as
much as 80% of the original level, while costs increase up
to 120%. Changes in economic internal rate of return are
shown in Table 13-5 and summarized as follows:

Project Title Cost Benefit Cost 20% up
20% 20% and
up down Benefit 20% down

Sg. Pinang

Project 15.1 14.6 12.4

Sg. Keluang

Project S 12.8 12.5 10.9

Georgetown Drainage

Project | 6.8 6.4 4.8

Sg. Pinang &

G/T Drainage Project 13,7 13.2 11.1
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Results show that two flood mitigation projects are
feasible even in the possible worst case with costs 20%
higher than the original and benefits 20% less than
original. While, in the case of evaluation for sole
drainage project, the investment efficiency goes down lower
than the opportunity cost of capital.

However, as described before, this drainage project.
should be evaluated together with Sg. Pinang  Flood
Mitigation project.

Furthermore, besides this damage reduction benefit,
although not estimate in monetary terms in this report,
Georgetown Drainage prOJect generates the benefits as
follows;

i) In the study area, there exist lowlying areas
which are affected by high tides, During the
high tides (about 2 weeks per month), extremely
polluted water stagnates in the drains including
domestic waste, catering industry waste and
garbage disposal, These aggravated conditions
are expected to be greatly improved by
implementation of drainage works,

ii) Drainage project areas are included in the city
centre and very. valuable zone as a commercial,
business and tourist area. In such area,
improvement of sanitary condition generates
enormous intangible merits.

Finaly, it is concluded that three flood
mitigation and drainage projects are all feasible and
their implementation are recommended.

13.2 SOCIAL IMPACTS

First, these projects can contribute to the removal of

development constraints in the future. Floods generally
interrupt traffic and makes it difficult to affects
deliveries for the manufacturing sector, In some cases,

their production schedules might be changed because of a
flood. It is also anticipated that, without the project,
future investment might be depressed. The projects can
remove these development constraints.

Secondly, the projects can contribute to an
improvement of people's public health and amenity. It is
obviocus that floodings, especially in the town area, cause
disease epidemics and aggravate living amenity. In
addition, it also gives other an unfavorable impression of
the town, especially to foreign tourists. These flood
drawback should be removed and agreeable living environment
should be guaranteed by the projects.

Thirdly, implementation of the flood mitigation and
drainage projects will effectively contribute to the
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inhabitants' endorsement of the government investment
policy. The interview survey makes it clear that the
Drainage System Improvement Project ranks at the top of the
project list in so far as the people of Penang Island are
concerned. Priority preference is given to the projects
listed below: '

Top preference: drainage system improvement

2nd preference: sewage system improvement

3rd preference: housing development

4th preference: river/sea water purification

5th preference:  road network and traffic
improvement

6th preference: public transport system
improvement

13.3 CONCLUSION

It is concluded that the three urgent projects are all
feasible and their implementation are recommended.

The reason for this lies in the fact that the
evaluation indicators of the three projects are higher than
the opportunity cost of capital and the proposed flood
mitigation and drainage projects will lead to the
improvement o©f social welfare and will confirm
opportunities for further economic development .,
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TABLE 13-1 ANNUAL DISBURSEMENT SCHEDULE OF ECONOMIC COST

(Sg. Pinang)
(Unit: 1000 H$)

I Cost Items Tagount ! 1991 1992 1993 1994 1995 |
'], Pirect Cost F.c Tig,040 ! 0 ¢ 7,618 5,712 5,712 |
! I L.c I 7,853 1 g ¢ 3,141 2,356 2,358
L e |Total 26,883 1 8. .. 0..10,757 8,068 _ 8,068 |
!2. Land Acqu151tlon & I'F.g 1] . 0 0 0 0
! House Evacuvation Costsl L.C 66,836 0 13,418 33.418 [} 0
L iretal |gs,83p ! 0 33,418 33,418 0 0!
I's” Administration Cost | F.C 01 i ] D 0 0!
| I .c 1,132 1 228 228 226 226 226
................................................ |Total } 1,132 | 228 228 228 226 226 !
4. Engineering Services F.C ! 1,901 475 415 317 a7 317
Cost L.C 764 176 176 117 117 117
................................................... Total | 2,605 1 651 . 851 434 434 . 438!
5. Physxcal Contingency F.C 3,140 1 71 1.1%0 2904 904
L.C |11.468 7¢ 5,078 5,524 397 397
. Total |14,608 141 5,149 6,714 1,301 1,301}
f Grand Total F.C 124,081 545 546 9,123 5,913 6,933
L.C 87,99} 473 38,898 42,427 3,008 3,006
Total 112,072 1 1,819 39,444 51,550 10,029 10,029 |
(5g. Keluang)
(Unit: 1000 H$)
Cost ltems FAsount 1891 1992 1993 1994 1995
1. Direct Cost . F.C 6,070 g 0 2,428 1,82t 1,821
L.c 2,457 g .0 983 737 737
R SRR Total !-8,527 1 0 - §..3,411 2,508 2,588
2. Land Acquisition & F.E 0 0 0 0 ¢ ]
House Evacuation Costs| L,6 [19,281 0 9,640 9,640 ] g
e et {Total 119,281 | 0. 9,640 8,840 .8 .80,
3, ‘Administratien Cost F.C ] 0 13 1] i} ]
L.C 381 T2 12 72 72 72
SO Total j . 361 % 72 . d2. 7. %2. .12
4. Engineering Services F.C 612 153 153 102 102 102
Cost L.C 222 56 ‘56 37 37 37
ST UUUUUOUOTOUUUTOURORUOONY 1.1 ¥ S8 IO 834 | 200 i 209 .. 139 .. 138 ....138.
5. Physical Centingency F.C 449 22 a2 319 288 288
.t 3,341 20 1,467 1,605 124 124
Total 1 4,340 42 1,488 1,985 412 412
Grand Total E.C 7.681 175178 2,908 2,211 2,211
. L.C 125,662 148 11,235 12,338 970 a70
Total 133,343 323 11,416 15,247 3,181 _ 3,181
(Georgetown Drainage)
1 _ i i (Unit: 1000 %%)
! Gost Itenms « Aaount 1991 1992 19483 1994 1995
1. Direect Cost FF.c Ti7,000 1 i 0 6,836 5,127 5,127
L pg 17,271l ¢ o 2.908 2,181 2,181
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Total 24,3611 . 0 0 9,744 7,308 7,308
2. Land Ar:qu151t10n & F._C 0 1 0 1] B B [] ﬁi
House Evacuaiion Costs| L.C 554 0 271 277 ] ]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Total | 554 o ...297 2070 ¢!
3. Administration Cost F.C 0 0 0 i 0 el
L.C 1.033 207 207 207 207 207
................................................... Totad 1 1,033 1 207 207 207 207 . 207}
4. Engineering Services F.C 1.711 428 428 285 285 285
Cost L.C B55 164 164 109 109 109 !
................................................. Total @ 2,366 | 592 592 384 384 34
%. Physical Cuntlngencv F.¢ 2,820 64 64 1,068 8tz 81z
L.c !o1,400 &0 101 514 357 367
Total | 4,229 124 t65 1,582 1,179 1,175 |
Grand Total MF.c Ta1.821 4932 492 8,189 6.224 6,224
I L.c 110,923 430 749 4.015 2,864 2,864
Itotal 112 544 922 1,241 12,204 9,088 9.088 !
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for 1.1~year return flood are estimated

0.0
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0.0
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1.9
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0.0
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0.0

0.9

tion with that for 5-year return flood.
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1.0
0.0
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0.0
0.8
0.4

8.0
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8.0
g.0
0.1

based on fioocd prone area in propor

Income/Sale Loss

(1) Shop Revenue

(2) Factory Prcduction
(3) Bus Services

(43 Taxi Services

(5) Trishaw Services

Sub-total
E. Vehicle's Running Cost

{1) Operating Cost
{2) Time Cost
Sub-total

Grand Total

Sub-toatal

'C. Agricultural Products
Remarks: Flood damage potentials of ‘General Property’

b.




"poO(] uIniad JeaA-g JOJ 1®Y} Y3TM uUotldododd ul wale duodd poel] .o paseq

Pa1BEII53 AJP POO[J UINIST 1edd-1°7 J0]

Aldadelg 1Bl

uagn, jo syelluslocd afemep poolj ‘sSyIeEayY

A PG 81 i 1761 §°V [ i [e10] DUBRIG

3y [ £"8 PR L0 R i [e3jol-qny

iy B0 £°0 “ L2 9°0 2°0 _ 1so0] 2@l (T) |

g0 170 070 | £°0 1°0 070 | 1s0) 3uiledsdp (1) _

i { 31809 Juruuny §,8[ITY3aA ¥

1°¥ §°0 [3] | B7% ] 2°0 _ B TE307-q08 |

g 1 £°0 170 | 071 20 1°0 [ 530Ta188 MBYSIIL (G) |

i1 [} 1°0 PLTe 20 1°0 i $30TAIBY IXB] (V). |

11 z°8 e i 178 (AL 1'0 _ §9014dag SNg (L) |

670 (i 06 | 070 90 0o I got13anpodqg AJ0132i (7)

£°0 [ ] (/] 1270 070 0°0 i anuaaay doys (1) |

i ; §507 3[vG/AWOAUT "]

0°0 09 9°0 p 070 G0 0°0 ] SIIRPOI [EINITAILAAY ")

175G 171 Vo ] "1 (1] i [2101-qn5 |
00 it 60 | 6°0 G0 0°0 (AITTTORY AUTPTIRG -a0f (9)
879 (1] a0 ] 670 ] 470 i 1e31d80H 100425 (§)
{10 60 0°n i 6°0 60 00 w A31710®4 "@BEIATIL (¥)
670 0ot 070 i 6°0 0 0 0°0 ¢ £30119%7 431ata3s8ty (L)
079 0°9 09 j 670 5 0 G670 i a3p1ag ()

"¢ [ ] p 178 1 F o i peOy (1) |

i i | Alaadoxgd atigad "9
¥ 8 £z L0 j ¢'8 272 L°¢ | [EIO0X-QNG
iz L8 b i 6°1 9°0 2'0 i S§a0lg [erodamuwoy (k)

01 -0 [} j £ (] [ A s}ossy [elodammwd] (L) |

| 872 §°g 278 j L2 870 2°0 i §3yoliay pleyasnoyf (Z)

_ €2 7l g p b2 ] 1°0 i sasnoy (1) |

{ . i : 4138d0Jg [eBJIIUIY "V

o 0t/i c/1 111 | O1/1 G/ 1 1°1/1 i i

! 0102 , 0661 : B31] 33vERg i

{Sa0ldd 066 Ul $§ UDTTIIRM 31uUn)
(AOVNIVAA NAOLIDIOTD )

AONINOEYI OO ANV WAL FOVINVA A€ TVILNZLO dDVINVA QOO €-T-¢1 4TdV.L

13-11



TABLE 13-3  FLOOD DAMAGE POTENTIAL BY FLOOD FREQUENCY

_ (Sg. Pinang)
funit: million M$ in 1890 Prices)

[ Year I1l.l-year 9-year 10-year 30-year 50-year !Annual Average |
I | Return Return Return Return Return | Flood Damage |
! | Flood Flood Flood  Flood Flood ! Potential !
[ 1550 ! 6.4 19.1 94.9  198.7 266.1 ¢V 27.6 !
to2010 | 6.7 20.2 105.4 219.9 287.4 | 30.1 1
(3g. Keluang) .
(unit:; million #% in 1990 Prices) -
™ Year 11.l-year G5-year 10-vear J30-year 50-year !Annual Average
| ' Return Return Return Return Return | Flood Damage
| i Flood Flood Flood Fload Flood | Potential - !
YT T 0.1 0.4 0.9 1.9 5.6 0.4 !
| 92010 ! 4.1 13.9 27.4 37.2 686 | 11-4 !
(Georgetown Drainage)
{unit: mitlion H$ in 1990 Prices)
. Year I1.1-year 5-year 10-year | Annual Average !
! | Return Return Return | Flood Damage !
! | Flood Flood Flood | Potential !
1990 | 1.5 4.8 19.1 1 3.4 1
9910 | 1.8 5.4 22.9 | 3.8 |
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< CHAPTER 14 >

CHAPTER 14  WATER QUALITY IMPROVEMENT

14.1 INTRODUCTION

As severe pollution conditions of the rivers in the
Study area were recognized during the formulation stage of
the project, the study on river water quality was added to
the original scope of work for the flood mitigation and
drainage study.

In the Study, the water quality analysis and
data/information collection for river water and pollution
sources were conducted to identify river water conditions
and to analyses the causes of the pollution. Regarding
river water conditions, the results of the study have been
mentioned in the previous section of this report.

In this section, the results of the pollution
analysis, which identifies the major sources of the present
river pollution, will be summarized and the improvement of
water guality will be discussed.

14.2 POLLUTANT SOURCES

In the Study, pollutant sources were classified into
the following categories and the amount of pollutant load
from each source was estimated from the existing data:

- Domestic Waste

- Industrial Waste

- Livestock Waste (Pig Farming)
- Catering Industry Waste

- Garbage Disposal

14.2.1'Domestic Waste

Domestic waste 1s wastewater originating from daily
human activities, such as the discharges from kitchen,
laundries, and toilets, and from cleaning and bathing. The
amount of the peolluticon load from domestic waste to rivers
varies depending on the disposal system. Presently, the
systems shown below are being used to dispose of donmestic
waste from each home in Penang Island. The types of
domestic waste disposal and their characteristics are
summarized in Table 14-1. The population to be served by
each system are estimated as shown in Table 14-2,

(a) Sewer collection

(b) Sewage treatment plant
(¢) Individual septic tank
(d) Bucket type toilet

{¢) Pour flush toilet

14 - 1
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14.2.2 Livaestock Waste (Pig Farming)

Pig farming is one of the largest industries in Penang
Island, it is also considered to be one of the biggest
pollutant sources. During the site observation, severe
deterioration of the river water conditions, apparently by
discharge from pig farms, were noted and it was found that
the wastewater was discharged to the river without proper
Lreatment.

Throughout the island there are more than 600 pig
farms having a combined total of about 100,000 pigs. The
numbers of pigs in each catchment are summarized in Table
14-2,

14.2.3 Industrial Waste

Factories in Penang Island can be divided into the two
groups based on their discharge quantity. The Environmental
Quality (Sewage and Industrial Effluents) Regulations
defines 60 m3/day of discharge quantity as a lower limit to
which discharge standards will be applicable. There 1is,
however, an exemption for rubber and palm oil industries.

There are 16 factories in the Bayan Lepas Industrial
Area and 11 factories outside the Industrial area that
discharge large amounts of wastewater. For most of these
factories, either the Environmental Quality (Prescribed
Premises) (Raw Natural Rubber) Regulations 1978 or the
Environmental Quality (Sewage and Industrial Effluents)
Regulations 1979 is applicable. The effluent quality could
be controlled by the discharge quality standards.

Many household factories and workshops are located in
the Georgetown city area and along the main roads.
Although the quantity of individual discharges from such
sources are not so large, their combined effect on river
water guality may be significant because of their large
numbers. However, little data on such small industries was
available.

14.2.4 Catering Industry Waste

There are many hawkers and stallholders conducting
business on the street. According to the information from
the Health Department of MPPP, more than 3500 hawkers are
operating throughout the island. 80% of them are
concentrated in Georgetown.

Judging from the number of hawkers and their business

operations, it is considered that their discharges affect
on the water guality of the rivers to quite an extent.

14 - 2
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14.3 ESTIMATION OF POLLUTANT LOAD

The pollutant load to each river was calculated from
the number of pollutant sources and the unit pollutant load
for each source for the purpose of identifying the major
pollution sources of each river.

14.3.1 Unit Pollution Load

The unit pollution load used in the calculation are
shown below. These values were obtained from technical
literature since no survey was conducted during the study
to determine the unit pollution load nor was there any
relevant data available in the Study area.

(BOD g/cap/day)

Source Toilet Others Total
Domestic 13 61 74
Pig 170

SQURCE: Guideline for the Comprehensive
Basin-wide Planning of Sewerage System,
JARPAN.,

The generated load from domestic waste is reduced by a
certain treatment before being discharged into the rivers.
The removal efficiency depends upon the type of treatment.
In the calculation, the removal ratio shown in Table 14-3
was applied.

The waste from pig farms was assumed to be discharged
into rivers without reduction since all the waste generated
in the farms was washed out and discharged into the rivers
without treatment and the most of the pig farms were
located along the river.

14.3.2 Estimated Pollution Load

The estimated pollution load was calculated from the
above unit pollution load and the number of pollutant
sources in each catchment. The results are shown in Table
14-4. It should be noted that the estimated pollution load
does not include the load from sources other than domestic
waste and pig farm waste, such as industrial waste,
commercial waste, etc., because data on the unit pollution
load for such sources was not available. However, it has
been found that most river conditions can be described by
them as explained in the next section. The estimated BOD
locad and ratio of domestic and pig farming are illustrated
in Fig.14~1 and Fig.14-2,

14 - 3
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14.4 CAUSE OF POLLUTION

Fig.14-3 shows a comparison of the actual BOD and the
estimated BOD concentration for each river. ( The estimated
BOD was calculated by using the estimated pollutant load
and the river flow which was estimated by assuming the
specific run-off to be 0.1 cum/sec/sqg-km.)

As can be seen in the figure, water gquality conditions
of most river can be explained by the estimated pollutant
load since the estimated BOD coincides with the actual BCD.
Therefore, it is concluded that the existing pollution in
most rivers is mainly caused by domestic waste and pig farm
waste,

Furthermore, major pollution sources of the extremely
polluted rivers and the Sg. Pinang are identified as
follows: '

Sg. Nibong Kechil: Pig farm waste

Sg. Nipah: Pig farm waste
Sg. Gertak Sanggul: Pig farm waste
S5g. Pinang: Pig farm and Domestic waste

14.5 CONSIDERATION ON IMPROVEMENT OF RIVER WATER
QUALITY

14.5.1 General

Everybody knows that the rivers in Penang Island are
polluted. However, not a single person can tell how
pelluted the rivers are quantitatively or just how much
they should be improved.

What 1is necessary and important, in consideration of
the river water quality improvement, is, firstly, to know
the existing water quality conditions and, secondary, to
establish the goal of the improvement, The policies for
achieving the improvement will be determined by selecting
optimum measures to economically and technically overcome
the difference between the existing and required
conditions. Therefore, in general, a comprehensive study,
including the following actions, are proposed to consider
the water guality improvement of the rivers in Penang
Island:

1) Long-term and periodical water quality monitoring
should be undertaken. Within the peninsular, side
water gquality monitoring stations have been
established in many rivers and periodical water
quality monitoring 1s being conducted by DOE. Such
stations should be established at rivers in Penang
Island; at least one station in the Sg. Pinang.

~ii) The goal of the water quality improvement should be

established considering the uses of the river. The
National Water Quality Standards for Malaysia,
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(shown in Table 14-~5) provides water guality
criteria by classes which represent the water uses.
Therefore, the improvement goal can be determined
by applying the class considering the actual water
uses and required the water uses of the rivers in
Penang Island.,

iii) The pollution analysis should be carried out to
: describe the relationship between river water
guality and pellutant generation in the basin.
This will require basic information on pollutant
sources by basins, such as the number of pollutant
sources, unit pollutant discharges from each
source, etc., and water quality data of the rivers,
including yearly changes, annual fluctuations,
relation to flow rate, etc. As a result of this
analysis, the allowable discharge of pollutants to
achieve the goal will be calculated,

iv} There are several measures for reducing the
- existing pollutant generation in the basin to an
allowable level, Regulating the pig farm
discharge, strengthening the industrial wastewatex
discharge and domestic wastewater discharge,
installation of the central sewerage treatment
system would reduce the pollutant discharges. The
optimum solution would be determined by comblnlng
such measures.

14.5.2 Reducing Pollutant Load

As a result of the pollution analysis, it was revealed
that the river pollution was mainly caused by the discharge
of domestic waste and pig farm waste without proper
treatment. It is apparent that the most essential matter
for river qguality improvement is to reduce the pollutant
load to rivers,

i) Pig Farm Waste

Particularly in the three extremely polluted
rivers, it 1s strongly required to implement means
for reducing pig farm waste, For example, if they
change the pig sty so as to be able to collect and
dispose of feces separately from urine and washing
water, the pollutant discharge would be reduced by
80%.

Since this would possibly require spaces for
feces dispesal and additicnal manpower to collect
and dispose of the feces, it may not be readily
acceptable by the pig farm industry. This will
reguire further study to find out feasible
economical and technical methods,

However, at first, it should be decided upon to

implement regulations concerning pig farming, Why
should they operate their business without paying
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for wastewater treatment while industrial factories
are reqguired to pay for treatment of their
wastewater?

2) Domestic Waste

Reducing the pollutant load from domestic waste
would be possible by strengthening wastewater
treatment, The strengthening of the existing
wastewater treatment should be studied from the
viewpoint of improving the communal plants and
master plan of sewerage treatment system for the
entire island. Particularly in the Sg. pinang, the
improvement of the communal plant will be effective
in improving the Pinang river water quality because
it is presently suspectedly of being polluted by the
discharge from the communal plants.

From this viewpoint, a study on the improvement
of the communal plants was contemplated and carried
out in the second year of the study. For the result
of this study, please refer to Appendix Q in
Supporting Report.

14.5.3 purification of River Water

Although improvement of the river water quality should
be done by reducing the pollutant load, it may be required
to implement an urgent water quality improvement measure
for Sg. Pinang, in case flood mitigation plans are
implemented there. The reason for this 1is because the
plans include an idea of a waterfront park system which
could require water quality environment where one could
galin access to the waterfront, To create such an
environment, it is necessary to decrease the BOD
concentration of the river to less than 10 ppm at which BOD
water can be maintained in aerobic conditions, or to supply
oxygen artificially.

Therefore, the application of direct purification to
Sg. Dondang was studied in the second year of the study.
However, as the results, shown in Appendix Q of the
Supporting Report, the existing water quality of the
Sg. bondang was found to be too polluted to apply such
direct purification methods.

14.5.4 Retention Ponds for Drainage

In the urgent project for drainage in Georgetown, it
is proposed to construct two retention ponds (5-10 and S-
18} at the cutlet to the sea. In the operation of these
ponds, drain water is to be introduced into the ponds and
discharged by tidal fluctuations or pumping during flood
periods.

Basins S~10 and S-18 are located in the areas served

by a sewer collection system, Sewer generated in the
basins are to collect the sewer systems and are never
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discharged to the drain. However, in these areas, most
houses and building only toilet wastewater enter sewer
system; sullage water is discharged to the drains. Seventy
to eighty percent are said to discharge their sullage water
to drains. In addition, many hawker shops discharge their
wastewater to the road side drains.  Therefore, the drain
water during fine days is supposed to be comprised mostly
of sullage water.

With such a situation, it is anticipated that the
water of the retention ponds will deteriorate. Such water
with abundant organic matter could easily generate
anaerobic conditions in the ponds, causing cobnoxious
methane and hydrogen sulfide odors.

To provide for such conditions, buffer greenery 1is
proposed between the residential area and the pond sites.
This will reduce the odor problems in the residential
areas. However, as a more fundamental resoclution, it is
recommended to cut off the inflow of sullage water to the
drain.
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TABLE 14-4 CALCULATED POLLUTANT LOAD IN EACH CATCHMENT
BOD leoadikg/day)
River Name Domestic Pig Farm Tot.al

SG. Pinang 2,929 13,539 16,468
Sg. Teluk Awak 65 0 65
S5g. Teluk Bahang 63 51 114
Sg. Batu Ferringghi 36 30 66
Sqg. Satu 43 0 43
Sg. Mas 56 ] 56
Sg. Kecil 36 595 631
S5g. Kelian 299 0 299
Sg. Balik Batu 87 0 87
Sg. Fettes 125 5 130
Sg. Bagan Jermal 43 26 69
Sg. Babi 52 0 52
Sg. Gelugor 726 0 126
S5g. Dua Besar 259 0l4 873
Sg. Nibong Besar 62 0 62
Sg. Nibong Kecil 120 2,688 2,808
Sg. Keluang 272 3,013 3,285
Sg. Nipah 54 4,604 4,658
Sg. Kampong Masijid 80 0 80
Sg. Ikan Mati 33 0 33
Sg. Bavan Lepas 99 180 279
Sg. Batu 418 0 48
Sg. Mati 32 ¢ 32
Sg. Teluk Kumbar 174 167 341
S5g. Gemuroh 25 0 25
Sg. Gertak Sanggul 40 1,567 1,607
Total 5,858 27,079 32,937
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TABLE,14-5 NATIONAL WATER QUALITY STANDARDS FOR MALAYSIA

CLASSES

PARAMETERS {UNITS) I IIA ITB ITT {(IV) v
Ammoniacal mg/l 0.1 0.3 0.3 0.9 2.7 >2.1

Nitrogen _
BOD mg/ L 1 3 3 6 12 »12
COD mey /L 10 25 25 50 160 >100
DO mg/1 7 5-7 5-7 3-5 5-9 -
pH 6.5-8.5 6-9 6-9 5-9 5-9 -
Colour TCU 15 150 150 - - -
Elect. Cond.* umhos/cm 1009 1000 - - 6000 -
Floatables N N N - - -
Odour N N N - - -
Salinity#* 900 0.5 1 - - 2 -
Taste N N N - - -
Total Diss. wg/ 1 500 1000 - - 4000 -

Solid*
Total Susp. mg/1 25 50 50 150 300 >300

Scolids
Temperature °C - Normalt2 - Normali2 - -
Turbidity NTU 5 50 50 - - -
F. Colif.*#* counts/ 10 100 400 5000 5000

100ml (2000} (2000)2
Teb. Colif. counts/ 100 5000 5000 50000 50000 >50000
100ml
N = No visible floatable materials/debris, or No objectionable odour,
or No objectionable taste.

* = Related parameters, only one recommended for use
* ok = Geometric mean
a = Maximum not to be exceeded
CLASS USES
I Conservation of natural environment Water supply I - practically

no treatment necessary {except by disinfection or boiling only)
Fishery I - very sensitive aquatic species

IIA Water supply Il - conventional treatment required Fishery
II - sensitive aquatic species

IIB Recreational use with body contact

I1I Water supply III - extensive treatment required Fishery III - commén,
of economlc value, and tolerant species
Livestock drinking

Iv Irrigation

v None of the above
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CHAPTER 15 LANDSCAPING OF RIVER CORRIDOR

15.1 LANDSCAPE FEATURES OF RIVERS IN PENANG ISLAND

Regarding the landscape condition of the riverside
area, the riparian condition of most rivers in urbanised
areas lack aesthetic appeal due to water pollution, clogged
solid wastes, and the condition of sedge and vegetation
growing on the banks.

_ River reserve areas are often shown in a poor light
with over grown plants and disorderly arrangement of huts
and articles in the surrounding areas.

Some riparian areas are recognized as having rich
landscape potential.

In conjunction with the consideration of future
riverside open space use, Fig.15-1, Fig.15-2 and Fig.l15-3
show a characteristic existing features of riverside
landscape at Georgetowm and at other riversides in Penang
Island.

i5.2 THE STRUCTURE PLAN AND SG. PINANG IMPROVEMENT
PLAN

The structure plan of the Municipal Council of Penang
island has issued the policy for the Sg.Pinang and its
corridor. The policy described that the amenity potential
for the Sg. Pinang and its corridor will be realised.

Regarding the policy, three objectives should be
necessary- to implement the Sg. Pinang Improvement Plan and
they are:

1) To improve the environmental quality of the river and
its corridor.

2) To improve access to the river and its corridor.

3) To realise the potential of the river and the corridor
for recreation and other amenities,

As mentioned, the landscape planning process should
involve an analysis of the problems, and the assets and
opportunities for changes within the corridor.

15.3 LANDSCAPING DESIGHN INVOLVED WITH SCENIC
ATTRIBUTES AND DIVERSIFIED ACTIVITIES

15.3.1 Findings of Scenic Attributes
Future planning, design and management decisions for

river corridor landscaping will have a great potential
impact on the river corridor views., These may be enhanced
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to create high quality wiews by changing landuse character,
removing certain distracting. features, or managing
vegetation growth in certain ways. . :

The development of a recreational, educaticonal and
interpretive programme stressing the importance of scenic
resources and the need for municipal and state governments
to develop appropriate pollcles and legal tools to control
adverse private development.

The development of overlay zoning and site review
mechanism to restrict encroachment by private development
on high quality view areas. Design guldelines could be
developed for problematic landuse and development
activities,

Fig.15-4 shows the characteristics of landscape
component of the river,.

15.3.2 Activities Within the River S8pace

The river fronts in urban areas are somehow guite
important places having specific value incorporated 1life
style and dynamic activities.

A close-to-home recreation resocurce that can be
provide for wide variety recreational activities is a
desired commodity today due to increasing public demand.
Even communities that are located within the midst of
unlimited recreational resources, are demanding closer
recreational facilities, :

15.4 ENHANCEMENT OF THE RIVER CORRIDOR LANDSCAFPE

Together with the future riverside park areas, spaces
of the river reserve itself are becoming valuable open
spaces utilized as recreational cores with pedestrian
walks., These spaces along the river can be made into well
harmonised environmental areas that will represent
effective facades for the urban area.

The existing landscape condition will be changed to be
more attractive environmentally through the improvements
made by the riverside development work.

The spaces of the river reserve itself will be
valuable for vicinity recreational activity and pedestrian
path network use. Furthermore these existence may
contribute to the landscape beaut.ification of the vicinity
townscape.

These spaces along the river reserve can be made well
harmonised environment to be represented the face of the
each district and to be a major structural spine of the
city townscape as well as the regional framework.

The functional services in these spaces will be
pedestrian ways, resting areas, plazas (focal gathering
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places), and some landscaped gardening areas, The new
environmental functions of the river side spaces will be
effective in addition to the rehabilitation of existing
reiverside zone conditions.

In some of the areas, adjacent to the commercial zones
or institutional facility areas, more amicable and
attractively designed river front improvements will allow
the people gather and enjoy themselves.

For these cases, well designed plazas, resting places,
kiosks, event and performance areds together with a
properly planned landscape layout, would upgrade the
quality of the area.

Thus, the - existing landscape condition will becone
more attractive environmentally through the improvements
made by the riverside development work.

In Penang Island, there is a great potential of
tourism resources and historical background which show the
variety of townscape and social dynamism, Together with
these potential, the reiverside environment should express
adeqgquate outlooks toward future development scheme.

Fig.1l5~5, Fig.15-6, Fig.15-7 and Fig.15-8 show the
river corridor landscape improvement schemes and
variations.

In the rural area and hillside zone, where rivers flow
under more natural conditions, river reserve areas are to
be utilised giving consideration to providing some
recreational trails and spaces for such activities as
sports and games.

Some potential riverine ecology conservation areas
shall be specially organized. On the other hand, the
estuary mangroves and related vegetation coleonies shall he
conserved to the maximum as a nature reserve.

15.5 GENERAL GUIDELINE OQF IMPROVEMENT OF THE RIVER
CORRIDOR LANDSCAFE

As for considering the riverside improvement schemes
of river systems in Penang Island, the following
improvement guidelines may be suggested for the river
corridor landscaping:

1} Qualitative improvement of river revetments as a means
for improving the riverside landscape.

For the ongoing and planned implementation of revetment
work, consideration is to be given to the prospective
activities in corresponding riverside areas and to
aesthetic space solutions.
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2)

3)

4)

5)

6)

7}

Keeping the river reserve clean,

Most of the rivers are without maintenance. To prevent
further environmental degradation, intensive care and
maintenance of the river reserve shall be carried out.

Improving the river reserve and establishing
recreational open space usage 1in the area,

Smoothing the bank areas, and grading and grassing of

the ground surfaces are required. Some trees and
shrubs should be allowed to remain for conservation and
aesthetical reason. Improved - spaces aleng the

revetments shall be also utilised for wvicinity
recreational activities, and incorporated into the
adjacent parks and open spaces.

Providing some attractive observation places, plazas,
and rest areas at strategic riverside points.

In order to expose  and emphasizé the wview of the
riverine landscape alt focal points, observation plazas
and rest areas shall be introduced,

Providing a walkway system along the river and
establishing aesthetic spaces at bridge sites.

Consideration should be taken to provide access to the
walkway system from nearby roads and public places.
These areas shall serve as aesthetical focal points for
the riverine zone.

Efficient projection of the riverside walkway,
improvement in conjunction with the development of
nearby strategic commercial and business district
areas.

Cohsidering of the pedestrian walkways, plazas and
malls network to link up with adjacent development of
riverside commercial and business facilities.

In the commercial landuse area and in some park landuse
area, the riverine facade is expected to present a good
view to c¢itizens and tourists, Within this area,
riverside reserves are to be limited.

Further development shall be considered taking into
account the possibility of increasing the width of
riverside walkways, and adding additional plazas and
landscaping to strengthen the area as the strategic
core for urban amenities.

Conservation of valuable natural vegetation along
environmentally sensitive areas,

Well balanced natural vegetations are observed at the
upstream banks in the hillside forest areas and at some
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areas of estuary mangrove colonies. In these ares,
very little improvement work would bhe needed to have
pedestrian trails lead the water marain and to set up
small observation spaces.

15.6 CONSIDERATION INCORPORATED WITH PRIVATE
SECTORS

Due to the enhancement of the riverine environmental
quality condition and the park areas involving retention
ponds, it may be important to incorporate the use of the
private sector along with the contributions from DID.

Companies or individuals in the private sectors who
have proven capabilities in the development of housing or
commercial complexes, or in the development of tourism may
be welcomed into the area for the purpose of sharing the
costs of waterfront development such as the implementation
of pedestvian walks, plazas, afforestation and gardening
work beside the basic works of revetments and river works.

The well landscaped spaces will have greater
commercial value and will appear attractive to visitoxs as
well as to wvicinity residents. also, there will be
investment opportunities here. In some cases, spaces oOr
facilities can be rented to the private sector through
contracts with the pubic superintendency side for sharing
certain amounts of counterpart investments or payments.

15.7 POSSIBLE PARTICIPATION BY THE PRIVATE SECTOR

The areas surrounding parks having retention ponds
have residential use with less opportunities for commercial
use.

The space occupied by retention ponds is large enough
for the installation of sports and game facilities, such as
tennis courts, roller skating and skate board courts, and
others. Well organized sports clubs or fitness clubs from
“the private sector may be set up to meet the needs of the
residents of the new township and of those who live in
nearby areas.

With this in mind, MPPP agencies, such as the
Superintendency of Parks, with cooperation from State
D.I.D, might mount a public relations campaign aimed at
getting individuals or organizations in the private sector
to participate in park projects either in the form of
monetary contributions or by providing maintenance or
operation services.

_ Recreational and health related businesses would
establish a trend for meeting the life style of people in
the middle to upper-middle class. The park would be quite
suitable for such activities, but first the private sector
must be convinced that the benefits to be reaped are
worthwhile.
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In the riverside area, the river reserve spaces should
be maintained by the public sector while the responsibility
for improving these spaces rests in the hands of the State
D.I.D.'s side. However, there is sufficient space at the
higher level portion of the river reserve that is adjacent
to the commercial area where it would be poessible to set up
some beneficial private concessions, such as kiosks,
refreshment “stands, and the like. Of c¢ourse, these
concessions must be located where they will not be in peril
at any time during a flood occurrence.

It is possible for the Superintendency's side to
negotiate c¢ontracts with appropriate private sector
parties. They will have the authority to grant permission
to use the spaces, and to approve the installation of
facilities and landscape improvements. They will establish
and collect space usage fees and will inform the parties of
their cleaning and maintenance responsibilities. The
superintendency's side shall prepare proper requirements
and design guidelines for space usage, facilities and
landscaping. These requirements. and guidelines will be
made available to the private sector and to project
participants.

Many future land use spaces are located in areas on
the adjacent riverside. For landscaping the river
corridor, a proper scale of develcopment shall be necessary
to suit the variety of sites along the river. Some sites
may only require simple landscaping work while others may
need more extensive work. Plans for the landscaping must
pe made based on the characteristics of each objective site
and on the environmental conditions in the area. For
implementing the river corridor landscaping consideration
must be given to the cost. Fig. 15-9% shows the standard
cost plan for the landscaping work,

15.8 HNECESSITY OF WATER QUALITY IMPROVEMENT

To upgrade the river corridor landscaping is of utmost
importance for improving the existing riverine conditions
and the quality of the river environment for the benefit of
the public.

From a perceptional point of view, at the initial
stage of upgrading the river environment, a nicely
landscaped riverside area gives the people the impression
that the environmental value o¢f the area 1is highly
recognized.

The improvement of the river environment can not only
be accomplished by landscaping the river corridor.
Consideration must also be given to improving river water
quality. Contributing to both the improvement of the
riverside area and the water quality will bring about a
more idealistic and comprehensive resolution of the river
improvement plan.

15 - 6



< CHAPTER 15 >

Inprovement of river water quality 1is vitally
important and absolutely essential if the upgrading of the
total environmental quality of the river is to be realized.

The State Government and the Municipal Council will
meet to proceed with the administrative programme and
campaign for increasing the public awareness of the river
water improvements and for the need of cleaning the river
water.
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Grade 1. landscaping case:

Turf grass furnishings on the ground modeled base

L N N T

............... MS$ 40,000 to 50,000 / ha

Tree planting with approx. 7 to 8 meter interval and turf
grass ground finish based landscaping

............... MS 80,000 to 100,000 / ha

Grade 2. landscaping case:

Simple hard surfaced pedestrian walk with approx. 2 neter
width through the river side and tree planting with approx.
7 to 8 meter interval on the turf grass bases along the

paved walk..

............ +..M$ 100,000 to 120,000 / ha

Grade 3. landscaping case:

Simple hard surfaced pedestrian walk with approx. 2 meter
width through the river side and tree planting with approx.
7 to 8 meter interval and flowering shrubs planting at focal
points and edges on the turf grass bases along the paved
walk. . ... i e it it s s e MS$ 130,000 to 180,000 / ha

Grade 4. landscaping case:

Rather high hard surfaced pedestrian walk with approx. 2
meter width and some plaza, river side access with stairs,
seating and resting facility installation through the river
side and tree planting with approx. 7 to 8 meter interval
and planting of flowering shrubs at focal points and edges
on the turf grass bases....M$ 200,000 to 300,000 / ha

1. 15-9

SCHEME OF STANDARD COST FOR RIVER CORRIDOR
LANDSCAPING
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CHAPTER 16 CONCLUSION AND RECOMMENDATIONS

The Master Plan on Flood Mitigation of the Rivers in
Penang Island 1s proposed consisting of Dboth

structural -and non—-structural measures. The
structural measures are river improvement works,
retention ponds and diversion channels. The proposed

plans for the major rivers are both technically and
economically feasible, and are socially fjustifiable.

The proposed urgent drainage plan for $-10, $-18 and
N-12 consists of drain improvement, retention ponds
and pump stations. The proposed plan 1is both
technically and economically feasible, and 1is
justifiable.

The immediate implementation of the urgent project,
{Phase 1) of three phases of Master Plan, is strongly
recomnended, because of the presence of flood prone
built-up areas and lowlying areas that experience
frequent flood damage as a result of flash floods and
high tides.

The required land acquisition for the project shall be
completed before the commencement of construction
works in order to ensure smooth project
implementation. It is alsoc recommended that the
appropriate authority control the type of development
within the river reserve in order to facilitate land
acquisition activity in the future.

It is strongly recommended that the Comprehensive
Flood Mitigation Committee of Penang Island under SEPU
be instituted in order to realize the overall
watershed management of the island.

For the lowlying areas along the east coast of the
island, as a basic strategy, it is recomnmended to fill
up the areas to a ground level sustainable for future
development instead of installing pumping facilities.

It is recommended that land development activities on
hilly or mountainous terrailns, especially in the
Penang Hill, be strictly controlled to prevent such
disasters, as debris flow, or sediment run-off,

It i1s recommended that c¢riteria for installing
localized retention ponds (sedimentation ponds} be
formulated in accordance with the degree of land
development activities in the basins in order to
control sediment run-off.

Since it has been revealed that most rivers are
polluted by garbage disposal and discharge of domestic
and pig farming waste into the rivers, 1t is proposed
i) to strengthen the sewage treatment in the Island,
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(10)

ii) to implement effective regulations concerning
wastewater discharge from pig farming and iii) to
strictly prohibit the dumping of garbages.

It is necessary to publicize the dimportance of
maintaining conducive and clean river environment. In
this regard, it is highly recommended that the public
be informed not to throw garbage inte the river or

drain.
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